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Fuels to Food from Sunlight, Air and Water 

Daniel G. Nocera
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University, United States

Hybrid biological | inorganic (HBI) constructs have been created to use sunlight, air and water to 

accomplish carbon fixation and nitrogen fixation, thus enabling distributed and renewable fuels and crop 

production. The carbon fixation cycle begins with the artificial leaf, which was invented to accomplish the 

solar fuels process of natural photosynthesis – the splitting of water to hydrogen and oxygen using sunlight 

– under ambient conditions. To create the artificial leaf, self-healing oxidic catalysts were integrated with

silicon by developing novel patterning techniques. The property of self-healing catalysis allows water

splitting to be accomplished under benign conditions and at neutral pH thus allowing water splitting

catalysis to be interfaced with bioorganisms. Using the tools of synthetic biology, a bio-engineered

bacterium has been developed to convert carbon dioxide, along with the hydrogen produced from the

catalysts of the artificial leaf, into biomass and liquid fuels, thus closing an entire artificial photosynthetic

cycle. This HBI system, called the bionic leaf, operates at unprecedented solar-to-biomass (10.7%) and

solar-to-liquid fuels (6.2%) yields, greatly exceeding the 1% yield of natural photosynthesis. Extending this

approach, a renewable and distributed synthesis of fertilizer and ammonia have been achieved at ambient

conditions by coupling solar-based water splitting to a nitrogen fixing bioorganism. The nitrogen reduction 

reaction proceeds at a turnover number of 3.1 × 109 per cell and operates without the need for a carbon

feedstock (which is provided by CO2 from air). These science discoveries set the stage for a storage

mechanism for the large scale, distributed, deployment of solar energy and distributed food production and 

thus are particularly useful to the poor of the world, where large infrastructures for fuel and food production 

are not tenable.
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Various synthetic strategies have been developed to devise a variety of artificial molecular arrays in 

molecular photonics because of their similarities in architecture and subunit structures to the natural 

photosynthetic light-harvesting complexes. For the molecular arrays to be efficient devices, they should 

have very regular pigment arrangements which allow a facile light energy or charge flow along the array 

but do not result in the alteration of individual properties of the constituent pigments leading to the 

formation of energy or charge sink. In these respects, understanding of photophysical properties of these 

macromolecular architectures is essential for the rational design of molecular devices for photovoltaic, or 

optoelectronic applications.Here, we have revealed that the ultrafast excitation energy migration processes 

in molecular arrays are strongly influenced by the electronic couplings among the constituent molecules as 

well as the structural rigidity of overall architectures.[1] Our investigations have been extended to H-type 

aggregated perylenebisimide (PBI)[2] and polythiophene oligomers (linear vs. cyclic)[3]. Not only 

intermolecular exciton couplings but intramolecular electronic structures have been investigated in a series 

of expanded porphyrins in conjunction with their molecular structures, the number of π-electrons (Hückel’s 

[4n+2] rule) as well as their conjugation pathways. Our study demonstrates a relationship between the 

photophysical properties such as absorption/emission properties, excited state dynamics and the aromaticity  

of expanded porphyrin systems. Based on these spectroscopic observations, we have found the reversal of 

aromaticity in the excited states of aromatic/antiaromatic expanded porphyrin congeners.[4] Detailed  

studies of the modulation events are expected to provide additional fruitful insight into the relationship 

between (anti)aromaticity and electronic structures. To the extent this proves true, it could have far-reaching  

practical applications that complement the advances in theoretical understanding that our studies are likely 

to provide. 
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This year happens to be the 30th anniversary year of the Macromolecular Chemistry Division of the Korea 

Chemical Society since its inauguration in 1988. This presentation describes historical reflection how 

deeply polymer scientists were involved in the establishment of the Chemical Society in 1946, and also in 

the start of the Division. It will also deals with the historical background why the Polymer Society of Korea 

broke off from the Chemical Society in 1976. The necessity of the formation of the Division can be found 

from the fact that polymer science was being too much drifted toward the engineering or applied aspect, 

which would hamper the progress of the basic science of Polymer Science in Korea. It should be 

emphasized that the generation of new knowledge is the most important duty for chemists. This presentation 

will provide various examples by which the early scientists tried to activate the Polymer Chemistry in Korea. 

In the last part, there will be a discussion on how the Division can become the core group of innovators for 

the healthy growth of Macromolecular Chemistry in Korea. 
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The development of muscle-like hydrogel actuators that can convert chemical energies into large, quick, 

and unidirectional motions is one of the long-standing research topics in materials sciences. Various 

hydrogel actuators have been developed so far, however, their actuation has inherent limitation in efficiency, 

because of their primitive actuation mechanism simply relying on the volume changes through the swelling 

and deswelling of gel networks. In addition, the volume changes are usually isotropic and not suitable to 

produce anisotropic motion. These limitations could be overcome through the imitation of mechanisms  

shown in Nature’s living creatures, offering an enormous potential for the development of functional soft 

materials that may improve our life. As represented by muscular tissues, some biological tissues are 

composed of numerous nanoscopic subunits that are assembled into anisotropically oriented structures 

extending over amacroscopic size regime. Such hierarchical structures are the origin of the excellen t  

biological functions, and their reproduction in artificial systems is a great challenge. To address this 

challenge, we have recently developed polymer networks with 'single-crystal-like'structural order, where 

2D-shaped inorganic materials were employed as constituents. This 3D network of this hydrogel is 

composed of a stimuli-responsive polymer, so that the polarity and dynamics of the gel matrix are abruptly 

changed in response to external stimuli, which causes the switching of the intensity of the ‘embedded 

electrostatics’. Thereby, it produces quick and anisotropic deformation of the hydrogel. In this presentation, 

their unprecedented functions originating from anisotropic structures will be discussed. 
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Signal amplification is an efficient method to bring about macroscopic changes of materials, which can be 

initiated by small concentrations of an analyte. This presentation demonstrates polymeric materials capable 

of showing amplified responses via (i) self-propagation or (ii) head-to-tail depolymerization. Both reaction 

mechanisms establish dramatic changes of materials in response to trace, specific stimuli. In particular, 

self-propagation reaction induces a global change in physical properties of a whole material from a local, 

fleeting signal; continuous depolymerization reaction provides amplified de-bonding reactions in polymer 

adhesives once exposed to a trace, chemical signal. 
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Just as natural systems and phenomena, researchers must often find new chemical strategies to access smart 

molecular machines or supramolecular processing, which can solve many of mankind’s greatest problems 

which encompass disease, energy crisis, preservation of chemical resources, and processing high-

performance composites in a cost-effective way. In nature, molecular machines regulate not only a variety 

of transport phenomena and catalytic reactions in physiological processes, but such biological polymeric 

structures also exhibit self-repairing characteristics. Taken as a whole, molecular machines support vital 

phenomena with precision and complexity. By focusing on the viewpoint of chemical bonds, those 

phenomena rely on active, characteristic dynamic bonds fueled by stimuli. By definition, dynamic bonds 

are chemical bonds, which exhibit dynamic characteristics between bonding and de-bonding in response to 

stimuli. Here, I will show some examples related to adaptive supramolecular chemistry for functional 

polymer hybrids, which have done by our recent investigations. 
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An important overarching goal in contemporary polymer research is to develop sustainable alternatives to 

petro-polymers that have competitive performance properties and price, are derived from renewable 

resources, and may be easily and safely recycled or degraded. In particular, block copolymers derived from 

biomass are necessary components of a sustainable future that relies minimally on petro-plastics for 

applications ranging from thermoplastic/thermoset elastomers to nanocomposites. From feedstock to 

application, this presentation highlights (1) sustainable thermoplastic elastomers based on triblock, 

multiarm star block, and graft, (2) renewable thermoset elastomers composed of homo and triblock, and (3) 

elastomeric composites based on nanocellulose, plus their material properties and potential use including 

pressure-sensitive adhesive, scaffold for soft tissue, biodegradability, shape memory behavior, and 

reinforced/controlled strength. This approach has great promise for the development of new, sustainable 

polymeric materials as viable alternatives to nonrenewable petroleum-derived polymer in numerous 

applications. 
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Over the past few years, materials exhibiting self-healability have been extensively explored as effective 

platform for the development of high-performance multi-functional materials for real engineering 

applications. Self-healable materials inspired by biological systems in which damage triggers an autonomic 

healing response have their built-in ability to autonomously self-repair initial damages, which prevents 

catastrophic failure of the materials, maintains performance of product function, improves product safety, 

reduces replacement costs, and extends product lifetimes. In contrast to conventional extrinsic self-healable 

materials like microcapsular or microvascular composites, intrinsic self-healable materials that utilize 

reversible crosslinking chemistry with dynamic covalent bonding or physical crosslinkage are able to 

undergo multiple repair cycles even upon damage at the same site. In this study, a new type of intrinsic 

self-healable polymeric material based on supramolecular chemistry is synthesized and its self-healing  

properties are examined in terms of charge transfer complex (CTC) interaction. The self-healable polymeric 

material in this study is prepared from polyimides, where CTC is formed through electronically  

complementary interaction between dianhydride and diamine groups in polyimide chains. The effective 

self-healing behaviors are attributed to the strong supramolecular networks resulting from both 

intramolecular and intermolecular CTC interactions of polyimide chains. The self-healable material based 

on polyimides shows excellent self-healing capabilities and fast self-healing kinetics, which explains its 

feasibility to be widely used for self-healing applications. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: POLY2-2 

Area: Recent Trends in Self-healing Polymers and Composites 

Type: Symposium, Time: FRI 09:30, Chair: Seokhoon Ahn 

 

 
Orthogonally double directional dynamic networks and their self-

healing properties 
 

Jae Woo Chung 

 
Organic Materials and Fiber Engineering, Soongsil University, Korea 

  

Self-healing polymer is one of the representative biomimetic intelligent materials that can repair its own 

structures and functions from the damage by the external environment. In general, the damage causes a 

material to lose its properties and functions, which has a bad influence on the overall durability and 

performance of the final product. Thus, the self-healing polymer that can completely restore its structure 

and function as well as preventing the expected damage in advance will surely open up the new scientific  

and industrial area.In this study, we demonstrate the thermally reversible self-healing supramolecular 

network based on poly(ε-caprolactone) with the dynamic multiple hydrogen bonding moieties, i.e. 

ureidopyrimidinone (UPy). For this, we prepared the hydrogen bonded network polycaprolactones (HBNPs) 

which mixed the hydrogen bonded linear/non-linear poly(ε-caprolactone) in the various ratio and 

investigate their self-healing property and mechanism. Interestingly, HBNP has the orthogonally double 

directional crosslinking structure and shows the outstanding self-healing efficiency over 96% after the 

thermal treatment at 90 oC within several minutes when HBNP has appropriate network structure. 
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A protective coating is used to protect surface of a material from various deterioration factors. When the 

protective coating is damaged by microcracking or scratching, water, chloride ion, and carbon dioxide 

would penetrate through damaged holes. This results in deterioration of the material, leading to significant 

reduction in their serviceability. If the protective coating can automatically heal the damaged region, 

reduced maintenance cost and enhanced public safety can be achieved. We have developed microcapsule-

based self-healing protective coating systems for concrete or metal. Healing-agent-loaded microcapsules 

are prepared and embedded in a coating matrix to obtain a self-healing protective coating. When the 

capsules are ruptured by damage, the healing agent is released from the ruptured capsules, and fills the 

damaged region which then undergoes a healing reaction. Sunlight-induced self-healing was accomplished 

using a methacryloxypropyl-terminated polydimethylsiloxane healing agent and a photoinitiator. A 

cinnnamide moiety-containing polydimethylsiloxane healing agent was prepared and used to develop a 

microcapsule-type repeatable self-healing coating system. The self-healing capability of a protective 

coating by atmospheric moisture was demonstrated by the usage of isophorone diisocyanate healing agent. 

Organogel was utilized to develop a microcapsule-based self-healing system in which secondary damage 

does not occur in the healed region. Low-temperature self-healing of a protective coating was demonstrated 

using a combination of a silanol-terminated polydimethylsiloxane as a healing agent and dibutyltin dilaurate 

as a catalyst. 
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In the present work two parts of the healing agent (commercially available epoxy resin and hardener) are 

encapsulated in separate polymeric nanofibers. The fibers are generated by a single-step dual coaxial 

solution blowing. The core-shell fibers with the diameters in the 200-2600 nm range are encased in the 

PDMS (polydimethyl siloxane) matrix to form a self-healing composite material. Under fatigue conditions, 

the core-shell fibers inside the composite material are ruptured and the healing agents released into the 

surrounding matrix. Various fatigue conditions including repeated bending and stretching are used to 

damage the composites and the degree of self-healing is quantified after that. Also, an incision resembling  

a crack is pre-notched and crack propagation is studied. It is found that the presence of the self-healing  

agents in the fibers significantly retards crack propagation due to curing by the epoxy at the ruptured site. 

The stiffness of the composites is also measured for the samples containing self-healing fibers inside them 

before and after the fatigue tests. A novel theory of crack propagation is proposed, which explains the 

observed jump-like growth of sub-critical cracks. 
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Lightweight and strong materials play an important role in the development of novel materials for 

construction, aerospace, and implant applications. These materials can be implemented using modular 

building units that can be assembled into aimed interconnected structures. This study uses a hierarchical 

design strategy to demonstrate a new class of lightweight and strong carbonaceous closed cellular structures. 

In contrast to conventional top-down approaches, building units are prepared by multiscale design approach 

starting from a synthesis of functionalized graphene oxide nanosheets at molecular- and nano-scale, 

stepping up into microfluidic fabrication of solid-shelled bubbles with shape diversity at micro-scale. Then, 

the microscale solid bubbles are strategically assembled into three-dimensional (3D) structures, 

subsequently transforming into self-interconnected and structurally-reinforced closed cellular structures 

through post-treatment, finally leading to a generation of 3D rhombic dodecahedral honeycomb lattice in 

centimeter scale. The finally obtained ordered structure exhibits an elastic modulus above 500 kPa, while 

maintaining a low density of 9.8 mg/cm3, opening a new path of lightweight and strong structured materials. 
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Poly(3-hexyl thiophene) (P3HT) is employed as a sensitizer to generate charge carriers by upconverted 

light. KPFM measurements reveal that the light upconversion enabled the formation of charge carriers in 

P3HT, resulting in large SPV of -54.9 mV. It confirms that the energy transfer from upconverters to P3HT 

can positively impact on the device performance in organic solar cells. Poly(N-isopropylacrylamide) 

(PNIPAM) brushes were anchored on Au films by atom transfer radical polymerization and ZnO 

nanoparticles were immobilized on the PNIPAM layer to explore controlled photocatalytic activity. The 

efficiency of photocatalytic decomposition of phenol pollutant was dramatically enhanced from 10 % to 

55 % upon the increase in temperature under visible light illumination. Multimetallic core@shell 

nanoparticles (NPs) consisting of Au core and metal-containing polyaniline (PANI) shells were prepared. 

These PANI coated AuNPs were sequentially mixed with selected transition metal precursors and platinum 

precursor solutions followed by chemical reduction to obtain uniformly distributed metal NPs on the surface 

with the reduced Pt usage. The AuNP@PANI@PtFe with optimized configuration exhibited about 2.5 and 

6.8 times enhanced mass activity for oxygen reduction reaction and methanol oxidation reaction, 

respectively, compared to Pt/C. Hierarchically organized porous carbonized-Co3O4 inverse opal 

nanostructures are synthesized via complementary colloid and block copolymer self-assembly. These 

highly ordered porous inverse opal nanostructures with high surface area display synergistic properties of 

high energy density and promising bifunctional electrocatalytic activity toward both the oxygen reduction 

reaction and oxygen evolution reaction. 
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We present a multilayer carbon pattern electrode designed by 3D interference lithography. This carbon 

electrode is fabricated by high temperature direct carbonization of the lithographic polymer pattern. Our 

carbon electrodes are multi-layered, but have a uniform pore network and a monolithic electrical conduction 

structure. This 3D porous carbon pattern film is etched to form an interdigitated electrode, and a solid-state 

electrolyte is applied to complete a microsupercapacitor (MSC). Our electrode exhibits ideal capacitive 

behavior at a very high scan rate of 10,000 mV / s. The MSC with this electrode achieve the volumetric 

energy density of 8.60 mWh / cm3. We also successfully demonstrate our MSC by powering various 

electronic devices. 
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Energy Harvesting Based on the Membrane Potential 

 

Chul Ho Park 

 
Korea Institute of Energy Research, Korea 

  

Electrocytes has specialized function to boost up the high voltage to trap the food based on the membrane 

potential. Membrane potential is the difference in electric potential between membrane that is induced by 

the concentration differences. For high energy efficiency, membrane must have high ion selectivity. 

However, ion-selective membrane proteins in electrocytes are fragile and susceptible to deterioration under 

pH, temperature, or mechanical stress. This study focused on membrane synthesis for ultra-thin ion 

exchange membrane via interfacial polymerization. The next step, to increase the number of charge density 

in nano-membrane, the interfacial hydrogel synthesize method was novely synthesized. Using those 

membranes, prototype concentration cell were produced. Interestingly, those concentration cells responds 

to all external changes, for example, vibration, bending, temperatures. We expect that the concentration 

cells could extract the useful energy from any type of low-degree energies. 
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Probing the behavior of chemical species confined in the nano-meter scale spaces such as hydrophilic 

channels in polymer electrolyte membranes (PEM) can enhance our understanding on the mechanism of 

ion transport in electrochemical systems. Our Overhauser dynamic nuclear polarization (ODNP) nuclear 

magnetic resonance (NMR) data indicate that water in the middle of the hydrophilic channel moves slower 

than those close to the channel inner walls in PEM. The 1H magic angle spinning (MAS) NMR spectra of 

the Nafion membranes thermally degraded by replacing SO3H groups with H show that the water exposed 

to more hydrophobic environment moves faster. This result agreed with the ODNP results described above. 

In addition, the MAS NMR data manifest that the chemical shift of channel water is an indicator not only 

of the number of water per SO3H group but also of the degree of hydrophobicity where water is placed. 

Our finding implies that water/proton transport can be improved by chemical modification of the 

hydrophilic channel surfaces. 
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The natural photosynthetic process has fascinated chemists for long due to its high specificity in solar 

energy conversion to sugar. In recent years, these efforts have intensified due to increasing emphasis on the 

development of carbon-free or carbon-neutral systems/technologies for production of solar fuel/chemicals . 

Utilizing the natural photosynthesis as blueprint, a number of covalent, and non-covalent donor-acceptor 

conjugate dyes have been studied as systems for CO2fixation. Although capable of efficient photoinduced 

intra- and intermolecular electron transfer (ET), they suffer from poor conversion efficiency and lack 

photostability. For enhanced efficiency and photostability, a variety of photocatalytic materials, such as 

inorganic frameworks and metal complexes have been developed and evaluated. However, their direct 

utilization remains limited due to one or more reasons, which include, low efficiency, poor selectivity, 

limited photostability and inability to work in visible light. This has led to emergence of the coupling of a 

suitable visible light active photocatalyst to an enzyme as an exciting avenue of research in this area. In this 

regard, we developed the photocatalyst/enzyme integrated solar chemical factory platform system that 

exemplified solar energy in synthesis of solar fuel & solar chemicals. The present work demonstrates 

successfully a new and potentially promising solar chemical factory platform system for the ultimate goal 

of utilization of solar energy in fuel & fine chemical synthesis. 
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Combusting fossil fuels resulted in the fast rise of CO2 concentration (the most abundant greenhouse gas) 

in the atmosphere, consequently causing the global warming. Thus, the photocatalytic reduction of CO2 to 

useful C1 feedstock (i.e., CO, HCOOH, CH3OH, and CH4) is one of the important contemporary objectives 

in modern energy issues. We have developed efficient organic and inorganic hybrid photocatalytic system 

involving two/three major components that will eventually converge to a unified hybrid system to become 

a “dye-sensitized semiconductor hybrid” photocatalyst. Initial solar light sensitization occurs at the 

photosensitzer (PS) followed by electron transfer to the n-type semiconductor (n-SC), most commonly at 

TiO2 and finally to the site of organometallic molecular reduction catalyst (RC), facilitating the generation 

of electrons that can be funnelled to RC, where they will react with CO2. Figure schematically represents 

our hybrid strategy system for photocatalytic CO2 reduction.Several strategies were employed with the 

introduction of diverse types of sensitizers showing light-harvesting ability in long-wavelength region and 

alternate reduction catalysts ([bipyridyl]-Re(I) or Mn(I) complex). 
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Electrochemical CO2 reduction to valuable chemicals for artificial 

photosynthesis 
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The electrochemical CO2 reduction reaction to value-added hydrocarbon has been proposed as one of the 

pathways to store the electrical energy, and it can be coupled with renewable energy resources for carbon 

recycling. In this talk, I will cover our recent efforts in designing electrocatalysts for CO2 reduction as well 

as solar-to-fuel conversion integrated device. Au, Ag, Zn, and carbon-based materials have been developed 

for CO2 reduction to CO production, and recent studies have reported high selectivity for CO production. 

There can be several strategies to increase electrocatalytic activity for CO2 reduction reaction while 

effectively suppressing HER. i) Introducing nanostructure having low under coordinated states have been 

proposed to have selective CO production, but in many of the cases they can increase the HER as well. ii) 

Defective structure such as grain boundary have been successfully demonstrated to increase CO2 reduction 

reaction activity by changing the interaction between the intermediate species and catalyst surface. iii) 

Many of the metal catalysts also showed improved activity by mediating oxygen species during synthesis 

which can causes the morphology changes as well as oxidation state changes of the metal surface. iv) Our 

group also found that surface mediated organic molecules can affect the selective CO production 

significantly by decreasing the overpotential. 
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Photosynthetic Energy Conversion: Molecular Metal Catalysts to 

Photoelectrochemical Cells 
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Artificial photosynthesis can convert the solar energy into the solar fuel such as hydrogen by driving high-

energy chemical reactions. Dye-sensitized photoelectrosynthesis cell is an integrated photoelectrochemical 

system of high band gap semiconductor such as the TiO2 and molecular assemblies with chromophore for 

light absorption and molecular metal catalyst. A molecular chromophore adsorbed on semiconductor 

electrode absorbs visible light and injects an electron into the conduction band. To fabricate artificial 

photosynthetic systems, efficient visible light-absorbing materials have to link reduction and oxidation  

catalysts for an efficient energy flow. As a step toward this goal of an NADH regeneration system and 

enzymatic production of solar fuels from CO2, we studied the synthesis of a new conjugated 

polydiacetylene polymer that is covalently connected with [Ru(phen-NH2)(bpy)2]2+. The 

[(bpy)2Ru(phen)]-polydiacetylene absorbed a wide range of visible light because of the presence of two 

chromophores, the Ru complex and polydiacetylene. The electron transfer from the photoexcited 

[Ru(phen)(bpy)2]2+ to the polydiacetylene backbone was observed. In a visible light-driven photocatalytic 

NAD+ reduction by (cyclopentadienyl)Rh(bpy)(H2O)2+ with [(bpy)2Ru(phen)]-polydiacetylene, NADH 

was regenerated. The consecutive carbon dioxide reduction coupled with formate dehydrogenase was 

carried out to utilize the photoregenerated NADH catalytically. PtNPs have also been reported to act as a 

photosensitizer as well as a catalyst during photocatalytic regeneration of NADH. The use of cobaloxime 

complexes is also presented in an electrochemical system for NADH regeneration from aqueous protons in 

buffer. 
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Artificial photosynthesis is being intensively investigated for simultaneously storing solar energy as fuels 

as well as depleting CO2 as a green-house effect gas. Water oxidation is currently considered a major 

bottleneck in the practical development of solar fuels; thus, intensive efforts have been made to under-stand 

and achieve efficient water oxidation under visible irradiation using earth-abundant materials. Among them, 

Fe2O3, BiVO4, and WO3 has been frequently studied and shown promising results. Many strategies have 

been reported such as the optimization of the electrolyte conditions (i.e., type of ions, pH, etc), the 

modification of the surface with co-catalysts and hydrogen treatment that prevent surface peroxide 

accumulation, or enhancing the photogenerated charge separation by coupling Fe2O3, BiVO4, WO3 with  

other semiconductors as a composite and in complete tandem water splitting systems. Herein, 

photoelectrochemical cell for water oxidation will be discussed under visible light. 
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In this talk, new capability of AFM that has been studied in my laboratory for quantitative analysis of 

various biomarkers (DNA, miRNA, mRNA, proteins), high resolution mapping of individual microRNAs  

at neuronal spines, elucidation of the interaction between peptides and a chaperone protein during the 

translation at a ribosome, single DNA sequencing will be presented. 
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The self-assemblies of metal cations with new multi-dentate ligands produce various porous crystalline 

matrix such as metal–organic nanotube (MONT), metal–organic frameworks (MOFs), zeolite L-mimic 

metal–organic framework (ZLMOF), and nanotube.(NT) showing the following functions: 1) The advanced 

triple-functions as a reservoir for unstable reactants, a photoreaction platform, and a byproduct-scavenger; 

2) The hydrophobic nano-channel that effectively adsorbs a wide range of fused aromatic hydrocarbons 

(FAHs) for energy-transfer materials; 3) Trapping agents of an iodomethyl radical (·CH2I) via single 

crystal-to-single crystal photoreaction without destruction of the suprachannel; 4) Crystalline matrix for 

molecular structure determination of a wide range of liquid chemicals via single-crystal-to-single-crystal 

(SCSC) guest exchange; 5) Confined catalysts. 
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Conventional porous materials include zeolites and metal-organic frameworks(MOFs). Especially the latter 

class of materials are extensively studied for the past two decades for potential applications in gas storage 

and catalysis. A distinguishable feature of MOFs is structural diversity, exhibiting several hundreds 

important net types and over 70,000 compounds accumulated thus far. In this presentation, we show that 

there exists uncharted teritory in this area- Frank-Kasper phases in metal-organic frameworks, together with 

a rational synthetic strategy to stabilize those new compounds via data-driven discovery. 
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Alzheimer’s disease (AD), associated with degeneration of neurons and synapses in the brain, leads to 

motor impairment and eventual fatality. Neurodegeneration could be related to various interconnected 

features, including (i) plaque formation from amyloid-β (Aβ) peptide fragments, (ii) metal ion 

dyshomeostasis and miscompartmentalization, as well as (iii) inflammation and increased oxidative stress 

due to overproduction of reactive oxygen species (ROS). The inter-relations between some of these 

pathological factors have been investigated. Metals are found entangled in the Aβ plaque and likely 

contribute to Aβ neurotoxicity and oxidative stress. ROS have been shown to increase the rate of Aβ plaque 

formation. Our understanding of the correlation between these elements and AD neuropathogenesis has 

been very limited, however. There is currently no cure for AD; therapies are focused on symptomatic relief 

targeting the decrease in the levels of acetylcholine, only one of the multiple factors causing the disease.1-

5 To find a cure for AD, we require a better understanding of the relationship between the various causative 

factors of this devastating disease. Towards this goal, we need suitable chemical tools and tactics capable 

of targeting and regulating its multiple underlying factors simultaneously.2-4 Herein, our rational design 

and preparation of our chemical tools will be discussed with our investigations of their interactions and 

reactivities with targets in vitro as well as their efficacy in vivo.6-11General References1.DeToma, A. S. 

et al., Chem. Soc. Rev. 2012, 41, 608-621.2.Savelieff, M. G. et al., ACS Chem. Biol. 2013, 8, 856-

865.3.Savelieff, M. G. et al., Acc. Chem. Res. 2014, 47, 2475-2482.4.Derrick, J. S.; Lim, M. H. 

ChemBioChem 2015, 16, 887-898. 5.Lee, H. J. et al., Chem. Soc. Rev. 2014, 43, 6672-6682.6.Choi, J.-S. 

et al., Proc. Natl. Acad. Sci. USA 2010, 107, 21990-21995.7.Beck, M. W. et al., Chem. Sci. 2015, 6, 1879-

1886.8.Lee, S. et al., J. Am. Chem. Soc. 2014, 136, 299-310.9.Derrick, J. S. et al., J. Am. Chem. Soc. 2015, 

137, 14785-14797.10.Beck, M. W.; Derrick, J. S. et al., Nat. Commun. 2016, 7, 13115.11.Derrick, J. S. et 

al., J. Am. Chem. Soc. 2017, 139, 2234-2244. 
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Tetrazole is known as one of promising ligands due to its diverse coordination ability to late transition 

metals such Mn, Cu, and Zn. The tetrazolyl ligand could act as a mono-, bi-, or tetradentate bridging ligand 

with transition metals, resulting in the formation of high dimensional coordination polymers. The tetrazole 

with a widely spread π-conjugation all around the molecule could promote complicated molecular assembly 

via electron donation of four nitrogen atoms towards the metal center and help the stabilization of the 

cationic metal center. For several years, our group has been interested in chelating tetrazolyl ligands to 

produce complicated molecular systems. For the better binding ability and stability, 5-(2-

hydroxyphenyl)tetrazole was prepared and used as ligands in the complexation with various metal 

precursors including Ti, Zn, Cu, Ni, Fe. Ru and Ir metal centers. Especially, Fe complexes constitute novel 

examples of Fe scorpionate complexes. Additional metal exchanges with Ti were also observed. Ru and Ir 

supramolecules provided interesting structural features. In this presentation, we will discuss the structural 

diversity of metal tetrazolyl system. 
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An important goal in molecular electronics is to relate the rates of charge transport by quantum tunneling 

across molecular junction to chemical and electronic structure of molecule inside it. This goal is, however, 

difficult to achieve since molecular junctions are a type of structurally complicated nanoscale device, which 

often shows complexities arising from ill-defined molecule-electrode interface and from complicated  

molecular structure on surface. This presentation focuses on our recent effort to resolve this problem using 

high-yielding and well-defined large-area junctions formed with molecular monolayers. We are particularly  

interested in liquid-metal top-electrode comprising eutectic gallium-indium alloy, which guarantees 

convenience in fabrication and operation as well as reliability and reproducibility in junction measurements, 

thereby enabling statistical analysis of tunneling data for drawing inferences concerning structure-tunneling 

relationship. While making this technique relevant to untethered junction via direct patterning on surface 

in maskless fashion, we use it for examining detailed mechanism of rectification—asymmetric response of 

currents to applied biases of opposite polarity—over various molecules. We finally reconcile our results 

with previously reported experimental and theoretical ones. 
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The metal-oxo functionality plays a pivotal role in bio-inspired catalysis. Our understanding of the chemical 

reactivity of this remarkable motif found in various biological contexts has evolved over the years from a 

classical and conventional picture of a simple metal-oxo functionality to the recognition that the oxygen is 

better represented as radicaloid, metal-bound oxyl, or even a metal-bound oxene functionality. The 

distinction of these different resonance structures is useful, as it allows for rationally understanding the 

chemical reactions that these functional groups can promote.In particular for late transition metals, 

additional complications arise from the concept of the oxo wall, which stipulates that terminal metal-oxo  

compounds should not exist beyond d5-centers in tetragonal structures. In this talk, I will review some of 

the reactivities that we studied in the recent past to relate the electronic structure of Metal-Oxygen 

framework in various oxidation states to it functional role during catalysis. 
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Hydrogen peroxide (H2O2), which is used as a fuel in H2O2 fuel cells,1 is produced by two-electron/two-

proton reduction of dioxygen (O2), two-electron/two-proton oxidation of water ( H2O), or combination of 

four-electron/four-proton or/and two-electron/two-proton oxidation of H2O and two-electron/two-proton 

reduction of O2.2 This lecture focuses on solar-driven production of H2O2 from H2O and O2 in the air and 

its usage in green oxidation reactions.2H2O2 is produced by combination of the four-electron/four-proton 

oxidation of H2O oxidation and the photocatalytic two-electron/two-proton reduction of O2 using H2O 

oxidation catalysts and O2 reduction photocatalysts.3-5 The yield of H2O2 is improved when the 

compartment for the photocatalytic four-electron/four-proton or/and two-electron/two-proton oxidation of 

water with a semiconductor photocatalyst (WO3 or BiVO4) is separated from that for the catalytic two-

electron/two-proton reduction of O2 with a cobalt(II) chlorin complex [CoII(Ch)] using the two-

compartment cell separated by a Nafion membrane.6,7 The overall solar-driven oxidation of H2O by O2 to 

produce H2O2 is combined with catalytic oxidation of benzene by H2O2 to produce phenol, when the overall 

reaction is solar-driven hydroxylation of benzene by O2, which is the greenest oxidant, with H2O.8,9 
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Artificial photosynthesis is a green technology that can convert the solar energy into the solar fuel such as 

hydrogen by driving high-energy chemical reactions. In order to fabricate artificial photosynthetic systems, 

efficient visible light-absorbing materials have to link reduction and oxidation catalysts for an efficient  

energy flow. A various strategies of chromophore-catalyst assemblies have been investigated and the 

simplest assembly strategy is co-loading the chromophore and catalyst on the oxide surface with  

chromophore injection followed by cross-surface electron transfer activation of the catalyst. As a step 

toward this goal of an NADH regeneration system and enzymatic production of solar fuels from CO2, we 

studied the synthesis of a new polydiacetylene compound that is covalently connected with [Ru(phen-

NH2)(bpy)2]2+. The [(bpy)2Ru(phen)]-polydiacetylene absorbed a wide range of visible light because of 

the presence of two chromophores, the Ru complex and polydiacetylene. The electron transfer from the 

photoexcited [Ru(phen)(bpy)2]2+ to the polydiacetylene backbone was observed. In a visible light-driven  

photocatalytic NAD+ reduction by (cyclopentadienyl)Rh(bpy)(H2O)2+ with [(bpy)2Ru(phen)]-

polydiacetylene, NADH was regenerated, and the reactivity using Ru(bpy)2(phen)-polydiacetylene was 

enhanced relative to control experiments using only [Ru(phen)(bpy)2]2+ or polydiacetylene. The 

consecutive carbon dioxide reduction coupled with formate dehydrogenase was carried out to utilize the in-

situ photoregenerated NADH catalytically. Bulk electrolysis of NAD+ carried out with a Rh catalyst in the 

absence and presence of platinum nanoparticles (PtNPs) generates enzymatically active NADH. 
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Catalytic dinitrogen reduction to N-products including ammonia in a practical homogeneous condition is 

one of the most challenging reactions in chemistry.1 Among various transition metal systems for the 

reduction, oxygen-donor ligands like triphenolate amines have been less studied.2 We have synthesized 

various Mo, Fe, and V complexes that contain newly designed bulky triphenolate amine ligand (TPA). 

Those three transition metals are the major components of nitrogenase that catalyze the transformation of 

dinitrogen to ammonia in nature. Three phenolates of the ligand that directly bind to a transition metal 

secure the stability of the complexes. In addition, three 1,3,5-triisopropylphenyl groups (TRIPs) of the 

ligand maximize a steric demand in a pocket that prevents the product from dinitrogen bimetallic formation . 

With these complexes, we have attempted to reduce N2 under various conditions. Although the reduction 

reactions with the complexes were not successful, we learned several important lessons from the 

challenging reaction, which will be discussed in the talk. Meanwhile, we have also investigated more 

simplified ligand systems such as N-donor-based ligands. To our surprise, the transition metal complexes  

with the simplified N-donor ligands fix N2 and reduce N2 under benign conditions. The details will be 

discussed.References1Hoffman, et al. Chem. Rev. 2014, 114, 4041.2 Licini, et al. Dalton Trans. 2009, 5265. 
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Numerous studies have been carried out in the field of homogeneous catalysis for fine chemical synthesis, 

due to the exact control of catalyst structures leading to high activity and selectivity of desired reactions. 

Some of the homogeneous catalysts have been rationally designed on the basis of enzymatic structures, 

because enzymes or biological catalysts exhibit enormous catalytic properties on certain chemical reactions 

with high activation energies under mild physiological conditions. On the other hand, heterogeneous 

catalysts have many advantages for industrial processes, such as easy and complete separation from the 

reaction mixture, excellent recyclability, and high activity comparable to those of homogeneous 

counterparts. Although these heterogeneous catalysts are successfully applied to the wide ranges of 

chemical reactions, reaction selectivity, in particular regio- and stereospecificity, is the field that has been 

unexplored thus far. Then, as homogeneous catalysts mimic the enzymatic systems to improve their 

catalytic performances, why don’t we mimic the identical system for the design of heterogeneous catalysts? 

We know that the dimensions and mechanisms of heterogeneous systems are highly distinct, but at least, 

we may get fundamental ideas from the structure and dynamics of enzymes proceeding the reactions though 

efficient pathways. In this presentation, we will present the design principle of heterogeneous systems 

which are mainly inspired from homogeneous and enzymatic catalysts. When metal nanoparticles and their 

related structures are utilized as model catalysts, their intrinsic structural regularity enables the gaps 

between different phases to be closer, and the main features of other catalysts can be applied to the 

heterogeneous systems. This approach would enhance various catalytic performances, including thermal 

stability, redox properties, and reaction selectivity, and help to expand the applicable ranges of 

heterogeneous systems. 
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Metal-organic frameworks (MOFs) have high surface areas and tunable pore properties. These features 

provide potentials in several applications, including gas storage, catalysis, sensing, and so on. The function 

of MOFs is readily modulated by employing post-modification methods. Accordingly, the wanted 

properties could be incorporated by the simple and slight decoration of functional groups to a framework. 

In this talk, I will introduce design and modification of MOFs via a post-synthetic method and applications 

on CO2 capture and proton conductivity. 
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Metal-organic frameworks based on metal-oxo chain clusters for their environmental applicationsFor last 

two decades, metal-organic frameworks (MOFs) as the newly emerging porous materials have attracted 

tremendous research attention owing to their potential applications such as in gas storage/separation, 

catalysis, sensing, and so on. Unlike the traditional porous materials, MOFs are built by coordination bonds 

between organic ligands and metal ions/clusters. Thus, it leads to the designability and tailerability of their 

structures and properties through the judicious choice of organic linkers and metal ions/metal clusters. 

Herein, first, the Ti(IV)-carboxylate MOF with an unprecedented Ti-oxo chain cluster will be presented by 

focusing on their structures and photocatalytic activities. In the second part of the talk, iodine sorption 

properties such as kinetics and thermal stabilities of two isostructural MOFs consisting of metal-oxo chain 

clusters will be discussed. The slight structural difference in the ligands resulted in significant difference in 

the iodine sorption behavior. Single crystal X-ray diffraction analysis clearly determined the location of the 

iodine or triiodo-molecules in the two MOFs. 
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Microporous materials possessing large surface areas and adjustable functionality have drawn a large 

amount of attention due to their wide range of applications. Such materials can potentially be used in 

molecular separations in both adsorptive and membrane-based configurations. In this presentation, our 

efforts to develop various crystalline porous materials, such as metal-organic frameworks (MOFs), covalent 

organic frameworks (COFs) and zeolites, with various forms including hierarchical porous structure and 2-

dimensional layered structure will be introduced. Recently, we have synthesized hierarchical LTA zeolites  

containing organically functionalized mesoporous domain for the selective capture of targeted molecules. 

To design such materials, hierarchically porous zeolites were first synthesized by soft-templating method 

where the liquid crystal micelles made up with surfactants were served as the template for mesopore 

formation. Subsequently, organic groups were introduced to the mesopore surfaces via post-synthetic 

grafting method. Hierarchical mesoporous HKUST-1 MOF crystals were also synthesized by controlling 

various parameters in the solvothermal process. Detailed analysis revealed that the transport of molecules  

within the porous material were facilitated by mesoporosity introduced. Such strategy was successfully 

applied to zeolitic materials such as ZSM-5. Lastly, 2-D MOF nanosheets were synthesized at the interface 

of two solvents containing metal ions and ligand, respectively. MOF nanosheets could selectively transport 

molecules due to the size exclusion effect. 
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Ferromagnetic semiconductive materials have much attention as potential candidates for spintronic devices 

due to the integration of electron spin and electron charge in the same material. There are some reports 

where ferromagnetism and semiconductive behaviour coexist. To improve the poor reproducibility and low 

Curie temperature an alternative method is so-called diluted magnetic semiconductors (DMSs) was 

introduced where dopant magnetic ions lead to coexistence of magnetism and semiconductor. DMMs are 

based on non-magnetic semiconductors and magnetic phenomena introduced by alloying optimum size and 

amount of magnetic materials. Despite the success of these materials, their all-inorganic compositions 

greatly limit their directed synthesis and chemical tunability. Another approach could be inorganic-organic 

hybrid materials where synergistic behaviour can lead to desirable properties for spintronic material. It was 

shown that the optical band gap of these inorganic-organic hybrid materials is mainly contributed by 

organic ligand. The contribution of metal ions for magnetic interactions and low band gap from the organic 

ligand can lead to new material for the spintronic application. Several attempts have done by design new 

ligands and synthesizing hybrid structure to achieve the conductivity and ferromagnetism for spintronic 

material.Here we have synthesized a new [Ni3(BTB)2(BPE)4(H2O)2] 4 DMF 2 H2O, ( where, BTB = 1,3,5-

tris (4-carboxyphenyl) benzene, BPE = 1,2-bis (4-pyridyl) ethane) three-dimensional structure by using 

highly conjugated ligands and nickel ions. This is a low band gap material and exhibits long-range 

ferromagnetism. Both experimental and theoretical optical band gap values exhibit its semiconductor 

characteristics. The Ni atoms are linked with the BTB and BPE ligands to form the four-membered rings 

which are linked to each other to form the three-dimensional structure. Structural analysis also revealed 

that when Ni atoms only connected with BTB ligand it forms kagome type structure. Magnetic studies show 

its ferromagnetic behaviour and theoretical calculations revealed that Ni atoms are linked through BPE 

ligand antiferromagnetically and ferromagnetically through BTB ligand. 
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The porous crystalline metal-organic frameworks (MOFs), tunable solid constructed by metal ion and 

organic linker, are emerging as a new class of solid state proton conductor because of their high porosity 

and capability as an adsorbent. Its good proton conducting performance (~10-2Scm-1) can be achieved by 

efficient hydrogen bonding between the framework and guest molecules filling pore in which the 

conducting media plays a crucial role. Water is a well known conducting media exhibiting small molecular 

size and efficient hydrogen bonding with two proton donor and two acceptor sites. As a result, the hydrogen 

bonding in MOFs between guest or lattice water molecules and various functional groups of the organic 

linker is thought to be a possible conduction pathway. Herein, we demonstrate the ammonia mediated  

proton conductor in MOFs. Even though it is not chemically identical to water, it has a most similar 

molecular system in terms of size and hydrogen bonding. We found the highly enhanced proton 

conductivity in MOFs through the cooperative ammonia adsorption. In addition, the structure analysis by 

powder Rietveld refinement and dynamic behavior of ammonia in the pore helps to understand their proton 

conduction mechanism. 
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Quantum Mechanical Dynamics 

 

Cheol Ho Choi 
 

Department of Chemistry, Kyungpook National University, Korea 

  

Over the years, we have been developing a method which could reveal the dynamical events of chemical 

reactions. Observing chemical reactions in real time is one of the ultimate goals of physical chemistry. 

Experimentally, a great deal of time-resolved spectroscopies as well as ultrafast X-ray have been developed 

to observe the events. Our initial attempts were the introductions of quantum theories to the molecular 

dynamics,[1,2] which has been the basic foundation for the further developments. Currently, we are 

developing a way to study fast chemical reaction dynamics including the “nonadiabatic processes” of 

internal conversions as well as intersystem crossings. In this talk, we introduce these on-going projects 

focusing on our new linear response theory for better descriptions of degenerate (or near-degenerate) 

electronic states.  

 

[1] Choi, C. H., Re, S., Feig, M., & Sugita, Y. (2012). CPL, 539-540, 218–221. 

[2] Fedorov, D. G., Sugita, Y., & Choi, C. H. (2013). JCPB, 117(26), 7996–8002. 
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Ultrafast Electron Microscopy: Visualization of Acoustic Vibration of a 

Single Nanorod in Space and Time 
 

Oh-Hoon Kwon 

 
Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

With advances in spatial resolution reaching the atomic scale, 2 and 3 dimensional (D) imaging in 

transmission electron microscopy (TEM) has become an essential methodology in various fields of research 

providing static structural information. Now it has become possible to integrate the ultrahigh temporal 

resolution (fourth dimension) to the 3D spatial resolution of TEM.1-5 Here, presented is the concept and 

recent application of time-resolved imaging in ultrafast electron microscopy (UEM), which made it possible 

to directly visualize a single gold nanorod (Au NR) undergoing plasmonic-acoustic vibration of sub-

nanometer amplitude and picosecond period, upon femtosecond-pulsed light excitation for the first time. 

The unique integration of a direct electron detection camera6 to ultrafast electron microscopy in 

combination of achieving control over the quality of pulsed electron beam enabled the unprecedented 

spatiotemporal resolutions with selective and characteristic vibrations of a single Au NR being unveiled in 

contrast to conventional optical spectroscopic measurements on ensembles.References[1]B. Barwick, H. S. 

Park, O.-H. Kwon, J. S. Baskin, A. H. Zewail, Science 322 (2008) 1227.[2]O.-H. Kwon, A. H. Zewail, 

Science 328 (2010) 1668.[3]Yoo, B.-K.; Kwon, O.-H.; Liu, H.; Tang, J.; Zewail, A. H., Nature Commun., 

6 (2015) 8639.[4]R. van der Veen, O.-H. Kwon, A. M. Tissot, A. Hauser, A. H. Zewail, Nature Chem. 5 

(2013) 395.[5]H. Liu, O.-H. Kwon, J. Tang, A. H. Zewail, Nano Lett. 14 (2014) 946.[6]Y. M. Lee, Y. J. 

Kim, Y.-J. Kim, O.-H. Kwon, Struct. Dyn. 4 (2017) 044023. 
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Ultrafast chemical reactions investigated by time-resolved stimulated 

Raman spectroscopy 
 

YOONSOO PANG*, Myungsam Jen, Sebok Lee 

 
Department of Chemistry, Gwangju Institute of Science and Technology, Korea 

 

Ultrafast chemical reactions in the excited states are directly observed by femtosecond stimulated Raman 

spectroscopy with both high temporal (<50 fs) and spectral (<10 cm-1) resolutions. Intramolecular proton 

transfer reaction of alizarin (1,2-dihydroxyanthraquinone) occurs in 70-80 fs upon the photoexcitation, 

where the population decays and the spectral changes (peak shifts and bandwidth changes) of the major 

C=C and C=O stretching vibrations of reactant (locally-excited) and product (proton-transferred) molecules 

of the proton transfer reaction. We propose that the intramolecular proton transfer of alizarin may occur via 

a transition state of a newly formed six-membered ring composed of carbonyl and adjacent hydroxyl groups. 

In addition to solute vibrational features, the changes in the solvent vibrational mode the S=O stretching of 

DMSO have been extensively studied to probe changes in the solvation via hydrogen bonding. Another 

proton transfer reaction of curcumin in DMSO was also investigated, where the ground state bleaching for 

the solute vibrational modes and the S=O stretching bands of DMSO both represent a fast chemical reaction 

(~3 ps) and subsequent solvent relaxations (15-20 ps). From these results, we showed that femtosecond 

stimulated Raman spectroscopy can be successfully applied to probe both ultrafast chemical reactions of 

reactants in the excited states and the following solvation between the products and solvent molecules. 
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Nanoscale chemical imaging in photo-induced force microscopy 

 

Junghoon Jahng, Hyuksang Kwon, Eun Seong Lee* 

 
Center for nano-characterization, Korea Research Institute of Standards and Science, Korea 

  

We present the novel type of microscopy – photo-induced force microscopy (PiFM) [1, 2] and its 

applications. The photo-induced force, enhanced by the plasmonic field, depends on the local response of 

the media, i.e. local polarizability as well as the local absorption which resulted in the chemical selectivity 

with a spatial resolution of a few nanometers [3]. The advantage of this approach is that any optical 

transitions linear and nonlinear of molecules can be probed directly as a far-field free manner. This new 

form of microscopy operates in a regime of non-contact/tapping mode which is away from the hard-contact 

mode. In this work, we present theoretical and experimental analysis of linear and nonlinear optical 

responses such as Raman vibrational molecular states [2], the excited state absorption [4] in single 

molecular clusters, IR vibrational transition [5] and surface plasmon polaritons in thin gold film [6] in 

photo-induced force microscopy. The ability to apply AFM's for nanometer scale optical spectroscopic 

analysis will open new opportunities in materials science and biology by investigating the chemical and 

optical nature of individual molecules. 

 

REFERENCES 

1.I. Rajapaksa, et al., “Image force microscopy of molecular resonance: A microscope principle'', Appl. 

Phys. Lett. 97, 073121 (2010). 

2.J. Jahng, et al., “Linear and Nonlinear Optical Spectroscopy at the Nanoscale with Photoinduced Force 

Microscopy'', Acc. Chem. Res., 48 (10), 2671-2679 (2015). 

3.J. Jahng et. al, “Quantitative analysis of sideband coupling in photoinduced force microscopy”, Phys. Rev. 
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Figure 1: Schematic of photo-induced force microscopy 

 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: PHYS1-5 

Area: Recent Trends in Time- and Spatial-resolved Spectromicroscope 

Type: Symposium, Time: THU 17:20, Chair: kyungwon Kwak 

 

 
Conformational structures of heterocyclic molecular cations 

investigated by high-resolution VUV-MATI spectroscopy 
 

Chan Ho Kwon 
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We investigated the essential conformations of heterocyclic molecular cation employing new spectroscopic 

technique with spectrometers based on mass spectrometry and laser spectroscopy in combination with  

quantum chemical calculations, since heterocyclic ring compounds constituting the backbone of large 

biomolecules generally have the biological activities depending on conformational structure. The high-

resolution vacuum ultraviolet mass-analyzed threshold ionization (VUV-MATI) spectroscopy was firstly 

used to determine the accurate ionization energies of thietane, oxatane, tetrahydrothiophene, and 

tetrahydrofuran and measure the vibrational spectra of their cations. We found that the conformations of 

saturated four-membered rings generally reflect the balance between ring strain and torsional forces arising 

from non-tetrahedral methylene groups, which affects ring-puckering vibrations. For the five-membered  

rings, the conformational changes of cyclic compounds experiencing large torsional forces can occur along 

with ring-puckering vibrational motion with the puckering phase rotating around the ring, which is denoted 

as pseudorotation. 
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Sub-10 Femtosecond Time-Resolved Vibronic Optical Microscopy 
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A femtosecond wide-field transient absorption microscopy combining sub-10 fs pump and probe pulses 

covering the complete visible (500−650 nm) and near-infrared (650−950 nm) spectrum with diffraction -

limited optical resolution is introduced. We demonstrate the capabilities of our system by reporting the 

spatially- and spectrally-resolved transient electronic response of MAPbI3−xClx perovskite films and reveal 

significant quenching of the transient bleach signal at grain boundaries. The unprecedented temporal 

resolution enables us to directly observe the formation of band-gap renormalization, completed in 25 fs 

after photoexcitation. In addition, we acquire hyperspectral Raman maps of TIPS pentacene films with sub-

400 nm spatial and sub -15 cm−1 spectral resolution covering the 100−2000 cm−1 window. Our approach 

opens up the possibility of studying ultrafast dynamics on nanometer length and femtosecond time scales 

in a variety of two-dimensional and nanoscopic systems. 
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Transition metal dichalcogenides (TMDCs) are layered materials that feature electronic properties 

comparable to those of conventional semiconductors. When TMDCs are thinned down to a single 

monolayer, their electronic structure and physical symmetries are radically altered, leading to new behavior 

such as indirect to direct bandgap transitions. Furthermore, modifying the coordination between the 

transition metal atom and chalcogen atoms can lead to new phases with radically different electronic 

properties. Because of these features, TMDCs have been considered as promising materials for future 

electronics and optoelectronics. To increase their potential uses in these applications, we have developed 

new chemical vapor deposition techniques for synthesizing novel TMDCs such as their two-dimensional 

heterostructures. Using a phase-selective synthetic strategy, we have synthesized in-plane few-layer 2H-

1T′ MoTe2 junctions, which are new edge-contacted 2D materials, essential for high-performance 2D 

electronics. Furthermore, we have demonstrated a two-step strategy for synthesizing in-plane and vertical 

heterostructures composed of monolayer MoS2 and WS2, which could serve as new building blocks for 

future optoelectronics. 
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Giant Temperature Coefficient of Resistivity and Cryogenic Sensitivity 
in Silicon with Galvanically Displaced Gold Nanoparticles in Freeze-

Out Region 
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The temperature coefficient of resistivity (TCR) and cryogenic sensitivity (Sv) of p-type silicon (p-Si) in 

the low-temperature region (10−30 K) are remarkably improved by increasing the coverage of galvanically  

displaced Au nanoparticles (NPs). By increase of the galvanic displacement time from 10 to 30 s, the 

average surface roughness (Ra ) of the samples increases from 0.31 to 2.31 nm and the coverage rate of Au 

NPs increases from 3.1% to 21.9%. In the freeze-out region of the sample, an up to 103% increase of TCR 

and dramatically improved Sv of p-Si (∼5813%) are observed with Au coverage of 21.9% compared to p-

Si without galvanically displaced Au NPs. By means of a finite element method (FEM) simulation study, 

it was found that the increase of surface roughness and a number of Au NPs on p-Si results in a higher 

temperature gradient and thermoelectric power to cause the unusual TCR and Sv values in the samples. 
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Non-destructive colorimetric sensor applications for determination of 
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A naked-eye detective chemosensor has received much attention in a variety of application field due to the 

simplicity, favorable performance, selectivity, and low cost. A naked-eye detective colorimetric sensor 

could communicate with consumers through colors which include the information of agricultural products, 

such as quality and ripeness. In addition, this sensor offers the time-saving convenience for the final 

purchasing decision as well as can be used as a marketing tool to elevate the value of product. Herein, non-

destructive colorimetric sensor applications for the fruit quality determination will be presented. Monitoring 

the quality of agricultural products is employed by on-packaging smart sensors which are sensitive to fruit  

aroma and temperature. Fruit aroma sensitive colorimetric chemosensor utilizing pH dye molecules is 

designed for the determination of apple ripeness. A temperature-response colorimetric sensor is fabricated 

by thermochroic materials base on the electron transfer between acceptor and donor. 
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Si quantum dots (QDs) capped with π-conjugated molecules (1-octene, phenylacetylene, and 1, 4-

diethynylbenzene) exhibit red-shift in ultraviolet-visible absorption and photoluminescence spectroscopy. 

In order to pioneer the electron transport properties of silicon (Si) quantum dot hybrid polymers, we 

investigated the electron transport properties of benzene molecule in silicon electrodes, based on 

nonequilibrium Green's function (NEGF) method. Colloidal 4-ethynylstyryl and octyl co-capping silicon 

quantum dot (4-Es/Oct Si QD) was synthesized and its spin-coated films were fabricated at three different  

curing temperatures, 150, 250, and 350 °C. The increase in their electrical conductivities is due to strong 

electronic coupling between adjacent QDs in the Si QD solids, inducing significant changes in the valence 

band photoemission feature and optical properties. The quantum-chemical calculations of the electronic 

coupling in π-conjugated molecule-bridged Si QD dimer were performed to investigate non-adiabatic 

electron transfer between the adjacent QDs in the QD solid. Si QD clusters were synthesized by Sonogashira 

C˗C coupling reaction between 4˗Es/Oct Si QD and 2,5˗dibromo˗3˗hexylthiophene. The Si QD clusters 

showed significant red-shift, indicating the strengthening of the electronic coupling after C˗C 

cross˗coupling reaction. 
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metal oxide nanoparticles 
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I will introduce the computational studies on fluorescent sensors, magnetic couplings in organic diradicals, 

and metal oxide nanoparticles. The fluorescent chemosensors have been played an important role in cell 

dynamics due to the high sensitivity. The working mechanism for the fluorescent sensors can be classified 

into two major groups, intramolecular charge transfer (ICT) and photo-induced electron transfer (PET). I 

will show representative examples for each case. Organic diradicals are considered the basic unit for organic 

magnetic materials. We investigated spin coupling interaction in simple organic diradicals, and tried to get 

a simple rule for the determination of ground spin state. Finally, we proposed a simple but useful rule to 

determine the ground spin state of diradicals without a full calculation. Finally, I will show you our recent 

studies on the influence of size and shape on the electronic structures of 0.5-3.2 nm diameter TiO2  

nanoparticles using density functional theory calculations. Our results generally confirm that that 

nanoparticle ground state and excited state electronic structure has a significantly more pronounced 

structure dependency than size dependency. Then, we track the optical and electronic band gap of a set of 

(TiO2)n nanoparticles ranging from small non-bulk-like clusters with n=4, 8 and 16, to larger nanoparticles 

with n=35 and 84 derived from cuts from the anatase bulk crystal structure. We also found that the enhanced 

catalytic activity of TiO2 nanoparticles by oxygen vacancy was due to the existence of singly occupied 

orbitals in between the HOMO and LUMO. We provide a predictive map of how the anatase-rutile level 

alignment varies from the smallest nanoparticles to the bulk. Our results predict that other level alignments 

which are less favorable for photocatalysis will emerge when the diameter of the TiO2 NPs is reduced below 

~15 nm. The exciton dynamics also shows important information on the catalytic activity. 
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Data driven modeling application: from ab initio to machine learning 
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Data analysis has become a very important research theme since 2010. In this presentation, we will report 

on how they are progressing from data acquisition to analysis and where we apply. Also we will show the 

results of applications from pure quantum chemistry to machine learning. 
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In order to apply artificial intelligence to find new materials and design new materials with specific 

properties, we developed artificial intelligence driven materials data platform. The platform provides open 

web-based access to use and analyze computational data sets and to predict properties of new materials. 

The platform provides four kinds of analysis tools such as crystal editor, phase diagram, battery explorer 

and reaction calculator. The platform also provides an AI predictor to make predict the properties of new 

materials. Currently the database contains over 200,000 calculated structures. 
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Prediction of structural phase in the composition of various transition metals is highly required, because 

the material properties are deeply related to the crystal structures [1]. In the early pioneering work of Skriver, 

the d-orbital occupancy, , has been suggested as a simple descriptor to predict the structural phase of 

transition metal composition in nonmagnetic ground state [2]. In this work, we use and (spin moment) as 

an descriptor to predict structural phase of transition metal including magnetic material. As a result, not just 

pure 3d, 4d, and 5d transition metals, but structural phases of 120 kinds of binary transition metals with  

various compositions are successfully predicted, and the structural phases are predicted by , effective 

number of d electron which involved in bonding. We confirm that can be used to predict the crystal structure 

of transition metal alloys under pressure and electron doping. Especially, predicted volume and pressure 

from are quantitatively agree with experimental value of pure transition metals [1] and FeCo alloy [3]. In 

addition, we suggest a simple descriptor to predict the structural phase of transition metal alloys as well as 

their magnetic properties.[1] V. Lota, J. H. P. Klepeis, and C. S. Yoo Appl. Phys. Lett. 90, 042505 (2007).[2 ] 

H. L. Skriver, Phys. Rev. B 31, 1909 (1985).[3] R. Torchio, et al., Phys. Rev. B 88, 184412 (2013). 
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The talk will be divided into two parts. Firstly, I will describe an algorithm that we have developed to 

generate (in silico) novel hetero-interpenetrated porous materials from a set of existing materials. The 

method has yielded thermodynamically stable MOFs that can possess synergetic properties for gas 

adsorption/separations as well as bifunctional materials. Second, I will describe an algorithm that uses deep 

learning to generate new porous materials in a property space (as opposed to materials space). This method 

can be used to determine the performance limitations of various applications, which in effect can be used 

to determine whether or not a material can exceed certain targets (e.g. CO2 capture amount, methane storage 

amount) required for commercialization. 
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Machine learning approaches become a new trend in computational chemistry recently as there is a constant 

need for more efficient and more accurate methods and machine learning methods are expected to be one 

of those methods. In principle, after training the machine with huge computational and/or experimental data, 

machine learning methods can be employed to solve various chemical problems. Here, we will present two 

applications of machine learning algorithms in predicting materials properties and calculating potential 

energies of chemical systems. In the first part, we will show a machine learning method reasonably predicts 

band gaps and formation energies of inorganic materials. Later, we will explain that the same machine 

learning technique can be utilized to calculate potential energies of molecules on a metal surface. During  

the presentation, we will briefly discuss the performance of established machine learning approaches. 
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Resonance for Molecular Detection 
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Nobel metal nanoparticles with different sizes and shapes have attracted a great deal of recent interest due 

to their unique optical properties as a result of localized surface plasmon resonances (LSPR) which 

produces a strong optical extinction which can be tuned throughout the visible and near-infrared  

wavelengths. The LSPR of plasmonic nanoparticles can serve as potential sensor substrates for the label-

free sensing of a range of targets. It has also been shown that near-field enhancements at the sharp plasmonic 

edges and strengthening of inter-particle optical coupling, critical for signal enhancement can be observed 

due to LSPR. We have fabricated substrates coated with these particles, and used their dielectric sensitivity 

to create an optical refractive index sensor based on a spectral extinction measurement and show that gold 

nanorods and bipyramids can be used as a label-free immunoassay for biological sensing. Also, a surfactant 

cetyltrimethylammonium bromide (CTAB) directs the synthesis of plasmonic gold nanoparticles to produce 

monodisperse nanoparticle shapes from small gold seed particles. The nature of the CTAB layer is therefore 

of considerable interest, since it is the key to understanding CTAB directed synthesis. Therefore, we use 

surface enhanced Raman spectroscopy (SERS) to probe the structure of the CTAB bilayer on gold nanorod. 

Lastly, hot electron injection into an exceptionally high mobility material can be realized in carbon–

plasmonic hybrid nanosystems, which can be exploited for several front-edge applications including 

photovoltaics and molecular sensing at trace levels. Here, SERS-active substrates with plasmonic-carbon 

hybrid nanostructures for molecular detections will be also discussed. 
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In this presentation, I introduce plasmon based nanoscale sampling methods to break a diffraction limit  

with nanostructures in total internal reflection fluorescence (TIRF) microscopy. Various fluorescent 

molecular targets, such as adenovirus, microtubules and proteins, were used to measure the imaging 

resolution for a broad application. Significant resolution improvements were achieved down to 70 nm 

imaging resolution without fundamental deviation from a conventional TIRF microscope. I compared those 

performances to an extraordinary transmission based axial imaging (EOT-AIM) technique using linear 

nanoaperture arrays. EOT-AIM uses linear arrays of nanoapertures, each of which samples target 

fluorescence up to a preset axial distance from surface, in combination with wide-field microscopy for 

acquisition of lateral images. A current design of nanoapertures provides EOT-AIM with axial super-

resolution that is as small as 20 nm for a depth range of 500 nm. Experiments were performed for the 

measurement of axial distribution of intracellular cholera toxin subunit B molecules within mouse 

macrophage (RAW264.7) cells. The results were successfully confirmed with conventional confocal and 

total internal reflection fluorescence microscopy. Eventually, a merged plasmon based super resolution 

imaging platform was explored to analyze molecular events with nanoscale. 
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Thin film coloration and their sensing applications 
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Recently, highly absorbing dielectric films as optical coatings have been studied. By combining metals with  

highly absorbing dielectrics, strong optical interference can be obtained with a non-trivial phase change of 

the reflected waves. This effect allows the thickness of the coating layer to be remarkably reduced as 

compared to that of the conventional coating layer. With these properties, resonance behavior with  

structural color is observed in the structure composed of an ultra-thin absorbing medium on a metal 

substrate. In this presentation, we present theoretical modeling and experimental results on the ultra-thin 

film colorations and the possibilities for sensing applications. 
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Frequency comb referenced phase spectroscopy measuresplasmonic 

dynamics with picometre precision 
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Plasmonics can elaborate the interactions between photons and target chemical, biological, or atomic 

species. Plasmonic metrology is primarily based on the spectral shift of the scattering intensity spectrum; 

however, the use of colorimetric intensity measurements ultimately limits the resolution, detection speed, 

and linearity of plasmonic sensors. In this paper, we demonstrate the first use of a frequency comb to 

provide high speed, high precision, and high linearity to plasmonic rulers, with direct traceability to a time 

standard. The sub-nanometre 1.94 Å dynamic motion of nano-holes was measured with an unprecedented 

1.67 pm resolution, which implies the realization of a fast and robust picometre-precision plasmonic ruler. 

Plasmonic field propagation here enhanced interactions by a factor of 155 compared to the physical sample 

length, which will provide an utmost precision to plasmonic phase spectroscopy for in-depth understanding 

of the dynamic motions of physical, chemical, and biological samples in nanoscopic volumes. 
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The nanoparticles embedded bioorthogonal catalysts for the 

intracellular imaging 
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Chemical/biological information from intracellular imaging has accelerated the improvement of medical 

science and industry. The intracellular imaging through the direct delivery of organic dyes are challenging 

due to their photo-bleaching issue, short life-time, weak signaling. We have fabricated the biorthogonal 

catalytic system that can be generating the fluorescence dye intracellularly. This system is based on the 

water-soluble nanoparticles embedded the hydrophobic transition metal catalysts in their ligand shell. Also, 

the catalytic activity of the system can be regulated by controlling the binding between the nanoparticle and 

host molecules. The intracellular catalytic systems were used for imaging triggered cleavage of 

allylcarbamates for pro-fluorophore activation. The universal usage of this system will be applied not only 

intracellular imaging, but also diagnostics and therapeutics. 
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Structural characterization of amyloid protein complexes using 

solution SAXS and ESI-IM-MS 
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Various amyloid proteins (e.g. amyloid-β (Aβ) and α-Synuclein (αSyn)) self-assemble to β-sheet rich, 

fibrillar aggregates. The formation of Aβ and αSyn fibrils has been linked to the onset and progress of 

Alzheimer’s disease (AD) and Parkinson’s disease (PD). It has been suggested that diverse biomolecules 

are involved in the structural transition of Aβ and αSyn, thereby suppressing or promoting the amyloid self-

assembly. However, their molecular mechanism and impacts on cell environment are unclear yet. Thus, 

unraveling the role of biomolecules in Aβ and αSyn structures is the primary step forward understanding 

the pathologies of AD and PD. In this seminar, I will discuss two examples: human serum albumin (HSA)–

Aβ and αSyn–Cu(II) complexes. Firstly, the quantitative structural analysis of two complexes will be 

presented using small-angle X-ray scattering (SAXS) and ion mobility-mass spectrometry (IM-MS). Then, 

the molecular mechanism of the amyloid self-assembly by these complexes and its impact on cell responses 

will be further discussed. 
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Environmental Petroleomics: Working toward Comprehensive 

Understanding of Fate and Environmental Influence of Spilled Oil (환

경-석유학: 유출된 기름의 분석 및 환경적인 영향 규명) 

 

Sunghwan Kim 

 
Department of Chemistry, Kyungpook National University, Korea 

  

Since the outbreak of MT Hebei Spirit oil spill accident on 2007, there have been continuous effort to 

understand the fate of spilled oil in Korea. Recently, there is lot of environmental concerns at previous 

Yongsan American Army Base for the spilled oil contamination. Environmental Energy Mass Spectrometry 

Laboratory (EEMSLab) at Kyungpook National University has been working to understand the fate and 

environmental influence of spilled oils for the last ten years in collaboration with Korea Institute of Ocean 

Science & Technology and United States Geological Survey. Through the collaboration, chemists, ocean 

scientists, biologists and geologist worked together to achieve the goal. Oil spill contamination in the 

coastal area and ground water have been studied. Analytical techniques utilizing ultrahigh resolution mass 

spectrometry, ion mobility mass spectrometry, and paper spray chemical ionization have been developed 

and applied. In this presentation, the studies that has been performed for the last 10 years will be reviewed  

and future prospect on Environmental Petroleomics will be given.2007 년 MT Hebei Spirit 기름 유출 

사건이 발생한 이래로 유출 된 석유의 환경적인 영향을 이해하기 위한 노력이 대한민국에서  

지속되어 왔습니다. 최근에는 이전된 용산 미군 기지 부지 유류 오염에 의한 환경 평가가  

큰 관심을 받고 있습니다. 경북 대학교의 환경 에너지 질량 분석기 (EEMSLab)에서는 지난 

10 년간 한국 해양 과학 기술원 및 미국 지질 조사국과 공동으로 유출 된 기름의 환경적  

영향을 이해하기 위해 노력해 왔습니다. 협력을 통해 화학자, 해양 과학자, 생물 학자 및 

지질 학자가 함께 공동 연구를 진행하였습니다. 이를 통하여 해안 지역과 지하수에서의  

기름 유출 오염의 영향이 연구되었습니다. 초고분해 질량 분석법, 이온 이동도 질량 분석법  

및 종이 분무 화학 이온화를 이용한 분석 기술이 개발되고 적용되었습니다. 이 프리젠  



테이션에서는 지난 10 년간 수행 된 연구가 검토되고 환경 석유학에 대한 미래 전망이 제시 

될 것입니다. 
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The simple and familiar way to measure the size and mass of metal 

nanoparticles in environmental samples 
 

BYUNG-TAE LEE 
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The management of hazardous substances is based on the risk assessment for ecology including human. 

Exposure assessment is an important process for both risk assessment and environmental management  

policy. It depends on the physical and chemical characterization which enables their qualitative and 

quantitative exposure and behaviors in environment. Nanomaterials(NMs) have been proven to be harmfu l 

to the ecosystem by cell membrane breakdown and DNA modification. Single particle inductively coupled 

plasma mass spectrometry (spICP-MS) is the one of promising technique that has the potential to 

determined particle size, number concentration, and aggregataion state in environmental samples at 

environmentally relevant low concentrations(ng/L). The samples containing nanoparticles were analyzed 

by spICP-MS and provided their size and number-based concentration. It was successfully applied to 

predict their aggregation structure in water samples. The mass of an aggregates measured by spICP-MS 

converted to the number of the primary(single) nanoparticle in an aggregates. The dispersed nanoparticles 

in the environmental waters (e.g., municipal waste waters) and biological tissues (e.g., Daphnia) were also 

determined by measuring mass concentrations and nano range sizes. 
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Elimination of organic contaminants during oxidative and 

photochemical water treatment processes: structural transformation 
and biological activity change 
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Oxidation processes such as chlorination, ozonation, and advanced (photochemical)oxidation processes 

(UV and radical based processes) are widely applied in drinking water treatment for the purpose of 

disinfection and oxidation of micropollutants. Oxidation processes have also received increasing attention 

as a promising technology for enhanced wastewater treatment to eliminate various micropollutants and 

more recently to inactivate antibiotic resistant bacteria and genes. The efficiency of oxidation process for 

treating target contaminants (micropollutants, pathogens, or resistant genes) depends on (1) the reactivity 

of an oxidant with a target contaminant, (2) the dosage of an oxidant and the stability of an oxidant in a 

given water matrix, (3) the removal of undesirable effects of a target contaminant. In this seminar, recent 

advances in applications of oxidation technologies for eliminating organic contaminants during water 

treatment are presented with a focus on identifying transformation products and pathways, and assessment 

of biological activity (e.g., toxicity) changes. Needs for more active use of principle-based approaches (e.g., 

reaction pathway model, quantitative toxicological model, biodegradability model) and advanced analytical 

tools (e.g., high-resolution mass spectrometry, bioanalytical methods, in silico prediction methods) for 

determining the overall process efficiency will be discussed. 
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Cucurbituril Functionalized Organic Transistor Sensors for Drug 

Detection and Environmental Monitoring 
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Sensors based on organic field-effect transistors (OFETs) show great promise as chemical or biological 

sensors because they have a number of advantages, including high sensitivity, low cost, simple fabrication, 

fast response, and flexible applications. However, pristine OFET-based sensors typically exhibit low 

selectivity because of the lack of recognition units. Therefore, highly selective detection with OFET based 

sensors often requires chemical modification of specific receptors on the electroactive layer to selectively 

capture target analytes. Cucurbit[n]urils (CB[n]s), synthetic macrocyclic host molecules with n glycol units, 

have unique recognition properties and can be used for the detection of various analytes including 

amphetamine-type stimulants and endocrine disruptors. Here, a strategy that synergistically combines the 

selectivity of host-guest chemistry of CBs and the sensitivity of OFETs will be presneted. Furthermore, a 

portable and miniaturized sensor with a wireless communication system that could be utilized for rapid 

point-of-use detection of analyte will be demonstrated. These works provide a low-cost, simple, and viable 

methodology for the fabrication of highly sensitive and selective sensors, and may open an avenue to new 

opportunities to replace current detection methods. 
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Determination of structures and local heterogeneities of protein 

complexes using single particle cryo-electron microscopy 
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Single particle cryo-electron microscopy (cryo-EM) allows not only for near-atomic structure 

determination of large protein complexes preserved in vitreous ice, but recently it was shown to provide a 

solution for the structure determination of inherently heterogeneous protein molecules via segregation of 

conformational variation into a set of 3D classes. In general workflow of cryo-EM image processing, 3D 

classification is employed for the selection of the dataset that belong in the best 3D class, followed by final 

3D reconstruction through iterative refinements. However, image processing of structurally heterogeneous 

protein complexes requires a series of 3D classification both pre- and post-refinement in a hierarchical 

manner, as well as the detection of local disorder that are resolved by focused refinement. Here we describe 

the application of such workflow that effectively resolved structural heterogeneity of RNA polymerase 

(RNAP) from Thermococcus kodakarensis. Cryo-EM structures of RNAP in its apo form and in complex 

with transcription factor E (TFE), both at approximately 4Å resolution, demonstrates concerted disposition 

of subunits that corresponds to stalk and clamp region upon binding of TFE. In addition, focused refinement  

revealed secondary structure arrangements at the binding interface between RNAP and TFE. This local 

movement is deemed to provide accessibility to DNA at cleft region hence allowing for the formation of 

preinitiation complex. 
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Go hybrid : Single particle EM and X-ray crystallography for 

macromolecular protein complex 
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Transmission Electron Microscopy (TEM) has long been utilized in the various research fields including 

material science, nanotechnology and semiconductor research as well as biology and medical science. 

Recently, single-particle EM has emerged as a mainstream structural biological technique, enabling 

structure determination of large protein complexes to atomic or near-atomic resolution. The current success 

of single-particle EM has been led by advances in microscope design, cryogenic sample preparation, image 

processing software, fast and high sensitive detector as well as automatic data acquisition. However, some 

protein complexes are intrinsically difficult to reach the high-resolution by single-particle cryoEM. 

Therefore, in those cases, a hybrid approach (X-ray crystallography, single-particle EM and Single 

Molecule Fluorescence analysis etc) is the only way to go. Here, I will introduce several examples of hybrid 

approaches that can reveal the molecular mechanism of dynamic protein interactions (Lipopolysaccharide 

transfer mechanism for innate immune response and synaptic adhesion complex for synaptogenesis) as well 

as a high-resolution cryoEM structure that was utilized to design protein scaffolds for drug delivery. 
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High-resolution Optical Tissue Imaging for Biology and Medicine 

 

Ki Hean Kim 

 
Mech. Eng./ Integrative Biosci. & Biotech, Pohang University of Science and Technology, Korea 

  

High-resolution optical tissue imaging techniques are to provide information of tissues at the molecular, 

cellular, and physiological levels, and have been developed for in vivo studies in biology and for diagnostic 

or surgical guides in several medical fields. We have been working on two high-resolution optical tissue 

imaging techniques, multi-photon microscopy (MPM) and optical coherence tomography (OCT). MPM is 

a 3D fluorescence microscopy technique based on multiphoton excitation of fluorophores, and it has been 

used for in vivo deep tissue imaging in the molecular, cellular levels by using long excitation wavelengths 

compared to single-photon microscopy techniques. OCT is a 3D imaging technique based on light back-

reflection from the tissue, and has been used as a non-invasive diagnostic imaging method for clinical 

applications. We used MPM for the in vivo imaging of various tissues such as the cornea, skin, brain, and 

intestine, targeting either basic biological studies or potential clinical applications. A clinically compatible 

cell contrast agent has been tested for clinical applications of MPM. A combined two-photon and coherent 

anti-Stokes Raman scattering (CARS) microscopy has been developed for brain tumor delineation. Several 

techniques based on multi-functional OCT providing information of tissue structure, birefringence, and 

vasculature has been developed and utilized. Dark-field multi-functional OCT and its combination with  

dermoscopy have been developed for potential dermatological applications. Studies of these optical tissue 

imaging techniques will be presented and discussed in detail. 
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Two-Photon Fluorescent Probes for Quantitative Imaging and 

Biomedical Applications 
 

Hwan Myung Kim 
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Among the molecular imaging techniques, two-photon microscopy (TPM) has been adopted as a powerful 

tool for biomedical studies. TPM offers several advantages, including inherent sectioning capability, low 

photodamage, longer observation times, and greater tissue penetration depth. To facilitate the use of TPM, 

there is a strong need to develop a variety of sensitive two-photon probes. In this talk, ratiometric two-

photon probes for direct, quantitative imaging of enzyme activity and hydrogen polysulfide, and their 

biomedical applications will be presented. 
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Watching single endogenous mRNA in neurons in vivo 
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I will present how we could begin to understand single molecule biophysics of gene expression in live 

mammalian cells and tissues. The dynamics of mRNA - the synthesis, transport, and degradation - plays 

significant roles in a variety of neuronal processes. Abnormal mRNA processing and transport are 

implicated in neurological disorders such as autism and Alzheimer’s disease. However, understanding the 

mechanistic roles of RNA dynamics has been hampered by the lack of techniques to observe the 

endogenous molecules in the native tissue environment. Here I will describe a novel systems approach, 

combining single-particle tracking, genetic engineering, and intravital microscopy. Using this technique, 

we found that multiple β-actin mRNAs assemble together, travel by active transport, and disassemble upon 

KCl depolarization in cultured neurons. Two-photon imaging of live brain tissues revealed immediate-early  

induction of β-actin transcription after neuronal stimulation. The technology as demonstrated in our work, 

including the transgenic strategy and high-resolution microscopy of living tissue, could be applied to other 

genes to gain insights into the dynamic regulation of gene expression within the cellular and tissue 

microenvironment. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: BIO2-2 

Area: Special Session: Meet the Awardees of Samsung Research Funding in Life Chemistry 

Type: Symposium, Time: THU 17:20, Chair: Young-Tae Chang 

 

 
Single-protein tracking for direct observation of cellular process in a 

living cell 
 

Nam Ki Lee  
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Recent advances in single-molecule fluorescence microscope techniques have allowed single-molecule 

sensitivity to probe various protein-DNA interactions, their structural changes, and fundamental cellular 

processes in a living cell. Transcription, a process of mRNA generation by RNA polymerase (RNAP), is 

highly coupled with translation by ribosome in bacteria. The effect of the transcription-translation coupling 

on the transcriptional dynamics and the localization of genes in a living cell is poorly understood. Here, we 

directly observe the dynamics of transcription and the movement of the subcellular localization of genes 

actively transcribed by RNAP in living cells at the sub-diffraction limit resolution. The subcellular 

localizations of the non-membrane protein’ genes, actively transcribed by RNAPs, move toward outside 

nucleoid or to plasma membrane by the effect of translation by ribosome. The movement of genes by 

transcription-translation coupling is general for both E. coli RNAP and T7 RNAP. Our observation 

demonstrates how two spatially separated processes of transcription and translation are coupled in bacteria 

and the movement of genes by the cooperation between transcription and translation plays a crucial role in 

the effective expression of genes in E. coli. 
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Introduction to the Research Grant of Samsung Science and 

Technology Foundation 1 
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TBA 
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Introduction to the Research Grant of Samsung Science and 

Technology Foundation 2 
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TBA 
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Brain cytoplasmic 200 RNA in cancer cells 
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Brain cytoplasmic 200 RNA (BC200 RNA), a neuron-specific non-coding RNA, is also highly expressed 

in a number of tumors of non-neuronal origin. BC200 RNA is known to contribute to metastasis in several 

cancer cell lines, but the underlying mechanisms were not understood in detail. Furthermore, the 

biosynthesis of BC200 RNA remains poorly understood. We identified hnRNP E1 and hnRNP E2 as BC200 

RNA-interacting proteins and found that these hnRNA proteins could restore translation inhibited by 

BC200 RNA in vitro. When BC200 RNA was knock-downed, cell migration and invasion were reduced, 

suggesting that BC200 RNA promotes cell motility. We obtained, from an antigen binding fragment (Fab) 

combinatorial phage library, a high affinity anti-BC200 RNA antibody that can be used for analysis of the 

RNA conformation in cells. Using this antibody, we found that BC200 RNA exists as two distinct forms  

(antibody-recognizable and nonrecognizable) in cancer cells and that their distribution depends on the cell 

type. We also analyzed biosynthesis of BC200 RNA. Efficient transcription of BC200 RNA requires both 

internal and upstream promoter elements. The cellular levels and half-lives of BC200 RNA were found to 

differ across various cancer cell types. BC200 RNA might be protected by some limiting factor(s) in cancer 

cells. 
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Micrometric Iron Men 
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Nature has developed a fascinating strategy of cryptobiosis for counteracting the stressful, and often lethal, 

environmental conditions. For example, certain bacteria sporulate to transform from a metabolically active, 

vegetative state to an ametabolic endospore state. The bacterial endospores, encased within tough 

biomolecular shells, withstand the extremes of harmful stressors, such as radiation, desiccation, and 

malnutrition, for extended periods of time and return to a vegetative state by breaking their protective shells 

apart when their environment becomes hospitable for living. Inspired by cryptobiosis found in nature, 

researchers have sought to chemically control and tailor the metabolic behaviors of non-spore-forming cells 

as well as enhancing their viability against adverse environmental conditions, by forming thin (< 100 nm), 

tough artificial shells. These living “cell-in-shell” structures, called artificial spores, enable chemical 

control of cell division, protection against physical and chemical stresses, and cell-surface 

functionalizability, armed with exogenous properties that are not innate to the cells but are introduced 

chemically. The field has further advanced to the stage of chemical sporulation and germination, where 

cytoprotective shells are formed on living cells and broken apart on demand. The (degradable) cell-in-shell 

hybrids are anticipated to find their applications in various biomedical and bionanotechnological areas, 

such as cytotherapeutics, high-throughput screening, sensors, and biocatalysis, as well as providing a 

versatile research platform for single-cell biology. In this sense, the artificial spore can be considered as a 

micrometric Iron Man: what is important is not the shell but the cell inside the shell. 
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Modulation of proteolysis as an antibiotic strategy 
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Growing antibiotic resistance demands a new strategy for development of antibiotics. Majority of current 

antibiotics kill fast-growing bacteria, but show limited effects on a persistent form of bacteria and frequently 

induce resistance. Protease activators have recently shown to efficiently remove persister cells by 

uncontrolled proteolysis. Here we explore the activity modulation of a highly conserved periplasmic 

protease, DegP, as a new antibiotic strategy. Previously, we showed that a mutant form of a small 

lipoprotein, Lpp(+Leu), which contains an additional leucine at C-terminus, suppressed the lethality of a 

hyper-active DegP variant, DegP(R207P/Y444A), putatively by inhibiting its activity. Selection of mutant 

variants reveals that the C-terminal hydrophobic residue is critical for the suppression effect. Surprisingly, 

Lpp(+Leu) allosterically activates the wild-type DegP at lower concentrations and enhances the substrate 

affinity. Expression of Lpp(+Leu) in cells reduces the growth fitness at heat-shock stress, indicating that 

the disruption of the proteolytic balance can inhibit the bacterial growth. We also show that peptide-based 

tripodal compounds which mimic the C-terminal region of the Lpp(+Leu) trimer can similarly modulate 

the DegP activity and have the growth inhibition effect. Therefore, we suggest that the tripodal structure 

with three hydrophobic ends is a novel platform for allosteric effects of DegP or its homologous HtrA 

proteases, and may be useful in developing new antibiotics. 
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Combination of viral gene delivery with smart fibrous matrices for 

gene and cell therapy applications 
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Gene delivery has emerged as a powerful strategy for the treatment of a variety of human diseases, such as 

inherited or acquired genetic diseases, numerous cancers, and tissue loss/organ failures. A number of 

challenges associated with gene delivery – such as the spread of vectors to distant sites and inefficien t  

delivery to some non-permissive cell types – have continuously emphasized the need for significant 

advancement in developing safe and efficient gene delivery systems. Electrospun nanofibers have been 

extensively explored as spatial templates that can retain cellular morphologies and deliver biomolecules  

efficiently toward target cell types. Encapsulation or immobilization of gene vectors within or onto 

electrospun nanofibers can enhance gene delivery through providing locally controlled release and 

maintaining its activity. Importantly, due to the ease of tuning structural variations of electrospun nanofibers, 

their capability to mediate controlled and sustained gene delivery has been recognized as the most 

representative feature of electrospun nanofibers compared to the other existing polymeric gene delivery 

templates. As a potential gene carrier candidate, the features of adeno-associated viral (AAV) vectors, 

which have been broadly used in many gene/cell therapy applications due to their safety and efficacy, will 

be primarily discussed. Several powerful tools to create de novo bio-inspired nanoparticles (i.e., AAV 

vectors) formulated with biomaterials for enhancing the capabilities of gene delivery will be introduced. 
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Molecular genetic insights of a pleiotropic neuropeptide myoinhbitory 

peptide 
 

Young-Joon Kim 

 
School of Life Sciences, Gwangju Institute of Science and Technology, Korea 

  

The neuropeptide represents the most ancient type of signaling molecules, critical for intercellular 

communications underlying a plethora of biological processes. Here, I discuss a series of our studies using 

Drosophila melanogaster, a genetically amendable animal model, which together uncover molecular and 

neural mechanisms underlying the functional pleiotropy of a neuropeptide myoinhibitory peptide (MIP). 

We discovered that MIP regulates at least three distinct biological processes; sleep, feeding, and mating. 

We showed earlier that MIP is a potent ligand for the sex peptide receptor (SPR), which initially identified  

as a receptor for sex peptide (SP), the seminal protein evoking the post-mating responses in females. Unlike 

SP, MIP is not involved in the post-mating responses. Instead, both MIP and SPR are critical for 

consolidating the sleep state. We also uncovered MIP signal is crucial for the satiety. Mip mutant is hardly 

satiated after feeding and become obese. Unlike sleep behavior, however, SPR seems not involved in the 

MIP-dependent satiety responses, suggesting that MIP signals through a receptor(s) other than SPR. Lastly 

and the most recently, we have shown that Mip promotes mating receptivity both in virgins and mated 

females, again SPR-independently. We mapped each of these biological functions to three distinct groups 

of MIP neurons, respectively. We propose that a pleiotropic neuropeptide regulates multiple functions via 

distinct receptors. 
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Solutions to problems that are posed by organic, medicinal, biological and material science, demand 

synthetic innovation with efficient synthetic routes. Our current research is focused on studying 

breakthrough knowledge in catalytic synthetic methods and molecular design that have high impact on 

broader scientific fields. The state-of-the-art of approach can be seen using systematic experimental and 

theoretical methods from three steps: (1) development of innovative synthetic methods that allow rapid 

access to molecular complexity and structural diversity of privileged fragments, (2) fragment-based drug 

design (FBDD) and de novo design methods connecting privileged building blocks, (3) development of 

potent and selective inhibitors based on understanding the mechanisms at the molecular level. The selective 

C–H bond functionalization has become the favored reaction methods in practical synthetic processes. The 

new catalytic synthetic methods allow us to perform the unprecedented disconnection of target molecules, 

affording innovative and imaginative synthetic strategies of so-called “privileged scaffolds”. The power 

and efficiency of direct C–H functionalization could be further enhanced by combining such catalytic 

transformations into a one-pot process, which is highly desirable by providing a powerful platform for 

constructing complicated key motifs from simple starting materials. Subsequent medicinal chemistry 

studies involving a modular approach and privileged fragments assembly, will provide bases for the 

development of pharmaceutical agents via structure-based design. The new catalytic synthetic methods will 

function as competent tools directly utilized in cross coupling reactions capable of connecting privileged 

building blocks, providing opportunities for the successful implementation of fragment-based drug design 

(FBDD) and eventually streamline drug discovery research. 
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Photoreodx Catalyzed Multicomponent Reactions of Carbon-Carbon 
Multiple Bonds: Synthesis of Trifluoromethyl Incorporated Molecules 
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We developed multicomponent reactions of carbon-carbons multiple bonds for the synthesis of 

trifluoromehtyl incorporated molecules. It is difficult to synthesize to make such compounds with  

conventional methods. Mild reaction conditions utilizing photoredox catalysis enable to generate the CF3 

containing complex molecules. The CF3 incorporated radical intermediates can be used for further coupling 

with other nucleophiles. With this platform in hands, various type of reactions are developed. In addition, 

biologically active compounds were applied under the condition to obtain desired products, suggesting that 

the method could be feasible for late-stage modification in drug discovery.References1. Han, H. S.; Lee, Y. 

J.;Jung, Y. –S. Han; S. B. Org. Lett. 2017, 19, 1962.2. An, W.; Ha, N.; Lee, H. M.; Malpani, Y. R.; Lee, 

D.-H.; Jung, Y.-S.; Han; S. B. Adv. Synth. Catal., 2015, 357, 3949.3. Oh, S. H.; Malpani, Y. R.; Ha, N.; 

Jung, Y.-S.; Han; S. B. Org. Lett. 2014, 16, 1310. 



 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN1-3 

Area: Current Trends in Organic Chemistry I: New Reactions and Methodology 

Type: Symposium, Time: THU 16:35, Chair: Seung Hwan Cho 

 

 
Heterogeneous and Homogeneous Catalysis in Organic Synthesis 

 

Jung Woon Yang 

 
Department of Energy Science, Sungkyunkwan University, Korea 

  

Catalysis and catalyst design are very attractive research areas, which have contributed to both fundamental 

studies and applied aspects of synthetic organic chemistry. Traditionally, the field of catalysis can be 

divided into two areas - heterogeneous and homogeneous catalysis. In this presentation, I will present recent 

work on chemoselective oxidation of alcohol and its application to a variant of the Knoevenagel 

condensation reaction utilizing graphene oxide as heterogeneous carbocatalyst as well as the synthesis of 

mixed monosilyl acetal and its application to homogeneous catalyst-dependent chemoselective Mukaiyama 

aldol reaction. 
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Efficient Synthetic Methods of N-Heterocyclic Compounds via Non-

classical Cycloadditions 
 

Eun Jeong Yoo 

 
Department of Chemistry, Kangwon National University, Korea 

  

N-heterocycle-containing molecules are extensively studied for synthesis and their applications not only in 

medicinal chemistry but also in optics, electronics, and material sciences. Therefore, in the last decade, 

considerable efforts have been performed in designing and carrying out innovative synthetic tools in 

heterocyclic chemistry. However, the modification of structurally complex compounds requires selective 

recognition of subtle steric and electronic differences between potential reactive sites and is therefore very 

difficult.Dipolar cycloaddition is a powerful and widely used strategy for synthesizing heterocyclic 

compounds in a single operation without giving rise to byproducts. However, most studies of cycloadditions 

have mainly focused on [3+2]-dipolar cycloaddition for the formation of five-membered ring systems, 

while scarce attention has been focused on the development of higher-order dipolar cycloadditions for the 

construction of medium-sized or fused heterocycles. In this presentation, the site-selective dipolar 

cycloaddition between N-heteroaromatic zwitterions and dipolar species, which is extraordinary tools for 

the formations of fused N-heterocyclic compounds, will be present. To the best of our knowledge, the 

developed reaction is the first example of site-divergent selectivity in the dipolar cycloadditions. 
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The Key Reaction Catalyzed by A Cobalamin-Dependent Radical SAM 

Enzyme in Oxetanocin-A Biosynthesis 
 

Hung-wen Liu 

 
Division of Chemical Biology and Medicinal Chemistry, College of Pharmacy, and Department of 

Chemistry, The University of Texas at Austin, United States 

  

Radical S-adenosyl-L-methionine (SAM) enzymes contain [4Fe-4S] clusters that act to reductively cleave 

SAM and produce highly reactive 5'-deoxyadenosyl radical (5'-dAdo•) species. Abstraction of a hydrogen 

atom from the substrate by 5'-dAdo• initiates subsequent chemical transformations. With over 7,000 radical 

SAM enzymes now annotated as cobalamin-dependent, these dual cofactor enzymes are emerging as a new 

superfamily. Many members are believed to catalyze methylation reactions; however, some others are 

hypothesized to catalyze complex, radical-mediated rearrangements in which the functions of the SAM and 

cobalamin (Cbl) cofactors remain enigmatic.Oxetanocin A (OXT-A) is a nucleoside antibiotic produced by 

Bacillus megaterium NK 84-0218 and possesses an unusual oxetane sugar attached to adenine. The oxetane 

sugar ring is rare among natural products and is of particular interest for biosynthetic study due to its highly 

strained, four-membered ring. Through study of the OXT-A biosynthetic pathway, we have identified a 

Cbl-dependent radical SAM enzyme, OxsB, which catalyzes an oxidative ring contraction resulting in an 

aldehyde intermediate. Genetic experiments were carried out to show that OxsB and an HD-domain  

phosphohydrolase OxsA are both indispensable for the production of OXT-A. The enzymatic products of 

coupled OxsB and OxsA activity were fully characterized. Furthermore, two alcohol dehydrogenases from 

B. megaterium were also shown to be able to reduce the aldehyde intermediate to the corresponding alcohol. 

In addition, labeled substrates were prepared to study the stereospecificity of hydrogen atom abstraction. 

Finally, the crystal structure of OxsB was solved and represents the first structural characterization of a 

member of this superfamily. 
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Recent Progress on Activatable Photosensitizers and Fluorescent 

Probes 
 

Juyoung Yoon 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Switchable phototheranostic nanomaterials are of particular interest for specific biosensing, high-quality 

imaging, and targeted therapy in the field of precision nanomedicine.1 Here, we develop a “one-for-all”  

nanomaterial that self-assembles from flexible and versatile phthalocyanine building blocks. The 

nanostructured phthalocyanine assemblies (NanoPcTBs) display intrinsically unique photothermal and 

photoacoustic properties.2 Fluorescence and reactive oxygen species (ROS) generation can be triggered 

depending on a targeted, protein-induced, partial disassembly mechanism, which creates opportunities for 

low-background fluorescence imaging and activatable photodynamic therapy (PDT). We also recently 

reported a facile strategy to directly assemble a phthalocyanine photosensitizer (PcS) with an anticancer 

drug mitoxantrone (MA) to form uniform nanostructures (PcS-MA), which not only display nanoscale 

optical properties but also have the capability of undergoing nucleic acid-responsive disassembly.3 

Fluorescence is an important detection method due to its simplicity and high detection limit. Recent 

progress from our group on the fluorescent probes for HOCl.4,5 and phosgene6 will be also presented. 
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Organic molecules for nano- and quantum materials 

 

Hyo Jae Yoon 

 
Department of Chemistry, Korea University, Korea 

  

Multidisciplinary research at the interface with organic chemistry allows one to take advantage of bottom-

up structural control for functional materials at the atomic level. Such an advantage brings direct benefit to 

study of molecular-scale electronic devices. This presentation will introduce an interesting nanoscale 

platform applicable to fundamental understanding of charge transport across organic molecules. The target 

platform is based on electrode/molecule/electrode junction structure. This is a type of structurally 

complicated nanoscale device, which often shows complexities arising from ill-defined molecule-electrode 

interface and from complicated molecular structure on surface. This presentation will describe our recent 

effort to resolve this problem using high-yielding and well-defined large-area junctions formed with  

molecular monolayers and liquid metal top-electrode. This junction system enables how structure of organic 

molecule is related to quantum tunneling-based charge transport across it. While presenting recent 

understanding of tunneling through various types of functional organic molecules, we try to reconcile our 

results with previously reported experimental and theoretical ones. 
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Tandem / Cascade Olefin Polymerization 
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Olefin metathesis provides a versatile synthetic method to produce small, medium and large molecules. 

Over the past two decades, wide ranges of the molecules have been prepared by various types of olefin  

metathesis, such as cross metathesis (CM), ring-closing metathesis (RCM), ring-opening metathesis (ROM) 

reactions. For polymerization, simple polymerization using one of three mechanisms has been a dominant 

method to produce polymers with rather simple structures. This is because combining more than two 

different methods into one polymerization fails to give polymers with well-defined structures due to lack 

of selectivity or control. Here, we demonstrate our recent efforts for developing polymerization  

methodologies to promote cascade or tandem reactions. This allows us to prepare polymers with more 

complex structures but still with great selectivity and control. Also, we demonstrate how lessons from 

organic chemistry can work to improve polymerization. 
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The Characteristics of Foldectures with Heteroatoms 
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Foldectures are a new class of crystalline peptidic material with unprecedented topological complexity  

derived from the rapid and non-equilibrium aqueous phase self-assembly of foldamers. We have opted to 

use trans-2-aminocyclopentanecarboxylic acid(ACPC) and/or 2-aminoisobutyric acid(Aib) as basic 

building blocks for initial exploration of the self-assembly. If the necessary functional groups were 

displayed on the specific facets of a well-defined structural framework with spatial periodicity, this 

“functionalized foldecture” would serve as a core material ready for further structural elaboration or could 

be employed as a huge protein-like catalyst. In this talk, our recent efforts in this research direction will be 

discussed. 
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The dual problems of activation of thermodynamically stable precursors and their stereoselective 

incorporation into other prochiral molecules pose unmet challenges, solutions of which may have broader 

implications in homogeneous catalysis, and, at a practical level, how we synthesize/manufacture chemical 

intermediates. In this context, we have discovered new protocols for nearly quantitative and highly selective 

codimerization of functionalized 1,3-dienes and other alkenes including ethylene and alkyl acrylates. This 

talk will deal with how the limitations of a highly enantioselctive nickel-catalyzed alkene 

heterodimerization reaction1 were overcome through the systematic development of new catalysts and 

optimized reaction conditions. Various strategies for stereochemical control in enantioselective reactions 

of 1,3-dienes using Co-catalysts will be discussed.2-4 Carefully tailored cobalt catalysts also enable highly 

enantioselective tandem [2+2| cycloaddition followed by hydrovinylation of enynes for the synthesis of 

densely functionalized cyclobutanes. The latest generation of catalysts appear to be broadly applicable for 

highly selective C-C and C-Si bond-forming reactions of various types of alkenes.  
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Regioselective C−H Alkenylation of Five-membered Heteroarenes and 

its Application to the Synthesis of Benzannulated Heteroarenes 
 

Jung Min Joo 

 
Department of Chemistry, Pusan National University, Korea 

  

Heteroarenes are a ubiquitous structural motif of new pharmaceuticals, agrochemicals, and functional 

materials. Thus, the development of methods for the synthesis of structurally diverse heteroarenes 

represents an important objective in organic synthesis. We have developed Pd-catalyzed C−H alkenylation 

reactions of five-membered heteroarenes. Electronic characters of palladium catalytic systems were 

manipulated to achieve regioselective C−H alkenylation of nitrogen-containing five-membered  

heteroarenes, such as pyrazoles, imidazoles, and pyrroles. Readily available acrylates, acryl amides, and 

styrene derivatives were employed as alkenyl group donors in these C−C bond forming reactions to provide 

alkenyl heteroarenes with desired substitution patterns. Furthermore, a benzannulation strategy involving 

subsequent alkenylation followed by oxidative cyclization was developed to afford fused heteroarene rings. 

This approach based on C−H functionalization complements other cyclization methods and allows the 

systematic preparation of new, highly functionalized heterocyclic compounds. 
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Proline-Derived Organocatalysts; Design, Synthesis and Applications 
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Interest in organocatalysis has increased over the past several decades. Many useful organocatalysts have 

been developed and prepared from easily accessible natural products. Among them, many efforts have been 

made to devise new catalysts based on L-proline structure. Our group has developed prolinol derived chiral 

oxazaborolidinium ion (COBI) as a Lewis acid. They have been proven as effective catalysts for various 

asymmetric reactions with diazo compounds. Recently, we developed a series of novel L-proline derived 

tertiary amine bifunctional organocatalysts, which were successfully applied to the asymmetric Michael 

addition reactions of β-nitroolefins using dithiomalonates or 2-oxochroman-3-carboxylate esters as 

Michael-donors. The reaction proceeded in high yields (up to >99%) with high enantioselectivities (up to 

>99% ee). Additionally, a biomimetic synthesis of chiral 3,4-dihydropyranones through Michael 

addition/lactonization reaction cascade of thioesters and β,γ-unsaturated α-keto esters was developed. The 

mechanism was demonstrated by DFT calculation and the utility of the products was shown in the formal 

synthesis of anti-hypercholesterolemic agent. 
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Considerations for the Design of Chimeric Antigen Receptor 
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Since the concept of chimeric antigen receptor (CAR) was first introduced by Eshhar and coworkers as “T-

body” in 1980s, several structural refinements have been made to further increase the potency of the 

engineered T cells. As a result, adoptive transfer of CAR-T cells has been showing impressive results in 

recent clinical trials, in particular for the patients suffering with refractory hematologic malignancies. In 

this talk, I will briefly review some of the important preclinical and clinical papers that describe how each 

structural component of CAR (i.e. targeting, spacer, transmembrane, and intracellular signaling domains) 

affect the activity and specificity of engineered T cells, and discuss considerations for the design of an 

optimal CAR. 
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A Medicinal Chemistry Perspective for Targeting Nuclear Receptor 

Ligands for the Treatment of human diseases: Past, Present and Future 
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Nuclear Receptors (NRs) work with other proteins that regulate the expression of specific proteins and 

regulate human development, homeostasis, and metabolism. Most of these regulatory genes are associated 

with a variety of diseases, which explain why about 13% of the US Food and Drug Administration (FDA) 

molecular targets have approved drugs that target nuclear receptors. Nuclear Receptors has recently come 

into the focus as a re-emerging drug target for the treatment of cancer and lipid associated diseases such as 

metabolic syndrome through a transcriptional regulation. At this symposium I will present the newly 

synthesized ligand of Nuclear Receptors and the development of an efficient synthetic pathway for these 

analogues. In addition, we evaluated the pharmacology in vitro, as well as its absorption, distribution, 

metabolism, excretion, and toxicity (ADMET). The results also show that ligands have a superior in vitro 

ADMET and in vivo pharmacokinetic (PK) profiles. Finally, I will talk about excluding Pan-Assay 

Interference Compounds (PAINS) compounds from the viewpoint of modern medicinal chemistry. 
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Target-based drug discovery using Big Data Analytics and 

Computational Chemistry(빅데이터 분석과 계산화학을 이용한 표적
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The targeted drug screening method proposed in this paper is based on the synergy effect of big data 

analytics and computational chemistry. It can provide screening results with higher reliability and has a 

wide range of application. The method was applied to the development of a targeted drug based on 45 

sulphonamide derivatives (33 training compounds and 12 testing compounds) with carbonic anhydrase IX 

(CA IX) as a drug target. For each sulphonamide compound, about 5,000 molecular descriptors were 

calculated using quantum mechanics, and lipophilicity (logkw) and inhibitory activity (logKi) were 

experimentally measured as drug prop-erties. A quantitative structure-property-relationship (QSPR) model 

with high accuracy was obtained using genetic algorithm-partial least squares (GA-PLS) employing only 7 

descriptors. Mean relative errors were 10.2% (logkw) and 7.07% (logKi), respectively for testing com-

pounds. The ideal drug structure was obtained by inverting the QSPR model numerically in respect to 

properties of a reference drug (one of testing compounds). 12 testing compounds were ranked using the 

ideal drug structure and the rank was further validated through molecular dynamic simulation of a drug 

candidate-CA IX complex. Parameterization of MD simulation was verified experimentally using structural 

analyses of the complexes including MALDI-TOF/TOF-MS. 
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Identification and regulation of motif-mediated interactions 
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As proteins perform pivotal roles in cells, tightly and accurately controlled interactions among proteins 

orchestrate essential cellular processes, from development to cell death. Thus, not surprisingly, protein-

protein interactions (PPIs) have caught particular attention for deeper understanding of cellular mechanisms  

as well as for the development of novel strategies to target various types of diseases. Nevertehless, lots of 

binding interfaces, especially the motif-mediated interactions (MMIs), are among the most 

underrepresented types of interactions in available interaction data, largely due to technical difficulties 

inherent in the properties of MMIs. As the increasing recognition of the vital roles of MMIs in biology, 

several systematic approaches have recently been developed to detect novel MMIs. Here, peptide-based 

proteome-scale systematic approaches (both target-based and phenotypic-based screening) to identify novel 

PPIs are introduced. These cutting-edge strategies were demonstrated to be powerful to identify low-affinity  

interactions and further harnessed to uncover novel therapeutically potential target PPIs by intracellular 

screening with cancer cells. 
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Energy Storage on 2D Inorganic Nanosheets 
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The exfoliated 2D nanosheets of layered metal compounds (layered metal oxides, layered double 

hydroxides, transition metal dichalcogenides, and layered metal carbides) attract intense research interest 

because of their unique physicochemical properties and useful functionalities. The 2D inorganic nanosheets 

can be synthesized by soft-chemical exfoliation reaction and used as efficient 2D lego blocks for 

superlattice nanohybrids, porous nanocomposites, freestanding hybrid films, etc. The wide 2D surface area, 

very thin thickness, and high electrochemical activity render these inorganic nanosheets promising energy 

storage materials. In this talk, versatile use of 2D inorganic nanosheets and their 3D nanohybrids as 

electrode materials for diverse batteries and supercapacitors will be presented together with in-depth 

analysis for the relationship between chemical bonding nature and electrode performance. 
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A Crumbly and Highly Flexible Lithium-Ion Battery 
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School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology, Korea 

  

Deformable, stretchable electronics are considered as next-generation devices; however, to realize highly 

flexible electronics, it is first necessary to develop a deformable energy device. Herein, a crumply and 

highly flexible lithium-ion battery is realized by using microfiber mat electrodes in which the microfibers  

are wound or webbed with conductive nanowires. This electrode architecture guarantees extraordinary  

mechanical durability without any increase in resistance after folding 1,000 times. Its areal energy density 

is easily controllable by the number of folded stacks of a piece of the electrode mat. Deformable lithium-

ion batteries of lithium iron phosphate as cathode and lithium titanium oxide as anode at high areal capacity 

(3.2 mAh cm–2) are successfully operated without structural failure and performance loss, even after 

repeated crumpling and folding during charging and discharging. As another deformable batteries, we 

demonstrate the fabrication of highly stretchable hybrid carbon/polymer (HCP composite which was found 

to effectively retain its electrical conductivity, even when under high strain (~200%), due to the co-

supporting network of hybrid nanofillers in its structure. We are the first to have developed a stretchable 

aqueous rechargeable lithium-ion battery (ARLB) that utilized this HCP composite as a stretchable current 

collector. The ARLB exhibited excellent rate capability (~90 mA h g−1 at a rate of 20 C) and outstanding 

durability (capacity retention of 93% after 500 cycles). 
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Promoting the Oxygen Reduction Reaction with Intermetallic and 

Skeletal Nanostructures 
 

Sang Hoon Joo 

 
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology, Korea 

  

Development of highly active and durable electrocatalysts for oxygen reduction reaction (ORR) is of pivotal 

importance for polymer electrolyte fuel cells (PEMFCs). In this talk, we present our efforts toward 

enhancing the performances of Pt-based catalysts for the ORR with intermetallic nanostrucutres. We 

prepared self-supported, Pt-based intermetallic (Pt–M; M=Ni, Co, Fe, Cu) nanocatalysts, based on 

nanoporous and nanowire structures, as highly active and durable ORR catalysts. Nanostructured Pt–M 

intermetallic nanocatalysts showed enhanced ORR activity, compared to Pt black, Pt/C, and alloy Pt–M 

catalysts, and demonstrated excellent durability for the ORR. Some of Pt–M intermetallic nanocatalysts 

showed PEMFC single cell performances with very high durability. We also briefly show the enhancement 

of ORR activity with skeletal Pt-based nanostructures that have increased number of catalytically active 

surfaces. 
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Towards high-performance Pt-based nanocatalysts for oxygen reduc-

tion reaction through organic-inorganic hybrid concepts 
 

Sung Jong Yoo 

 
Fuel Cell Research Center, Korea Institute of Science and Technology, Korea 

  

Pt-based multi-structured nanocatalysts such as alloy, core-shell, and surface Pt-rich nanoparticles have 

been exten-sively studied for hydrogen fuel cell applications, and their catalytic performances for oxygen 

reduction reactions have been signif-icantly upgraded for decades. These technical enhancements have 

resulted in Pt-based nanoarchitectures suitable for use in com-mercially available fuel cell systems. In 

addition, based on physical and electrochemical backgrounds for the basic catalyst nanoar-chitectures, 

novel catalyst designs with organic-inorganic hybrid concepts have been recently developed to more 

effectively im-prove the electrochemical reaction activities and durabilities. In this review, the typical class 

of Pt-based nanocatalysts are system-atically explained according to their compositions and structures, and 

emerging class of organic-inorganic hybrid catalyst designs are then intensively introduced. It is expected 

that the most recent improvements of Pt-based nanoarchitectures will have great ef-fects on the future works 

for the commercialization of fuel cell catalysts. 
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Advanced Electrode Materials from Organic-Inorganic Hybrids: 

Insights into Structure-Property Relationship in Light Energy 
Conversion Applications 

 

Jin Ho Bang 

 
Department of Bionano Technology and Department of Chemical and Molecular Engineering, Hanyang 

University, Korea 

  

Organic-inorganic hybrid materials have served as excellent resources for the preparation of various 

nanostructured materials that cannot otherwise be produced by conventional precursors. The unique 

structural properties of the nanostructured materials inherited from their parent materials offer new physical 

properties that can be potentially useful for light energy conversion applications. A couple of examples for 

this new opportunity in materials chemistry are presented, and in particular new insights revealed by the 

investigation on the structure-property relationship are discussed. 
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Room-Temperature, Ambient-Pressure Chemical Synthesis of Amine-
Functionalized Hierarchical Carbon-Sulfur Composites for Lithium-

Sulfur Battery Cathodes 
 

Sunho Jeong 

 
Division of Advanced Materials, Korea Research Institute of Chemical Technology (KRICT), Korea 

  

Recently, the achievement of newly designed carbon-sulfur composite materials has attracted a tremendous 

amount of attention as high-performance cathode materials for lithium-sulfur batteries. To date, sulfur 

materials have been generally synthesized by a sublimation technique in sealed containers. This is a well-

developed technique for the synthesizing of well-ordered sulfur materials, but it is limited when used to 

scale up synthetic procedures for practical applications. In this study, we suggest an easily scalable, room-

temperature/ambient-pressure chemical pathway for the synthesis of highly functioning cathode materials  

using electrostatically assembled, amine-terminated carbon materials. It is demonstrated that stable cycling 

performance outcomes are achievable with a capacity of 727 mAhg-1 at a current density of 1 C with good 

cycling stability by a virtue of the characteristic chemical/physical properties (a high conductivity for 

efficient charge conduction and the presence of a number of amine groups that can interact with sulfur 

atoms during electrochemical reactions) of composite materials. The critical roles of conductive carbon 

moieties and amine functional groups inside composite materials are clarified with combinatorial analyses 

by X-ray photoelectron spectroscopy, cyclic voltammetry and electrochemical impedance spectroscopy. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT2-2 

Area: Material Chemistry for Emerging Large Area Electronic Application 

Type: Symposium, Time: FRI 09:25, Chair: Young-Geun Ha 

 

 
Controlling the Crystallization of Small Molecule Organic 

Semiconductors using Solution Shearing and their Application to 
Field-effect Transistors 

 

STEVE PARK 

 
Materials Science and Engineering, Korea Advanced Institute of Science and Technology, Korea 

  

The electronic properties of solution-processable small molecule organic semiconductors (OSCs) have 

rapidly improved in recent years, rendering them highly promising for various low-cost large area electronic 

applications. Practical applications of organic electronics as field-effect transistors require sufficient field -

effect mobility (1-10 cm2/Vs), patterned and precisely registered OSC film within the transistor channel, 

and device-to-device uniformity over a large area, a task that remains a significant challenge. Here we 

present solution shearing as a promising technique to achieve such a task. In solution shearing, organic 

solution is sandwiched between a heated substrate and a shearing blade. As the shearing blade moves, 

meniscus is formed through which solute deposits on the substrate to form a thin film. When the evaporation 

rate of the solvent at the meniscus matches that of the shearing rate, the crystals can be grown along the 

direction of shearing, resulting in aligned crystalline films. To further enhance crystallinity, the substrate 

can be patterned with alternation solvent wetting and dewetting regions, to limit nucleation events and 

impede lateral crystal growth. This resulted in high aligned crystals TIPS-pentacene with mobility as high 

as 2.7 cm2/Vs. Furthermore, we have developed a novel technique known as CONNECT (Controlled OSC 

NucleatioN and Extension for CircuiTs), which utilizes a non-wetting substrate with wetting electrodes to 

generate aligned organic films that were self-patterned and self-registered within the channel region, 

resulting in low device-to-device variability. We have fabricated transistor density as high as 840 dpi, with  

a yield of 99%. We have successfully built various logic gates and a 2-bit half adder circuit, demonstrating 

the practical applicability of our technique for large-scale circuit fabrication. 
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Organic-Inorganic Hybrid Materials for Large Area Electronic 

Application 
 

Young-Geun Ha 

 
Department of Chemistry, Kyonggi University, Korea 

  

Recent advances in semiconductor performance afforded by organic π-electron molecules, carbon-based 

nanomaterials, and metal oxides have been a central scientific and technological research focus over the 

past decade for flexible and transparent electronics. However, recent advances in semiconductor require 

corresponding advances in compatible gate dielectric materials, which exhibit excellent electrical properties 

such as large capacitance, high breakdown strength, low leakage current density, as well as mechanical 

flexibility with arbitrary substrates. More recently, to combine the desirable properties of high-k metal 

oxides and organic dielectric processability and mechanical flexibility, a new approach for fabricating gate 

dielectrics using hybrid composite film has emerged. In this presentation, we introduce novel organic-

inorganic hybrid gate dielectrics, fabricated by a facile solution-process for large area electronic application. 

We first present an overview of hybrid materials for thin-film transistor (TFTs). Then, we next describe the 

design, fabrication, and applications of solution-deposited organic-inorganic hybrid composite materials as 

a gate dielectric. 
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Nanocrystals for large area electronic devices and sensors 

 

Soong Ju Oh 

 
Materials Science and Engineering, Korea University, Korea 

  

Colloidal nanocrystals have been shown to be attractive materials for large area electronic device 

applications because of their tunable properties and solution-processability. General methods to control the 

electronic, optical, optoelectronic, electromechanical, and electrothermal properties of nanocrystals through 

the engineering of their surface and interface will be given. Unconventional materials design and strategy 

will be presented to fabricate semiconductor devices and wearable sensors. This technique provides a 

promising pathway for designing low cost, high performance, large-area and multifunctional electronic 

devices or wearable sensors. 
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Non-precious electrocatalysts for anion exchange membrane water 

electrolysis cell 
 

Sung Mook Choi 
 

Surface Technology Division, Korea Institute of Materials Science, Korea 

  

The hydrogen has been recognized as a clean, nonpolluting and unlimited energy source that can solve 

fossil fuel depletion and environmental pollution problems at the same time. Water electrolysis has been 

the most attractive technology in a way to produce hydrogen, because it does not emit any pollutants 

compared to other methods such as natural gas steam reforming and coal gasification etc. In order to 

improve efficiency and durability of the water electrolysis, comprehensive studies for highly active and 

stable electrocatalysts have been performed. The platinum group metal (PGM; Pt, Ru, Pd, Rh, etc.) and its 

oxide catalysts showed a higher activity and stability compared with other non-precious catalysts in 

operating condition. It is necessary to develop non-precious catalysts with high activity and durability 

because the PGM catalysts are expensive materials with insufficient it’s reserves. In the water electrolysis 

field, the numerous researchers have been focused on the oxygen evolution reaction (OER) and hydrogen 

evolution reaction (HER) because the OER and HER are a key process (slow kinetics) compared with other 

resistances such as bubble, electrolyte, diaphragm, membrane, etc. On a point of view of a catalyst, slow 

kinetics and the use of precious metal (PGM) for high performance should be solved to popularize water 

electrolysis.The target of this study is the development of non-precious catalysts with high activity via 

simple and efficient synthesis method that is a wet-chemical based method. The Ni-LaCeO/C (HER 

catalysts) and CuCoO (OER catalyst) were synthesized through the co-precipitation with oxidation and 

reduction heat treatment. The catalysts were characterized by various physicochemical analyses such as X-

ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM), 

energy dispersive X-ray spectroscopy (EDS), and X-ray photoelectron spectroscopy (XPS). To investigate 

electrocatalytic properties of prepared catalysts, we carried out electrooxidation activity measurements such 

as cyclic voltammetry (CV), linear sweep voltammetry (LSV), long-term stability test, and electrochemical 



impedance spectroscopy (EIS). The relationship between their physicochemical properties and 

electrocatalytic activities will be explored and discussed. 
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Conversion of ethyl levulinate to γ-valerolactone via catalytic transfer 

hydrogenation over zirconium based metal-organic frameworks 
 

Do-Young Hong*, u-hwang lee1, Jong-San Chang1, Young Kyu Hwang* 

 
Carbon Resources Institute, Korea Research Institute of Chemical Technology, Korea 

1Center for Convergent Chemical Process, Korea Research Institute of Chemical Technology, Korea 

  

A series of highly crystalline, porous, zirconium-based metal-organic frameworks (Zr-MOFs) with  

different ligand functionality and porosity were applied for conversion of ethyl levulinate (EL) to form γ–

valerolactone (GVL) via catalytic transfer hydrogenation using using isopropanol as a hydrogen donor. The 

role of ligand functionality and the metal center of the Zr-MOFs were characterized by a number of 

complementary techniques. Reaction parameters were optimized for selective production of GVL. 

Maximum yield of GVL (up to 92.7%) was achieved in 2 h at 200oC with UiO-66(Zr). Interestingly, 

zirconium trimesate (MOF-808) emerged as the most suitable candidate, with the highest GVL formation  

rate (94.4 μmol/g/min) among the catalysts tested at 130oC. It was also found effective in conversion of EL 

to GVL in an open system using the solvent refluxing method. Both the catalysts (UiO-66(Zr) and MOF-

808) were recycled at least five times under their specified reaction conditions without notable change in 

catalytic activity and product selectivity. Fresh and recycled catalysts were characterized by using X-ray 

diffraction (XRD), N2 adsorption-desorption, thermal gravimetric analysis (TGA), Fourier transform 

infrared spectroscopy (FTIR) and scanning electron microscopy (SEM) to generate understanding of the 

catalyst structure changes and stability, allowing correlation of the catalytic behavior. Finally, a plausible 

reaction mechanism was presented on the basis of active sites present in catalysts confirmed by 

characterization results. 
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Biomimetic surface functionalization for biointerface engineering 

 

Seonki Hong 

 
Department of Emerging Materials Science, Daegu Gyeongbuk Institute of Science & Technology, Korea 

  

Biointerface is the area of contact between 1) biomacromolecules, cells, biological tissues or living  

organism and 2) other biomaterials or synthetic organic/inorganic materials. Engineering of molecular 

interactions/recognitions occurred at the biointerface is essential in designing a novel biochip for in vitro 

bioassays. Plastics are emerging as substrates for lab-on-a-chip microfluidics as they often have ideal 

material properties. For example, they are transparent to allow optical measurements, rigid but not fragile, 

and solvent-resistant. Furthermore, plastic devices can be molded into complex shapes, and mass-produced 

at low cost. Plastics, however, are challenging materials for biological activation; the material surface is 

highly hydrophobic and inherently lacks chemical functional groups (in particular, hydrocarbon-based 

plastics like PE, PP, and PS). In this seminar, I will introduce the biomimetic strategies to develop robust 

and generalizable surface chemistries, in particular for plastics, to generate bioactive surface for 

biomolecular interactions/recognitions. Biointerface engineering of plastic medical devices would catalyze 

the more widespread use of cost-effective plastic in biosensing and other biomedical applications. 
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Novel Surfactant Materials by Zeolite-catalyzed Acylation of Furan 

and Fatty Acids 
 

Dae Sung Park 

 
Center for Convergent Chemical Process, Korea Research Institute of Chemical Technology, Korea 

  

Surfactant is an important material which has both hydrophilic and hydrophobic functionalities, and widely 

used in detergents, emulsifiers, foaming agents, and personal cares. Linear alkylbenzene sulfonate (LAS) 

is the most used surfactant material in household detergents with a 60 % market share. However, this 

material is made from petroleum-based feedstock and has limited tunable pathways for production, 

resulting in poor hard water stability. We propose a novel surfactant material (Oleo-furan Sulfonate, OFS) 

designed with biomass-derived furan and fatty acid by new chemical pathways. Friedel-Crafts acylation is 

a key chemistry for first C-C bond of furan and fatty acid over the heterogeneous catalyst such as zeolite 

or the homogeneous catalyst such as trifluoroacetic anhydride. The pathway for this furan-based surfactant 

is highly tunable, where surfactant functionality can be tuned by using different chain-length fatty acids 

and combining with other chemistries to make different surfactant structure. This novel surfactant material 

shows similar performance of detergency, solubility, foaming growth and wetting property with  

commercial LAS surfactant. Importantly, the OFS surfactant demonstrates a hundred-fold improvement in 

hard water stability compared with commercial surfactant materials. Thus, this novel material retains the 

detergency in extreme hard water conditions without the need for chelating agents which is generally 

included about 20-30 % in conventional detergent product. It could be a promising material for numerous 

applications regarding on amphiphilic functionality of fluid surface control. 
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Plasmonic Metal-Semiconductor Photocatalysts for Efficient Hydrogen 

Evolution by Water Splitting 
 

Jong Wook Hong 

 
Chemistry, University of Ulsan, Korea 

  

Plasmon-induced photocatalysis has recently led the rapid progress in enhancing photocatalytic efficiency 

under visible light irradiation, including the aspects for environmental and energy applications such as CO2 

conversion, water splitting, and pollutant treatment. Plasmon-induced photocatalysis makes use of 

plasmonic metal nanocrystals dispersed into semiconductors and contain two prominent factors such as 

Schottky junction and localized surface plasmon resonance (LSPR). The Schottky junction reveals the 

advantages to charge separation and transfer whereas LSPR contributes to the efficient absorption of visible 

light and formation of active electron/hole pairs. Notably, LSPR could boost the generation of electrons 

and holes in semiconductor photocatalysts through two different effects-the LSPR sensitization effect and 

the LSPR-powered bandgap breaking effect. Herein, we introduce the rational two plasmonic metal-

semiconductor photocatalysts with rational morphologies. Owing to rational design of plasmonic metal-

semiconductor photocatalysts, comprehensive understanding on plasmon-induced photocatalysis was 

achieved and the photocatalysts prepared showed enhanced photocatalytic hydrogen production activities 

compared their counterparts in visible light. 
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Electrochemical N2 Reduction to Produce NH3 at Low Temperature 

and Atmospheric Pressure 
 

Hyun S. Park 

 
Fuel Cell Research Center, Korea Institute of Science and Technology, Korea 

  

NH3 is the essential chemical in modern industry to produce N-containing commodity and fuels. The 

amount of global NH3 production is larger than 150 million tonnes per year, reporting it as one of the most 

produced chemicals in the world. It is widely synthesized from purified N2 and H2 by the thermochemical 

process named Haber-Bosch, under high reaction temperature and pressure, i.e. 150-250 bar and 400-

500 ℃, respectively. The Haber process uses approximately 2% of the total world energy consumption 

and takes approximately 1% of the total world CO2 emission employing fossil fuel energy sources. Recently, 

electrochemical reduction of N2 is considered as a promising method for the NH3 production only using 

renewable electricity with zero-carbon emission. The electrochemical synthesis of NH3 can be performed  

with a thermodynamic voltage of 1.18 V at room temperature. The proton required to produce NH3 can 

directly be supplied via water oxidation at anode, so to utilize water and N2 in air as the reactants, making  

the electrochemical NH3 production simple and economically efficient. However, the triple bond of 

dinitrogen molecule is significantly stable with a bonding energy of approximately 940 kJ/mol, and no 

electrocatalyst is yet known with a practical activity toward the N2 reduction. In the presentation, 

preliminary experimental results will be discussed for the electrochemical synthesis of NH3 at low 

temperature and atmospheric pressure. The activity and selectivity of few promising N2 reduction 

electrocatalysts are studied for the electrochemical NH3 synthesis under different reaction conditions. 
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Photo and Electro-Nanocatalysts for Chemical Energy Storage(화학적 

에너지 저장을 위한 광 및 전기화학 나노촉매) 

 

Hyunjoon Song 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Renewable energy sources, mainly from sunlight, are the main themes of sustainable energy supply for a 

long time. The critical problem is, however, volatility of energy resources dependent upon the weather and 

time. In order to maintain continuous supply, a reasonable energy storage system should be accompanied 

with the energy production Yet, the energy storage using electrochemical cells could not provide sufficient 

capacity as well as enough mass and volume densities of storage, therefore, many researchers consider 

another options based on the efficient conversion of solar energy into chemical energy using simple 

molecules. Recently, carbon dioxide is of much interest as a mediator for this aim, due to its simple structure 

and high energy density per molecule. It is also beneficial to restore carbon cycles on earth. There have 

been intense researches on direct conversion of carbon dioxide via photochemical, electrochemical and 

biological approaches. A photochemical method using sunlight in aqueous solution is regarded as an 

eventual approach, and recently, direct electrochemical carbon dioxide conversion is also attracting much 

attention, due to its high faradaic efficiency of various chemicals and simple device structure in a single 

batch. However, these reactions still need to be spent more than 10 years to be a commercial process, 

because of lack of knowledge on proper catalyst design. For instance, the most efficient photocatalysts 

reported thus far exhibited very low quantum efficiencies less than 0.04%. The development of new 

catalysts is definitely an indispensable prerequisite in this field. In this presentation, we apply the concept 

of “nanocatalyst”, which has well-defined composition and morphology, to enhance catalytic performances 

in hydrogen generation and carbon dioxide conversion. We will discuss the importance of structural effects 

on photocatalysts. We will also present some preliminary results of electrochemical carbon dioxide 

conversion using noble metal nanocatalysts. 
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Platinum single atom catalysts for electrochemical reactions 

 

Hyunjoo Lee  

 
Department of Chemical Engineering & Biotechnology, Korea Advanced Institute of Science and 

Technology, Korea 

  

Single atom catalysts have recently received a lot of attention. Here we will introduce our recent results 

about platinum single atom catalysts used for oxygen reduction reaction, formic acid oxidation, methanol 

oxidation. The single atom catalyst showed remarkable activity and distinct selectivity from nanoparticle 

catalysts. We compared Pt nanoparticle or sub-nanometer catalyst with single atom catalyst, and showed 

the difference in activity, selectivity, and durability. Various supports were used to immobilize Pt single 

atom, and even full cell was fabricated with Pt single atom catalyst. These single atom catalysts can be very 

promising to minimize the use of expensive Pt and the undesired side products. 
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Stability of Fe-N-C catalysts during oxygen reduction 

 

Chang Hyuck Choi 
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For catalyzing dioxygen reduction, iron-nitrogen-carbon materials are today the best candidates to replace 

platinum in proton-exchange membrane fuel cell cathodes. Despite tremendous progress in their activity 

and site-structure understanding, improved durability is critically needed but challenged by insufficient 

understanding of their degradation mechanisms during operation. Hydrogen peroxide, a byproduct of the 

oxygen reduction, severely impairs fuel cell materials, and iron-based catalysts in particular. We reveal that 

exposure to hydrogen peroxide leaves iron-based catalytic sites untouched but decreases their turnover 

frequency for oxygen reduction via surface oxidation of carbon, leading to disrupted π-electron network 

and decreased oxophilicity of iron-based sites. Their turnover frequency is recovered upon electrochemical 

reduction of the carbon surface, demonstrating the proposed deactivation mechanism. Observed in acidic 

and alkaline electrolytes, these insights suggest that durable iron-nitrogen-carbon catalysts are within reach 

if strategies minimizing the amount of hydrogen peroxide or reactive oxygen species produced during 

oxygen reduction are developed. 
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Designing Non-Precious Metal M–N/C Electrocatalysts for Renewable 

Energy Conversion Reactions 
 

Sang Hoon Joo 

 
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology, Korea 

  

Non-precious metal catalysts (NPMCs) have emerged as alternatives to expensive precious metal (Pt, Ir, or 

Ru) based electrocatalysts in renewable energy conversion reactions, including oxygen reduction reaction 

(ORR). Among various NPMCs, M–N/C (M = transition metal) catalysts have been suggested as the most 

promising class of NPMCs, owing to their high catalytic activity. In this presentation, we show our recent 

efforts toward M–N/C ORR electrocatalysts. We developed a general design strategy based on “silica-

protective-layer-assisted” method that can preferentially generate ORR-active Fe–Nx sites towards highly 

efficient Fe–N/C electrocatalysts. The prepared Fe–N/C catalysts showed excellent ORR activity in alkaline 

and acidic electrolytes, and demonstrated high current and power densities for both acidic and alkaline 

polymer electrolyte fuel cells. In addition, the synthetic strategy was extended to Co–N/C and Ni–N/C 

catalysts, which respectively demonstrated promises in hydrogen evolution reaction and CO2 reduction 

reaction. 
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Detection and Analysis of Single Particle (emulsion, bacteria cell, 

polymer, and Cell) via Electrochemical Blocking Events 
 

Byung-Kwon Kim 
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Single particle analysis using particle collision on electrodes has recently been actively studied. This single 

particle collision method is a good way to analyze particle composition, size, concentration, diffusion 

coefficient, and behavior in solution. This method can be roughly classified into two methods. The first is 

a method of analyzing a staircase current decrease that occurs when a particle collides with an electrode. 

The second method is to observe a current increase by measuring the electrochemical reaction that occurs 

when particles collide the electrode.The subject to be covered here is the study of particle analysis using 

the first method. Recently, we have analyzed the emulsions (water/oil and oil/water), bacterias, red blood 

cells and polymers by the current decrease which occurs when the particles collide with the electrode. 

Through this method, particle size, distribution, concentration, and particle behavior in solution were 

analyzed. 
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Capacitive Behavior of Nanostructured Electrode Materials: 

Implications for Nanostructuring Strategies 
 

Jin Ho Bang 
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By virtue of various nanostructuring strategies, the capacitive performance of many electrode materials has 

been dramatically improved in recent years, but the comprehensive understanding of the influence of 

nanostructuring on the capacitive behavior is still lacking. Electrochemical analysis is a central tool to look 

into the capacitive behavior of electrode materials in supercapacitor applications, and the information  

provided by the electrochemical analysis are insightful to establish a new design principle of advanced 

electrode materials. Structural parameters governing the capacitive performance are revealed by in-depth 

electrochemical investigation, and the implication of this discovery is discussed. 
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Electrochemical Interrogation of Catalyst Surfaces 

 

Hyun Seo Ahn 

 
Department of Chemistry, Yonsei University, Korea 

  

Conversion of solar energy into transportable liquid fuels has been an important research theme in physical 

sciences for the last decade. Many artificial photosynthetic devices have been built with numerous iterations 

and enhancements, yet all fall short of the biological machinery. Especially, the gap in the performances of 

enzymes and their inorganic counterparts is large, therefore promoting the need for the development of 

efficient catalysts and deep understanding of the catalytic processes involved in the solar-to-fuel cycle. In 

the current presentation, an advanced electrochemical surface analysis platform will be introduced, which 

enables surface-selective and potential sensitive redox activity analyses of catalyst surfaces. Several case 

studies will be shared including important catalysts for the oxygen evolution and the hydrogen evolution 

reactions. Recent example of the application of the analytical technique to photo-catalysts will also be 

shared. 
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Oxygen Activators for a Zero-activation-energy Electrocatalysis 
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School of Energy and Chemical Engineering, UNIST, Korea 

  

Oxygen reduction reaction (ORR) is the cathodic process of fuel cells and the discharging process of metal 

air batteries. Its reverse reaction, oxygen evolution reaction (OER), is responsible for the charging process 

of metal air batteries and the anodic process of water electrolyzers. Electrocatalysts are required to 

overcome slow kinetics of ORR and OER. Two novel concepts are presented in this talk. The first concept 

is activators, which is identified as the material to help catalysts to improve kinetics of ORR or OER. The 

second concept, tandem-descriptor volcano plot (2D-VP), is relevant to providing a tool for understanding 

how the kinetics is improved in the presence of the activators. 
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Short Diffusion Length in Semiconductor Electrode and Fourier-

transform Electrochemical Impedance Spectroscopy 
 

TAEK DONG CHUNG 

 
Department of Chemistry, Seoul National University, Korea 

  

Semiconductor materials convert the photons into the electron-hole pairs, which drive an electrochemical 

reaction in the solution. If the diffusion length of the semiconductor is short enough, the 

photoelectrochemical reaction occurs exclusively at the spot where the light is illuminated. This unique 

characteristic of the semiconductor enables us to introduce a variable electrode on the semiconductor 

anywhere we want simply by manipulating the features of the light; size, position and shape. We introduce 

some applications based on this new electrochemistry including mask-free patterning of Ni-Mo, hydrogen 

evolution reaction catalyst, on a-Si using a digital micromirror device. Such electrolytic behavior comes 

from the characteristic interface between the semiconductor electrode and aqueous electrolyte, which can 

be represented by its equivalent circuit determined by conventional electrochemical impedance 

spectroscopy (EIS). The components in the equivalent circuit provide clues to find out what causes the 

electrochemistry in the given system, while the continuous EIS cannot allow us to see its time-dependent 

transition. Fourier-transform electrochemical impedance spectroscopy (FT-EIS) employing a small step 

function for perturbation has been one of the powerful techniques for real-time impedance analysis of 

transient electrochemical systems. However, its application to low current (~ nA) condition such as at 

ultramicroelectrodes(UME) has been hindered due to insufficient signal gain of current conversion. In this 

talk, we discuss low current FT-EIS equipped with handmade high-speed potentiostat circuit with high 

voltage gain and potential application for photoelectrochemical system analysis. 
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in the College Scholastic Ability Test 
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1Gangbuk High School, Korea 

  

Since a revised curriculum has been applied in 2009, there is a gradual decline in the number of students 

taking Chemistry I in the College Scholastic Ability Test(CSAT). There are many reasons. In this study, 

we analyzed the causes of decrease in the number of students taking Chemistry in the College Scholastics 

Ability Test (CSAT) by analyzing the adequacy of the Chemistry I question in the CSAT and the 

recognition survey of students and teachers about the Chemistry I choice. We analyzed some questions in 

Chemistry I of the CSAT from the year 2014 to 2016. The questions were analyzed to determine whether 

they were appropriate to the curriculum content, achievement standard, and achievement level. The target 

of the survey for perception was 452 senior high school students and 68 science teachers. The result of the 

study showed that the questions in Chemistry I are somewhat difficult compared to the depth and 

achievement level required by the curriculum, and it also requires mathematical thinking ability. Students 

recognized the mathematical thinking and complex mathematical skills are needed to solve problems in 

Chemistry I. Teachers also thought that the choice of Chemistry I is unfavorable in aspect of meeting the 

minimum academic ability standard, and accordingly, they did not actively recommend students to take 

Chemistry I. Moreover, most of the teachers recognized that it is necessary to improve the direction of 

writing questions for Chemistry I. Therefore, setting questions that can be solved using chemical knowledge, 

not mathematical ability need to be addressed. 
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Teachers' Perception and the State of Management on 'Science Stories' 

Presented in Elementary School Science Textbooks 
 

Ae-Kyung Shin 

 
Jeju National University, Korea 

  

This study investigates teachers' perception and the state of management on 'Science Stories' presented in 

Elementary school science textbooks. The study surveys 60 teachers who work at small and medium city 

elementary schools and teach science. The survey consists of total 21 questions. The questions are divided 

into 6 basic questions on teachers, 6 questions for the teachers' perception of reading education, 6 questions 

for the science story, and 9 questions for the science story actual class management. The results of this are 

as follows. First, in the section of teachers' perception of reading education, 96.7 % of teachers replied that 

reading education is important in Korean and other subjects. There were 46 teachers who deliberately used 

reading strategies in all subjects, and only 22 teachers who deliberately used reading strategies in science 

subjects. Second, in the section of perception of science story, most teachers recognized that the purpose 

of science stories was linkage with real life. 66.7 % teachers answered positively about the necessity of 

science stories. Furthermore, 73.3% teachers answered proper on the quantity of science stories and 63.3% 

teachers responded suitable for students' levels. Third, in the section of management on the science story 

in classes, all teachers who took part in the survey answered that they used science stories in their science 

classes. 22 of them were using reading strategies, and 5 integrated science stories with other subjects. Most 

teachers are using science stories as a supplement or an enrichment, and the most common reason for not 

using reading strategies in science stories is the lack of class time. 
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Practicing open inquiry design using a flipped learning strategy 
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Chemistry Education , Korea National University of Education, Korea 

  

The purpose of this study was to observe and analyze how pre-service secondary chemistry teachers conduct 

open-ended, free style, exploratory chemistry experiments. This study utilized a flipped learning strategy 

to improve students' chemistry concepts needed for experimental design. The study examined common 

difficulties and tendencies that teachers showed in the chemistry labs. The study also investigated how these 

teachers deal with their difficulties and obstacles, such as unexpected results and device errors. Next, the 

study explored how students’ epistemic goals and considerations have been shaped and changed as they 

interacted with one another and participated in their experiments over time. The study suggests that it could 

be more effective to gradually decrease guided-features of the experiment by providing appropriate 

scaffolding, than to start with completely open-ended inquiry labs. The study also suggests that the 

establishment of epistemic agency among group members influences the way they conduct experiments . 

Consequently, it is necessary to consider how instructional design for open-ended inquiry labs may provide 

students with scaffolds to encourage their active participation and to build responsibility in group 

discussions. 
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The effects of methanobactin secreted by Alphaproteobacterial 

methanotrophs on N2O emissions from denitrifiers 
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Technology, Korea 

  

Methanobactin (Mb) is a Cu chelator secreted by methanotrophs for scavenging of Cu from Cu-deficient 

environments. Cu scavenging may result in deprivation of Cu from the environment and thus, may have a 

negative impact on the biogeochemical reactions that require Cu for their activities. N2O reduction 

mediated by nitrous oxide reductase (N2OR) is one of such Cu-dependent reactions, which has an 

environmentally significant function of reducing N2O emissions. This study investigated the effect of 

methanobactin secretion by Alphaproteobacterial methanotrophs on N2O emissions from denitrifying  

microorganisms. In the experiments performed with model strains of a methanotroph (Methylosinus 

trichosporium OB3b) and a denitrifier (Pseudomonas stutzeri DCP-Ps1), permanent N2O production 

resulted from P. stutzeri culture incubated with the O2-depleted M. trichosporium culture, while no 

significant N2O accumulation was observed when the mutant strain (mbnA- strain) with a defunct 

methanobactin production pathway was used in place of the wildtype strain OB3b. The similar 

enhancement of N2O emission was observed with environmental samples with complex microbial 

communities when they were enriched for Alphaproteobacterial methanotrophs before introduction of 

anoxia. These observations suggest that such involuntary inhibition of N2O reduction is a plausible 

mechanism of N2O emissions at oxic-anoxic interfaces in the environments where methanotrophy and 

denitrification may simultaneously occur, e.g., rice paddy soils and landfill cover soils. 
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Geochemical influence on microbial community diversity and 
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A variety of biogeochemical processes in the subsurface environments are a key component of the global 

elemental cycling including C, N, Fe, and S. Microorganisms influence the chemical and physical properties 

of subsurface environments and thus represent an important control on the fate and environmental impact  

of inorganic and organic contaminants. In addition, these biogeochemical processes are often disturbed by 

human activites. However, how the human activities on subsurface environments will influence microbial 

populations over long time scales is largely unknown. We investigated geochemical influence on subsurface 

microorganisms at several human impacted environments including mine tailings, underground waste 

storate sites, livestock waste burials and CO2-rich groundwaters. To understand these complex disrupted 

environmental systems, we have utilized multidisciplinary approaches including standard lab-based 

chemical methods and synchrotron-based x-ray techniques to investigate mineral transformations and metal 

speciation and metagenomics to assess microbial community structure, dynamics, and function. Our results 

showed that subsurface microbial communities in these human impacted environments are very diverse and 

the community compositions can be dramatically changed depending upon specific geochemical conditions. 

Our study highlights the need to better understand microbial community dynamics along these specific 

geochemical environments to evaluate long-term impact of these microorgnisms on human and ecosystem. 
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Stable Isotope Geomicrobiology: Sub-cellular to Global 

 

Min Sub Sim 

 
School of Earth and Environmental Sciences, Seoul National University, Korea 

  

Microbes are involved in the vast majority of chemical and biochemical processes on the Earth’s surface, 

affect the environments that they live in, and leave geochemical signatures. While geologists have long 

used macrofossils to study the role of biology, recent advances in this field have expanded the signals of 

microbial life in the rock record beyond macrofossils to include molecular, elemental, and isotopic 

signatures. In this talk, I will focus on the application of sulfur isotope fractionation as a tracer for past 

microbial activities. Sulfur isotope fractionation between sulfate and sulfide has been used as a diagnostic 

indicator of microbial sulfate reduction, and a wide range of fractionations has attracted particular attention 

because it may serve as a potential indicator of environmental or physiological variables such as substrate 

concentrations or specific respiration rates. Depending on the organic electron donor, the resulting sulfur 

isotope enrichment factors vary between near-zero to 66‰, and disruptions in the electron delivery to the 

respiratory chain yield larger sulfur isotope fractionation. Direct assessment of intracellular processes, such 

as in vitro enzyme-specific studies and isotope measurements on key intermediates, has emerged recently 

as a promising means of addressing the details of isotope fractionation during microbial sulfate reduction. 

For example, sulfur isotope fractionation by APS reductase, the first reductive enzyme in sulfate reduction 

pathway, is measured for the first time to be 20‰. Given the presence of sedimentary proxies for seawater 

sulfate and sulfide isotopic compositions, all these findings can provide qualitative and quantitative 

constraints on the microbial sulfur cycle in the deep past as well as for the present. 
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Trends and futures of CO2 utilization 
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Department of Energy Science & Engineering, DGIST, Korea 

  

Photocatalytic reduction of CO2 to fuel offers an exciting opportunity for helping to solve current energy 

and global warming problems. Although a number of solar active catalysts have been reported, most of 

them suffer from low product yield, instability, and low quantum efficiency. Therefore, the design and 

fabrication of highly active photocatalysts remains an unmet challenge. In this talk we will consider the 

trend and future work for CO2 utilization. I will introduce how to utilize hydrogen-doped, blue-colored 

reduced titania for photocatalytic conversion of CO2 into methane (CH4). The photocatalyst is obtained by 

exposure of TiO2to NaBH4 at 350 °C for 0.5 h. Sensitized with Pt nanoparticles, the material promotes 

solar spectrum photoconversion of CO2 to CH4 with an apparent quantum yield of 12.40% and a time 

normalized CH4 generation rate of 80.35 μmol g−1 h−1, which to the best of our knowledge is a record for 

photocatalytic-based CO2 reduction. The material appears intrinsically stable, with no loss in sample 

performance over five 6 h cycles, with the sample heated in vacuum after each cycle.//1. "Efficient Solar 

Light Photoreduction of CO2 to Hydrocarbon Fuels via Magnesiothermally Reduced TiO2 Photocatalyst", 

Applied Catalysis B 215 (2017) 28-35 //2. "Synthesis of Heterojunction p-n-p Cu2O/S-TiO2/CuO, and 

Application to the Photocatalytic Conversion of CO2 and Water Vapor to Methane", Journal of CO2 

Utilization 20 (2017) 91-96//3. "Cu2ZnSnS4 (CZTS)-ZnO: A noble metal-free hybrid Z-scheme 

photocatalyst for enhanced solar-spectrum photocatalytic conversion of CO2 to CH4", Journal of CO2 

Utilization 20 (2017) 301-311//4. "Highly Enhanced and Stable Activity of Defect Induced Titania 

Nanoparticles for Solar Light Driven CO2 Reduction into CH4", Materials Today Volume 20, Issue 9 (Nov. 

2017) 507-515 //5. "Facile Fabrication of a Noble Metal-Fee Photocatalyst: TiO2 Nanotube Arrays Covered 

with Reduced Graphene Oxide", Carbon 98 (2016) 537-544. 
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TBA 
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TBA 
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Photocatalysis for energy and environmental application 
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TBA 
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TBA 
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Research collaboration programs in KBSI 
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Korea Basic Science Institute (KBSI), a government-funded research institution established in 1988, 

conducts research and development, research support and joint research, related to high-tech research 

equipment as well as advanced analytical science and technology. KBSI supports various joint programs 

with a use of facilities and currently 186 research instruments mostly for chemical analysis are installed in 

Daedeok headquarters, Ochang center, and seven regional centers in Korea. Budgets and numbers of 

research collaboration program for domestic and international scientific communities has been significantly 

increased in last few years. In this talk, brief introduction of various academic program funded by KBSI 

will be discussed. 
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Application of NMR for Chemistry 
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Nuclear Magnetic Resonance (NMR) Spectroscopy is one of the principal techniques used to obtain 

physical, chemical, electronic and structural information about molecules. A simple NMR experiment  

produces information in the form of a spectrum, which is able to provide details about the types of atoms 

present in the sample, the relative amounts of atoms present in a sample, the specific environments of atoms 

within a molecule and the structural information about a molecule. NMR Spectroscopy is a technique used 

by most modern chemical laboratories. It has applications in a wide range of disciplines, and development 

of new applied methods for NMR is an active area of research. Common applications of NMR Spectroscopy 

include structure elucidation, quantitative analysis, molecular characterization, analysis of inter- and 

intramolecular exchange processes and reaction kinetics examination. In this session, we will discuss on 

analytical technologies for chemistry measured by KBSI NMR spectrometers. 
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Introduction to Ultra-High Resolution FT-ICR Mass Spectrometry and 

Its Applications 
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Fourier transform ion cyclotron resonance mass spectrometry (FT-ICR MS) has emerged as a powerful tool 

for the analysis of extremely complex mixtures, such as crude oils, water and soil-derived organic 

substances, resulting in rapid and accurate interpretation of the elemental compositions of complicated 

samples. The unsurpassed resolving power (full width at half maximum, FWHM: >500,000) and mass 

accuracy ( 
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Tutorial for cutting-edge KBSI Electron microscopy technologies for 
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Electron microscope is a tool for imaging, diffraction and spectroscopy. Through these techniques, we can 

obtain shape information, crystallographic details, and chemical composition of the object on a very fine 

scale in a given microstructure. Thanks to these multi capabilities electron microscope has emerged as an 

instrument for complete characterization of nano scale microstructure of materials such as catalysis nano 

particles, polymer nanowire.In this tutorial an overview of different electron microscopy techniques, 

including scanning and transmission electron microscopy will be given. We also introduce cutting-edge 

KBSI electron microscopy technologies such as aberration correction equipment, phase contrast imaging , 

low-dose microscopy, STEM detectors, 3D tomography, liquid cell imaging and environmental electron 

microscopy technologies that can be bridged to chemistry. 
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Isotopes are variants of a particular chemical element which differ in neutron number. The isotopic analysis 

has two major applications in environmental and earth sciences. The analysis of non-traditional stable 

isotopes is concerned with measuring isotopic variations arising from mass-dependent isotopic 

fractionation in natural systems. The radiogenic isotope analysis involves measuring the abundances of 

decay-products of natural radioactivity, and is used in radiogenic isotope dating. The measurements of 

isotopic variations are mainly based on inorganic mass spectrometry. There are various mass spectrometer 

such as SHRIMP, MC-ICP-MS, IRMS, TIMS and static vacuum mass spectrometer and also, equipped 

with elemental analysis instruments- ICP-AES/MS, Glow Discharge Mass spectrometer- in our Lab. We 

have carried out collaborated research on geological and environmental sciences with large-scale equipment 
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NFEC(National Research Facilities and Equipment Center) has performed as a think-tank for establishing 

the national policy regarding the strategic investment, the efficient usage of equipment and sharing them. 

Last year, as ‘1st Advancement Plan’ of MSIT(Ministry of Science and ICT) expired, we supported the 

establishment of '2nd Advancement Plan (year 2018 to 2022) for Operating and Utilizing the National 

Research Facilities and Equipment' which was announced in January 2018. This plan proposes mid-/long-

term counterplans related to national R&D facilities and equipments. By studying political issues 

continuously, we would impose the related laws and regulations that encourage the use of R&D facilities  

and equipments. This is a brief introduction of several significant policies starting from 2018. 
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Deliberation System and Process for National Research Facilities & 

Equipment 
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1National Research Facilities & Equipment Center, Korea Basic Science Institute, Korea 

  

The government has operated the national research facilities & equipment deliberate system to deliberate 

the feasibility of purchasing R&D facilities & equipment when allocating or adjusting budgets for facilities  

& equipment that is deployed with R&D budget over the past 10 years. Through this, we contribute to the 

efficiency of investment and reasonable execution of the national R&D budget. This subject is intended to 

explain to researchers the national R&D investment deliberation system, and to help them understand it. 
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Management of Total Project Cost for National Research & 

Development 
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Management of Total Project Cost is regime to improve efficiency of fiscal expenditure by rationally  

adjusting and managing the total project cost of large-scale projects implemented by the national budget or 

fund. The project subject to the management includes civil engineering and informatization projects with a 

project period more than two years and a total cost of more than 50 billion won or construction and R&D 

projects with a total cost of more than 20 billion won. In this subject, we will help researchers to better 

understand about management system of Total Project Cost according to the revised guidelines notified by 

Ministry of Strategy and Finance in May 2016. 
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Research institutes that have national research facilities and equipment are continuously emerging  

equipment that is not well used to the loss of purpose due to termination of research projects. Although it 

is possible to use in such equipment, in many cases, they are disposed of for the purpose of administrative 

convenience of research institutes. And even if research institutes dispose of equipment in compliance with 

complicated administrative procedures, researchers or research institutes can not be provided many 

advantages.Therefore, in the viewpoint of national level for the research facilities and equipment 

management, if it is judged that there is no utilization plan of equipment during a certain period of research 

institutes owned equipment, transfer to the institute planning to utilize the equipment. It is planning to 

promote a recommendation system that can increase the circulation and utilization rate of the equipment.To 

enable researchers or research institutes to induce a change of thinking from ownership to share a research 

facilities and equipment. And we are also planning to promote an economic incentive system so that they 

can voluntarily and positively dispose equipment with a declining utilization rate. In other words, in the 

viewpoint of national level, it is planned to provide mileage points to excellent institutes that transferred 

the number of equipments with a low utilization rate to other institutes. The research institute can be 

supported at the maintenance cost of research facilities and equipment with accumulated mileage points. 
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A systematic support of ZEUS for the registration and record-keeping 

of national facilities and equipment 
 

Byung Hyun Ko*, ANGEE MIN* 

 
National Research Facilities & Equipment Center, Korea Basic Science Institute, Korea 

  

Research facilities and equipment that have been acquired or purchased via national R&D programs should 

be registered with ZEUS(Comprehensive Portal of Equipment Utilization) or NTIS within 30 days after 

purchase according to Article 25, Paragraph 5, of the 「Regulations for the Management of national R&D 

programs」.You used to register your research facilities and equipment with NTIS, but from now, you will 

register and manage them more easily and conveniently at ZEUS, a one-stop service for research facilities  

and equipment. So I would like to explain how you can register and manage research facilities and 

equipment at ZEUS. 
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Zone for Equipment Utilization Service(ZEUS) I (Introduction of 

services for researchers) 
 

Chanyoung Jun, ANGEE MIN*, Euh Duck Jeong1 

 
National Research Facilities & Equipment Center, Korea Basic Science Institute, Korea 

1Korea Basic Science Institute, Korea 

  

In order to enable researchers to make better use of research facilities and equipment, NFEC has created a 

search engine for research facilities and equipment available for sharing, named Zone for Equipment  

Utilization Service(ZEUS). ZEUS encourages systematic sharing of research facilities and equipment and 

greater openness of information and knowledge among researchers by providing an effective and user-

friendly sharing platform. ZEUS mainly consists of a reservation service, a consultation service, and a 

management service for researchers. 
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Zone for Equipment Utilization Service(ZEUS) II(Cloud service for 

organizations) 
 

Seong Bong Jeong, ANGEE MIN* 

 
National Research Facilities & Equipment Center, Korea Basic Science Institute, Korea 

  

In this session, we introduce cloud equipment utilization service(cloud service) supported by ZEUS - the 

necessity cloud service for organizations, functions & method of use, and the status of cloud service in 

order to vitalize co-utilization research facilities and equipment.Through cloud service, you will be able to 

utilize research facilities and equipment more easily and conveniently and you will be supported by NFEC 

throughout the entire process. NFEC will take the lead in building co-utilization ecosystem where everyone 

can participate. 
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The Direction of Korean Petrochemical Industry and the Needed 

Talents from the Industry 
 

Gyung-Bo Kang 

 
Lotte Chemical R&D Center, Korea 

  

Korean petrochemical industry keeps its profit steady during time. However a crisis from various external 

and internal environmental changes is anticipated in the future. LOTTE Chemical and other petrochemical 

companies are not only seeking for solutions to confront future crisis, but also preparing strategies about 

the future business that the fourth industrial revolution will bring. 

 

Numerous petrochemical companies are investing their research and development costs to develop high-

tech material businesses and to equip new facilities. In addition, the government also promises supports 

such as related job opportunities and deregulation. As new technology emerges and the fourth industrial 

age arrives, skills and talents of high demanded talents have also changed. 

 

LOTTE group has selected “Women”, “Children” and “Global” as keywords to increase its future brand 

value and made effort to select qualified talents. LOTTE Chemical tried to develop women in the workforce, 

keep gender equality in terms of welfare benefits, and provide great work place for talent acquisition. 

 

In this lecture, direction of the new growth in petrochemical industry and an explanation about job 

competence of high demanded talents will be introduced. 
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The Key Innovation is Education 

 

Kil-Choo Moon 

 
UST, Korea 

  

Our life has been changed tremendously due to industrial revolutions. Technology in the past 50 years has 

seen unprecedented developments that had previously not been witnessed in 10,000 years of technological 

progress. Today, it is difficult for us to draw the blueprint for the future 50 or 100 years from now. What 

can be stated is that social-economic factors have had an effect on changes in our lives so far, on the other 

hand, science and technology factors will now bring the changes of our lives. The changed never 

experienced before. We acquired new sources of power in the first industrial revolution, embraced  

automation in the second, and saw a trend of computerization in the third. And we are facing new era which 

is called 4th industrial revolution. 

 

When we look back into the past 50 years, it leads to the question of whether pursuits in science and 

technology have been undertaken with sincere intentions to contribute to modern life. Now, it is a time to 

ask for the future paradigm of R&D strategies to improving human life. In conclusion, is most likely to be 

found in a new revamp of education that prepares us for the future which is education technology (edu tech). 
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Quantum Dots for High-Picture-Quality Displays 

 

Changhee Lee 
 

Department of Electrical and Computer Engineering, Seoul National University, Korea 

  

A colloidal quantum dot (QD) is a semiconductor nanoparticle whose electrical and optical properties 

change as its size decreases to a nanometer scale due to quantum confinement effect. Unlike conventional 

light-emitting materials, the size and shape of the QD can be tuned to emit light very efficiently at red, 

green, and blue wavelengths with high color purity, thus enabling us to fabricate high-picture quality 

displays. In the liquid crystal display (LCD), red and green QDs are used for enhancing color gamut. QDs 

in the light-emitting diode structure (QLED) can also be directly excited by the electrical excitation , 

generating efficient three primary colors. The performance of QLEDs has been greatly improved as a result 

of remarkable advances in the QD synthesis, device engineering and fundamental understanding of the 

device physics. Here, we will review recent progress of the QD technology for display applications with an 

emphasis on QLEDs. 
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Development of high-energy-density lithium ion batteries and 

prospective organic electrolytes 
 

Nam-Soon Choi 
 

Eco-Friendly Energy Engineering, Ulsan National Institute of Science and Technology, Korea 

  

In the 21st century, the era of fossil fuels such as oil will wane due to both energy and environmental 

concerns and the arrival of a new era of green renewable energy is expected. Solar energy, wind power, 

tidal power, and nuclear power are mentioned as the next generation energy, but it is difficult to use these 

kinds of energy for transportation such as vehicles due to their uneven energy production. From this 

perspective, the interest in energy storage technology is on the rise as a means to solve this problem. It is 

believed that commercially available Li-ion batteries (LIBs) are the most feasible alternatives from the 

viewpoint of current technical maturity and economic consideration. Although LIBs were successfully 

commercialized, a noticeable improvement in energy density of Li-ion cells is required to satisfy needs for 

high power and/or capacities for applications such as power tools, electric vehicles or efficient use of 

renewable energies. Moreover, the need for inexpensive and safe Li rechargeable battery materials for 

large-scale environmentally benign cells has intensified in recent years. In this presentation, we will 

highlight recent advancements in the development of high-energy-density LIBs and functional organic 

electrolytes that is an immediate technological solution for high performance LIBs. 
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Introduction of Biosafety for Scientists 

 

JiYoung Kang 

 
Seoul National University Hospital, Korea 

  

Due to recent epidemics of infectious diseases and infant deaths due to pathogen spread in hospitals, the 

area of biosafety has been recognized to extend to the range of all scientists dealing with living organisms, 

as well as in the area of special researchers studying dangerous infectious diseases. 

In particular, the boundaries between the scientific fields have become unclear due to the expansion of 

researches on fusions between fields rather than individual development. In addition to biologists with  

pipettes in biological laboratories, research on living organisms is now being carried out in a variety of 

fields, from chemists, physicists, computer scientists, and statisticians, working together to do image 

analysis of living cells using advanced instruments and techniques and create big-data. 

”Introduction of Biosafety for Scientists" aims to provide insight into the basic knowledge and laws of 

biosafety required for all scientists working in laboratories with living research organisms. 
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Health effect, exposure assessment and control of engineering 

nanoparticles 
 

Chungsik Yoon 

 
Department of Environmental Health, School of Public Health, Seoul National University, Korea 

  

Nanoparticles are expanding their use due to their physico-chemical properties (e.g. small size, large surface 

area, surface reactivity), as compared to conventional large particles. On the other hand, toxicity tests have 

been conducted since 1990s to support the hypothesis that these characteristics could also affect human 

health. 

The health effects that have been found so far can be summarized into four categories follows. First, 

nanomaterials can cause inflammation on certain organs or tissues. Second, inhalation of nanoparticles can 

move not only the lungs but also other tissues and organs, and even reaches the brain. Third, there is still 

controversy about the possibility of skin absorption, but healthy skin can block nanoparticles well, but 

damaged skin or mucous membrane sites are likely to penetrate nanoparticles. Finally, the toxicity of 

nanoparticles has been reported to be better explained by surface concentration or number concentration 

than weight concentration. 

It is difficult to measure the actual surface area so number concentration has been used to express the 

association between airborne concentration and related health effects or to evaluate airborne concentration.  

It is also known that if the four characteristics above are common health concerns, they will have 

significantly different health effects by type of nanoparticles. For example, multi-walled carbon nanotubes 

have been reported to cause fibrosis as well as inflammation in the alveolar region, and the surface, physical 

properties, and external structure of the carbon nanotube have been nicknamed as small asbestos. In other 

studies, single wall carbon nanotubes have been reported to exert more influence on the inflammatory  

response, and silver nanoparticles are known to have a severe healthy effect than the large silver particles.  

Nanoparticles are most likely to be exposed to researchers or workers during the manufacturing process or 

application process. At present, however, there is the greatest concern about inhalation exposure, and it is 

common to evaluate the exposure of nanoparticles for each job in water concentration. 



In the laboratory or research institute, the tasks such as weighing, cutting, grinding, packaging and also 

unexpected leaks, where nanoparticles can be scattered into the air, have been reported to show high 

airborne concentrations.The control hierarchy of reducing hazards at the workplaces such as elimination, 

substitution, isolation, ventilation, administrative and personal protective equipment has been proved to 

reduce nanoparticle exposure. Also, general management principles of nanoparticles such as keeping clean 

laboratory, inhibit scattering, sealing, wet sweeping, and vacuuming with HEPA filter could reduce 

nanoparticle exposure, 

In this presentation, I will systematically present the health effects of nanoparticles, methods and examples  

of exposure assessment at research facilities, the status of nanomaterial regulation in each country, and 

management of nanoparticles, taking into consideration the above points. 
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Laboratory Safety Law and Laboratory Safety 

 

Ik-Mo Lee 
 

Department of Chemistry, Inha University, Korea 

  

Laboratory Safety Law, legistered in April, 2005, has enacted for the safety of researchers in the fields of 

science and engineering since March, 2006. In this lecture, the background, contents, and recent 

amendments of this law and recent accident statistics and examples will be presented. The possibility of 

accident prevention and duties of the research manager will be also discussed.  

 

Keywords: Laboratory Safety, Laboratory safety law, safety 
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A Novel Approach for Green Processable and Highly Efficient 

Semiconducting Polymers by Introducing Asymmetric Substitution 
 

Junwoo Lee, Guan-Woo Kim, Minjun Kim1, Taiho Park* 

 
Department of Chemical Engineering, Pohang University of Science and Technology, Korea 

1Chemical engineering, Pohang University of Science and Technology, Korea 

  

We studied on asymmetric alkyl substitution to approach high efficient HTMs with green processing. The 

concept resulted in asymmetry in the monomer itself, leading to irregularity despite being a homopolymer. 

Amorphous nature from irregularity is one of the method to increase solubility and miscibility. We 

synthesize and characterize asymmetric polymer named asy-PBTBDT and fabricate hole transport layers 

using applicable green solvents from Hansen solubility parameters. The green solvent is named 2-methyl 

anisole that is used in food additives, which is edible and no harmful in human body. Existing hole transport 

material in perovskite solar cells has only been applied to toxic solvents such as chlorobenzene due to 

solubility problems. These solvents result in limitation for the practical use. Therefore, substitution to non-

halogen solvents is important to commercialize of perovskite solar cell devices. The device using 

asymmetric polymer leads to a PCE of around 20 % using food additive solvent (2-MA) with additives (Li-

TFSI and t-BP) and a PCE of 18 % without additives Furthermore, the polymeric HTM leads to longer 

stability than common spiro-OMeTAD. The polymeric HTM may be a promising material to replace spiro-

OMeTAD due to a green processing process for commercialization, stability and high efficiency. 
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Direct Formation of Large-Area 2D Nanosheets from Fluorescent 

Semiconducting Homopolymer with Orthorhombic Crystalline 
Orientation and Further Study of Super-Rigid 1D-Nanoribbon from 

Block Copolymer 
 

Sanghee Yang, Tae-Lim Choi1,* 

 
Chemistry, Seoul National University, Korea 

1Division of Chemistry, Seoul National University, Korea 

  

Self-assembly of semiconducting polymers has been widely investigated due to intriguing optoelectronic 

properties for the application. Among the various multidimensional nanostructures, 2D materials have 

received the most attention due to their intriguing electronic performances but introducing an anisotropic 

orientation remains challenging. Here, we demonstrate a new direct formation of various large-area 2D 

nanosheets resembling leaves, rectangles, and rafts by the living cyclopolymerization of a 1,6-heptadiyne 

monomer containing a fluorene moiety. Based on high-resolution transmission electron microscopy and X-

ray diffraction analysis, we suggest that orthorhombic crystalline packing of the resulting conjugated 

polymer is the basis of 2D sheet formation. Furthermore, this unique interdigitating slip-stack packing 

model enables the synthesis of super-rigid 1D nanoribbon through a block copolymer. The fluorescence of 

both structures enable the super-resolution fluorescent imaging, thereby allowing for the real-time 

monitoring of the individual nanostructures in solution. 
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Improving the Photovoltaic Performances and Stability of Inverted 

Flexible Perovskite Solar Cells Employing a Novel NDI-based 
Polymeric Electron Transporting Layer 

 

HONG IL KIM, Minjun Kim1, Taewan Kim, Taiho Park* 

 
Department of Chemical Engineering, Pohang University of Science and Technology, Korea 

1Chemical engineering, Pohang University of Science and Technology, Korea 

  

A new naphthalene diimide (NDI)-based polymer with strong electron withdrawing dicyanothiophene 

(P(NDI2DT-TTCN)) is developed as the electron transport layer (ETL) in place of the fullerene-based ETL 

in inverted perovskite solar cells (Pero-SCs). A combination of characterization techniques, including 

atomic force microscopy, scanning electron microscopy, grazing-incidence wide-angle X-ray scattering, 

near-edge X-ray absorption fine-structure spectroscopy, space-charge-limited current, electrochemical 

impedance spectroscopy, photoluminescence (PL), and time-resolved PL decay, is used to demonstrate the 

interface phenomena between perovskite and P(NDI2DT-TTCN) or PCBM. It is found that P(NDI2DT-

TTCN) not only improves the electron extraction ability but also could prevent ambient condition 

interference by forming a hydrophobic ETL surface. In addition, P(NDI2DT-TTCN) has excellen t  

mechanical stability compared to PCBM in flexible Pero-SCs. With these improved functionalities, the 

performance of devices based on P(NDI2DT-TTCN) significantly outperform those based on PCBM from 

14.3% to 17.0%, which is the highest photovoltaic performance with negligible hysteresis in the field of 

polymeric ETLs. 
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Thermo-responsive polymer capsule for reliable multiplex analysis of 

influenza virus RNA by one-step RT-qPCR 
 

Junsun Kim, Sang Kyung Kim* 

 
Center for BioMicrosystems, Korea Institute of Science and Technology, Korea 

  

Recently, combination method of the Reverse Transcription (RT) and Quantitative Polymerase Chain  

Reaction (qPCR), called one-step RT-qPCR has emerged as a powerful method for analysis of RNA targets. 

Especially, since the one-step RT-qPCR requires minimal sample handling and only needs brief workflow, 

it has significant merit for point-of-care analysis. However, this method has critical limitation, which is 

‘severe side products’. Presence of PCR primers at the RT process induces major portion of side 

products.To solve this problem, we utilized thermo-responsive polymer as a capsule containing PCR primer. 

The thermo-responsive capsule was maded from commercially available Upper Critical Solution 

Temperature (UCST) materials, which has critical temperature above the RT thermal condition. The PCR 

primers inside the capsule could be isolated during RT process, so the side product generation was 

completely prevented. For the subsequent PCR process, the capsule was melted and the contained PCR 

primers could be released out and participate into PCR effectively.Using this thermo-responsive material 

based delivery system, we enhanced sensitivity 10 times more than conventional methods with quantitative 

stability and achieved reaction efficiency over 90%. Moreover, we presented mutliplex one-step RT-qPCR, 

which has been avoided previously due to its severe side product problem. Influenza viruses were 

individually identified within 30 minutes. This novel and powerful method will be utilized for many other 

nucleic acid targets, because it is not limited to specific target, but has general versatility for general RNA 

and DNA. 
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Controlled Tandem Olefin Metathesis/Metallotropic 1,3-Shift 

Polymerization for the Synthesis of Fully Conjugated Polyenynes 
 

Cheol Kang, Tae-Lim Choi* 

 
Division of Chemistry, Seoul National University, Korea 

  

To date, olefin metathesis polymerizations using Grubbs catalysts have been widely used to produce well-

defined polyalkenomers. Herein, we demonstrate the first example of cascade polymerization by combining  

olefin metathesis and metallotropic 1,3-shift reactions to form unique conjugated polymers consisting of 

sequence-specific polyenynes (triene-yne). By rationally designing of a series of monomers, tetradeca-

1,6,8,13-tetrayne moieties, we achieved highly selective cascade transformations via ring-

closing/metallotropic 1,3-shift/ring-closing reactions to produce polyenynes with high molecular weights. 

After careful optimization, living polymerization was realized to give controlled molecular weights and 

narrow dispersities (Ð). Detailed kinetic investigations of the polymerization mechanism conducted using 

in situ NMR analysis confirmed that the metallotropic 1,3-shift was a fast process and the stability of the 

propagating carbene improved upon addition of a pyridine ligand. Thus, block copolymers were 

successfully synthesized, making this cascade polymerization approach a useful tool for preparing a new 

class of conjugated polymers. 
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Donor–Acceptor Type Dopant-Free, Polymeric Hole Transport 
Materials for Highly Efficient and Stable Perovskite Solar Cells 

 

Guan-Woo Kim, Junwoo Lee, HONG IL KIM, Taiho Park* 

 
Department of Chemical Engineering, Pohang University of Science and Technology, Korea 

  

Organic–inorganic hybrid perovskite has led to the development of new solar cells with outstanding 

efficiency. In perovskite solar cells (PSCs), perovskite is sandwiched between a working electrode 

(fluorine-doped tin oxide) and a counter electrode (gold, Au). In order to transport charges and block 

opposite charges efficiently, charge transport layers are inserted between perovskite and the electrodes. In 

particular, a hole transport layer (HTL) is important in the conventional structure because it generally 

prevents perovskite from exposure to air. Dopants incorporated into the HTL must be harmful to perovskite 

layer due to their deliquescence and basicity. In addition, hydrophilic HTL cannot prevent the permeation  

of moisture in air. Therefore, it is necessary to investigate dopant-free and hydrophobic polymeric hole 

transport materials (HTMs). In this study, a novel polymeric HTM (PTEG) is synthesized by controlling 

the solubility using a tetraethylene glycol group. PTEG has much better solubility than reference BDT-BT 

based polymer and suitable energy level alignment with perovskite layer.The planar-PSC employing PTEG 

exhibits an efficiency of 19.8% without any dopants, which corresponds to the highest value reported to 

date. In addition, PTEG devices exhibited high efficiency and stability irrespective of the device 

configuration. This study offers a fundamental strategy for designing and synthesizing various polymeric 

HTMs. 
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Donor-Acceptor Copolymer Series for Photonics and Electronics 

 

Věra Cimrová*, Veronika Pokorná, Petra Babičová, Drahomír Výprachtický 

 
Institute of Macromolecular Chemistry, The Czech Academy of Sciences, Czech Republic 

  

Semiconducting conjugated polymers are extensively studied due to their potential applications in 

photonics and electronics. Low-bandgap donor-acceptor copolymers belonging to the third generation of 

semiconducting polymers are particularly of interest for photovoltaic applications. Recently, series of 

donor-acceptor (D-A) copolymers with the backbones consisting of various combinations of electron donor 

and electron acceptor units and also various side chain combinations were synthesised and studied. The D-

A copolymers of the first series consisted of electron-acceptor units 4,6-di(thiophen-2′-yl)thieno[3, 4-

c][1,2,5]thiadiazo le (T) or its derivatives and various electron-donor units (9,9-bis(alkyl)fluorene, 2,5-

didodecyl-1,4-phenylene or 2,5-didodecyloxy-1,4-phenylene, bithiophene or carbazole derivatives). The 

D-A copolymers of the second series are composed of electron-acceptor N,N'-dialkylperylene-3,4:9, 10-

tetracarboxydiimide and three different electron-donor units (9,9-dioctylfluorene or 9-alkylcarbazole). 

Complex studies of their properties (photophysical, thermochromic, electro- and spectroelectrochemical, 

charge transport) and testing in photovoltaic devices with bulk heterojunctions were performed. The results 

will be reported and discussed in relations to the copolymer backbone structure, side chain nature and length, 

and molecular weight as well. We thank the Czech Science Foundation for supporting this work with grant 

18-14683J. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.O-1 

Area: Oral Presentation of Young Inorganic Chemists 

Type: Oral Presentation, Time: THU 09:00, Chair: Eunsung Lee 

 

 
Noble metal-based nanocomposites for electrochemical sensor 

transducer application 
 

Junseop Lee 

 
Department of nano chemistry, Gachon University Global Campus, Korea 

  

The synthesis of novel materials with improving property and performance is a continually expanding 

frontier of materials science. In this regard composite materials, composed of organic/inorganic 

components, exhibit beneficial properties originating from each component and satisfy the economical and 

environmental challenges of the industry. Especially, conducting polymer based nanocomposites have been 

used as sensor transducers owing to their conjugated polymer backbone structures comprising alternating 

single and double bonds. In this presentation, we suggest two types of nanocomposites that are platinum-

decorated polypyrrole nanoparticles and porous palladium layer coated polypyrrole nanoparticles, 

respectively, to apply electrochemical sensor systems such as dopamine non-enzyme biosensor and 

hydrogen gas chemical sensor transducer. As a result, these composite based-sensor electrodes exhibit  

ultrahigh sensitivity and stability toward each analytes due to the unique morphology of the noble metal 

components in the composite structure. 
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Inversion Symmetry Breaking by Cation Ordering/Rearrangements in 

the Centrosymmetric Mixed Metal Oxides 
 

Sun Woo Kim 

 
Department of Chemistry Education, Chosun University, Korea 

  

Noncentrosymmetric (NCS) mixed metal oxide materials have been studied for decades because of their 

interesting physical properties, including ferroelectricity, piezoelectricity, pyroelectricity, multiferroicity , 

magnetoelectricity, and second harmonic generation (SHG). Several strategies along with first principles 

calculations have been proposed and investigated to search for new NCS oxide materials, however, it is 

still a challenge to design and to synthesize new NCS oxide materials with optimal characteristics. In this 

presentation, we will demonstrate that by ordering, or rearrangement of the B/B' cations the inversion 

symmetry of the parent centrosymmetric oxides (PbSb2O6-related and CaTa2O6-related, ABB'O6) could be 

broken. This strategy will help to design and synthesize new multifunctional NCS oxide materials. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.O-3 

Area: Oral Presentation of Young Inorganic Chemists 

Type: Oral Presentation, Time: THU 09:40, Chair: Eunsung Lee 

 

 
Sonofragmentation of Ionic Crystals 

 

Hyo Na Kim, Kenneth S. Suslick* 

 
Chemistry, University of Illinois at Urbana-Champaign, United States 

  

When ultrasound is applied to a liquid, acoustic cavitation occurs; bubbles are generated, oscillate, expand 

and, when specific criteria are met, implosively collapse. If a bubble collapses near a significantly larger 

surface or particle, the bubble collapses asymmetrically and a high-speed liquid stream with a velocity > 

100 m/s is generated (i.e., microjet). The liquid moves toward the surface of the solid material in the solid-

liquid mixture and deforms it or changes its chemical composition. Also, shockwaves, generated from 

acoustic cavitation, can cause high velocity collisions between micron-sized solid particles (i.e., 

interparticle collisions) or directly interact with particles inducing breakage (i.e., sonofragmentation). In 

this work, the breakage of ionic crystals was quantitatively investigated when ultrasound was irradiated to 

the slurries of ionic crystals. There was strong correlation between the strength of the materials (as measured 

by Vickers hardness or by Young’s modulus) and the rate of fragmentation of the ionic crystals. This is a 

mechanochemical extension of the Bell–Evans–Polanyi Principle or Hammond’s Postulate: activation 

energies for solid fracture correlate with binding energies of solids. In addition, it was confirmed that a 

direct interaction between the shockwaves and the ionic crystals in the slurries was the major mechanis m 

of the particle breakage. Detailed mechanism of the fragmentation was proposed to occur from defects in 

the solids induced by compression-expansion, bending, or torsional distortions of the crystals. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.O-4 

Area: Oral Presentation of Young Inorganic Chemists 

Type: Oral Presentation, Time: THU 10:00, Chair: Eunsung Lee 

 

 
Construction and Chemical Phenomena of Coordination-driven 

Supramolecular Materials 
 

Tae Hwan Noh 

 
Department of Chemistry Education, Chonbuk National University, Korea 

  

Tailor-made supramolecular architectures are a hot issue in the fields of nanotechnology, molecular sieves, 

ion sensors, recognition, confined space reactors, and fluidic transport systems. One of the most efficient 

and convenient process for the construction of fruitful transition metal compounds is "self-assembly" which 

the molecules adopt a defined arrangement without guidance or management from an outside source. A 

proper choice of suitable interactions such as hydrogen bonds, hydrophobic interactions, π∙∙∙π interactions, 

and electrostatic interactions as well as covalent interactions is essential in self-assembly process and 

determines the stability of the resulting supramolecular architecture. In particular, coordination bonds show 

higher modularity in the bond strengths and angles compared to other weak interactions. That is, task-

specific metal coordination receptor can be specifically designed and synthesized according to the selection 

of basic components such as the coordination geometry of the metal ions, the binding site of the donating 

atoms, the reactivity, charge, and lengths of the ligands. In this presentation, I'd like to present my previous 

studies not only on the rational design and construction of transition metal complexes by self-assembly of 

multi-dentate ligands with central metal ions but also on the various chemical phenomena such as structural 

switching, guest inclusion, and (photo)chemical performance including radical trapping, energy-transfer, 

and photocatalysis. 
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Synthetic Modeling of Mono-Iron Hydrogenase (Hmd): Utility of 

Anthracene Scaffold to Emulate the Facial Geometry of the Enzyme 
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Hydrogenases are metalloenzymes that involve energy metabolism in microbial communities as catalyzing  

the reversible oxidation of molecular hydrogen. The enzyme family is classified into three kinds, [FeFe]-, 

[NiFe]-, and [Fe]-hydrogenase. The dinuclear [FeFe], [NiFe]-hydrogenases have been studied in detail 

about their redox activity in the H2 generation and metabolism. Unlike the dinuclear hydrogenases, the 

third hydrogenase, mono-[Fe] hydrogenase, remains less studied. The enzyme catalyzes reversible 

conversion of methenyl-H4MPT+ to methylene-H4MPT during the methanogenic CO2 conversion as 

promoting the heterolytic splitting of H2. In aspect of the structure, the active site contains an Fe-ligating  

pyridone cofactor and another ligands of cysteine, two carbonyls and solvent in an octahedral geometry. 

The acyl-C, N donor in the pyridone ligand compose a facial coordination geometry together with the 

cysteine-S donor. We investigate the structural and functional relationship of the [Fe]-hydrogenase active 

site by synthesizing the model complexes.In recent progress, we realized the facial coordination geometry 

is a key to demonstrate the enzyme-like reactivity using synthetic model complexes. The C, N, S donors 

set in the facial geometry enforces a substrate binding site to place in trans to the Fe-C sigma donor. While 

the Lewis acidic Fe(II) center and the H4MPT+ split the molecular hydrogen, the acyl-C adjusts the Lewis  

acidity of Fe(II) ion to transfer hydride to H4MPT+ efficiently. In experimental comparisons with another 

model complex in a meridional coordination geometry, only the facial geometry model showed the enzyme-

like reactivity, heterolytic splitting of H2 and the hydride transfer. We understand a reason of the facial 

geometry in the active site is to control the substrate (H2, methylene-H4MPT) interaction site to be placed 

in trans position to the Fe-acyl organometallic sigma bond. In the seminar, I will present a synthetic strategy 

using anthracene scaffold to construct our model complexes in the necessary facial coordination geometry, 



and additionally discuss the enzyme-like reactivities of the synthetic models towards molecular hydrogen 

and other substrates. 
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Introduction of Single Crystal Crystallography using Synchrotron X-

ray 
 

Dohyun Moon 

 
Beam Operation Team, Pohang Accelerator Laboratory, Korea 

  

Supramolecular Crystallography Beamline (BL2D-SMC) at the Pohang Accelerator Laboratory is the 

unique dedicated crystallography beamline for crystalline small and supra molecule using synchrotron 

radiation in Korea. The single crystal crystallography is very useful technique for determining the atomic 

and molecular structure of material. It should be required fine and high-flux X-ray for generate good 

structure solution. Currently BL2D-SMC is supported high-flux X-ray with diverse wavelength range from 

1.5 to 0.6 Å, and easy to change temperature with range 85 to 500K as using a Cryojet 5 instrument. These 

devices can be easily used by user own through beamline data collection software (BL2D-SMDC). The 

beamline has installed the high speed and durable large area CCD detector (Rayonix MX225HS) in Mar. 

2018. This CCD detector is very fast (10 image per sec, 2x2, 16bits standard) and high quality with high 

dynamic range (1x1, 18 bits HDR). It will give a chance to get the structural change of the single crystals 

or to get the high resolution image data. I will explain the current information of 2D SMC beamline at 

Pohang Light Source II and introduce what is the benefits with the synchrotron crystallography in the 

presentation. 
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Structure dependency of coupling between out-of-plane (oop) motion 

and the internal rotation in the first excited state 
 

Heesung Lee, Junggil Kim, Sang Kyu Kim* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

We have studied the methyl internal-rotation dynamics of trans and cis meta (m)-Methylthioanisole (MTA). 

Methyl internal-rotation looked different activities in the S1-S0 transitions in both conformers although there 

was marginal difference between two conformers’ photo-dissociation dynamics based on the total kinetic 

energy release (TKER) distribution of photo-fragments (C6H5S∙ + CH3∙) using velocity map ion-imaging  

(VMI) technique. We tried to assign the combination peaks of methyl internal-rotation and methylthio  

torsion overtone for cis m-MTA (publication in preparation).Subsequent experiment for ortho (o)-MTA 

gave us further insight. In this study, we observed distinct dynamic channels compared to the ambiguous 

dynamic features in m-MTA. In resonance enhanced two-photon ionization (R2PI) experiment, there was 

a small origin peak which means that the structural change between S1-S0 is large followed by (or following) 

reduced Franck-Condon (FC) factor for origin transition of o-MTA. Origin doublet (twofold larger energy 

gap compared to that of m-MTA) might be ascribed to the coupling of two potentials; as such, methyl 

internal-rotation and torsion (or out-of-plane) might be coupled and not be combined.Here, we try to 

quantify the coupling of aforementioned two structural changes as well as qualify the coupling itself. 

Specific results will be presented in the 121st conference of Korean Chemical Society on ICC Jeju (April 

18 ~ 20, 2018). 
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Photoinduced Symmetry-Breaking Charge Transfer Dynamics of 9,9'-

Bianthracene 
 

Changmin Lee, Cheol Ho Choi1,*, Taiha Joo* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 
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9,9’-Bianthracene (BA) is a representative model system of the symmetry-breaking charge transfer (SBCT). 

BA consists of two anthracene rings linked by a sigma bond. Upon photoexcitation, only one anthracene 

ring is excited, and this stated is called locally excited (LE) state. In polar solvents, a further reaction occurs 

to form charge transfer (CT) state. 

Time-resolved fluorescence (TF) spectra of BA in heptane, acetonitrile, ethanol, and acetone were obtained. 

By analyzing the spectra, it was found that the CT reaction time was identical to the rotational solvation 

rate. High-resolution TF was obtained in acetonitrile solvents, and coherent nuclear motion of 40 cm-1 and 

500 cm-1 were observed. Excited-state quantum mechanics/effective fragment potential molecular 

dynamics (QM/EFP MD) simulation to track the S1 state was performed for 65 Franck-Condon (FC) points 

which were made from the ground state equilibration process. As a result, the formation of the CT state 

was observed in almost all FC points. The electric field at the center of BA molecule was grown similarly  

to the reaction itself. We obtained the nuclear geometry with respect to time from the simulation results to 

analyze the geometrical change during the reaction. The torsional motion between two anthracene rings 

and the stretching motion of the central C-C bond was observed to be relevant to the CT reaction. These 

two motions well corresponded to the observed coherent nuclear wave packet, 40 cm-1, and 500 cm-1, 

respectively. 

The CT reaction of BA is entirely coupled to the rotational motion of solvents, not inertial motion. Torsional 

motion between two anthracene rings and stretching motion of central C-C bond was observed during the 

reaction. 
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Assessment of anisotropic mechanical properties in two-dimensional 

carbon allotropes 
 

SIBY THOMAS, hoijung jueng1, Sang Uck Lee2,* 
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Even though graphene remains the most stable planar form of carbon with a honeycomb atomic 

arrangement, the search for other two dimensional (2D) carbon allotropic structures was also reconnoiter 

the other possible forms of 2D carbon. Here, we consider five 2D carbon allotropes such as (a) psi-graphene, 

(b) pha-graphene, haeckelite structures containing 5, 6 and 7 rings called (c) hexagonal (h5,6,7) and (d) 

oblique (o5,6,7) and a (e) non-hexagonal rectangular 5 and 7 rings (r5,7) in addition to graphene [1-3]. We 

calculated the elastic constants of these 2D carbon allotropes using the framework of classical molecular 

statics simulations by varying the energy of the system in the presence of an applied strain [4]. From the 

analysis, we found that the studied 2D allotropes satisfy Born-Huang criterion for mechanical stability (C11 

> 0, C11 > C12 and C66 > 0) [5]. The direction dependent anisotropic behavior is clearly observed in the 

computed elastic constants. We also extracted the Young’s modulus and Poisson’s ratio of each allotrope 

from the independent elastic constants. Since the longitudinal acoustic (LA) phonon mode possess higher 

frequency in comparison to the transverse acoustic (TA) phonon mode [6], the computed longitudinal wave 

velocity (~ 21 km/s) shows a higher value compared to shear wave velocity (~ 9 km/s). Since the 

information of elastic constants are important to the display engineering of electronic devices, we believe 

that the obtained information could highly useful for the design of future graphene based opto and nano-

devices. References:[1] Terrones H et al. Phys. Rev. Lett., 84, 1716-1719 (2000).[2] Wang Z et al. Nano 

Lett. 15, 6182-6186 (2015).[3] Xiaoyin Li, Qian Wang and Puru Jena. J. Phys. Chem. Lett. 8, 3234-

3241(2017).[4] Thomas S et al. J. Phys.: Condens. Matter, 28, 295302 (2016).[5] Born M and Huang K. 

Dynamical Theory of Crystal Lattices (Oxford University Press, Oxford, 1954), p. 143.[6] Charlier J C et 



al. (2007) Electron and Phonon Properties of Graphene: Their Relationship with Carbon Nanotubes. Carbon 

Nanotubes. Topics in Applied Physics, vol 111. Springer, Berlin, Heidelberg. 
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Local structure library sampling method : a practical conformational 
analysis technique and its application to meso-meso Directly-Linked 

Porphyrin Arrays 
 

Seoungsoo Nam, Dong Ho Kim*, Eunji Sim* 

 
Department of Chemistry, Yonsei University, Korea 

  

Due to the large electronic interactions and repetitive arrangement, meso-meso directly-linked Zn (II) 

porphyrin arrays have potential applications such as molecular photonic or electronic wires. However, 

although porphyrin moieties are directly linked, their coherence length is relatively short. As a result, longer 

porphyrin arrays are known to exhibit a nonlinear structure that reduces energy transfer efficiency. We used 

computational tools to investigate the relationship between the length and conformation of porphyrin arrays. 

However, large computational resources are required to simulate long porphyrin arrays. Therefore, instead 

of using the computationally expensive time integration method of all atomic molecular dynamics, we used 

a coarse-grained model with a library sampling scheme. Based on the fact that the entire structure of the 

porphyrin array is determined by a series of local structures, the conformation of the porphyrin array was 

obtained by connecting randomly selected adjacent porphyrin dimer conformations from the local structural 

library. The local structure was generated from the dissipative particle dynamics simulations of short 

porphyrin arrays. We have defined a calculated modulation depth (Mcal) similar to the experimentally  

measurable modulation depth (M) to compare structures. The two distributions of Mcal, one from 

simulations and another from the library sampling method, are close, providing the validity of the library  

sampling scheme. We also discuss the heterogeneity of the porphyrin arrays by comparing the distributions 

of experimental M and calculated Mcal. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: PHYS.O-5 

Area: Oral Presentation for Young Scholars in Physical Chemistry 

Type: Oral Presentation, Time: THU 09:48, Chair: Nam Ki Lee 

 

 
A Theory for Heterogeneous Cancer Cell Division 

 

Hyeonjeong Bae, Bong June Sung* 
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Various anticancer drugs have been developed by interrupting the division of cancer cells. If one were to 

develop a mathematical model to predict and analyze the cancer cell division, it would help develop a new 

class of anticancer drugs. However, because cancer cells are quite heterogeneous, the development of the 

theory for cancer cell division has been a formidable task.In this work, we develop a model based on 

stochastic differential equations for cell cycle durations of the cancer cells. Our model consists of two 

differential equations that describe the concentrations of CDK1 and APC proteins, and allows us to 

investigate several cell generations. We compare our model to experiments for cell cycle durations in a 

group of cancer cells. We measure how long each cancer cell stays in G1/S/G2/M phases and calculate the 

population profile of cancer cells as a function of time. Our model successfully reproduces the experimental 

population profile. We extend our model to cancer cells treated with an anticancer drug MLN 8237 and 

find that our model reproduces the population profile of the cancer cells, too. 
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Charge Transfer at Graphene-Environment Interface Driven by 

O2/H2O Redox Reactions 
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Many low dimensional materials such as carbon nanotubes, graphene, and related 2-dimensional crystals 

undergo spontaneous charge transfer and are found hole-doped in the ambient conditions. Thermal 

annealing is known to even amplify the charge transfer in silica-supported graphene and 2-dimensional 

materials. Despite their importance towards low dimensional science and technology, however, the detailed 

mechanism of the spontaneous and activated charge transfer has yet to be revealed. In this work, we propose 

a mechanism based on a redox reaction by O2/H2O couple and verify it for two model systems: i) thermally  

activated charge transfer of graphene/SiO2 in air and ii) acid-induced charge transfer of graphene/SiO2 in 

water. Raman spectroscopy and water contact angle measurements were used to quantify charge density in 

graphene and hydrophilicity of substrates, respectively. For the first system, the degree of the activated 

charge transfer increased with increasing annealing temperature up to 500 oC but decreased in the range of 

700 ~ 1000 oC. When interfacial water was scavenged with diethyl zinc vapor, the activated charge transfer 

was negligible. Modulation of interfacial hydrophilicity by thermal hydroxylation and dehydroxylation was 

found to be responsible for the phenomenon. For the second system, we found that graphene in acidic 

solution is hole-doped in the presence of dissolved oxygen and its kinetics is strongly pH-dependent. The 

proposed mechanism will be discussed using the Marcus-Gerischer theory to explain the results from the 

two model systems. 
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Methylammonium Lead Iodide Photochemistry probed by Raman 

microscopy and fs pump-probe spectroscopy 
 

Myeongkee Park 
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There has been tremendous interest in how methylammonium lead iodide (MAPbI3) perovskite achieves 

high photovoltaic efficiency as a future promising solar cell. Many of studies, particularly, have been tried 

to understand flexible MA ion’s roles in the inorganic Pb-I framework, e.g. MA-induced polaron-screening 

and transient Rashba splitting effects. Recently, we have experimentally found mechanistic findings for 

MA’s role by employing Raman & photoluminescence microscopy, femtosecond time-resolved  

spectroscopy, and first-principles density functional theory. Our results suggest that (1) MA’s dipole 

orientational changes induce distortions of the Pb-I framework via hydrogen-bonding strength changes 

between the hydrogen of MA and the iodine atom and (2) excited-state coherent phonon modes of the Pb-

I framework are correlated with distorted structures indicating the isolated polaron formation. 
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Crystalline structure analysis of carbon materials with micro-Raman 

spectroscopy 
 

Junghwa Lee  

 
Measurement & Analysis group, Samsung Electro-Mechanics, Korea 

  

MLCC (Multi-Layer Ceramic Capacitor) composed of internal metal electrodes and dielectric ceramic 

layers is a representative passive component for electronic products. Since the crystallization starts at 

different temperature for MLCC materials, cracks between electrodes and dielectric layers can be caused 

during several sintering processes. According to the previous experiments, it is important to control both 

the amount and the characterization of the residual carbon. In this study we concentrated to clarify the 

correlation between the structural property of the residual carbon and the crack failure through high 

sintering temperature. First, Raman spectra are measured by micro-Raman spectroscopy system (Horiba, 

Ltd. T64000) with He-Ne laser (633 nm). All MLCC samples show carbon D (1350 cm-1) and G (1580 cm-

1) bands which are characteristic peaks observed from graphitic lattice vibration. The D band is also known 

as a defect band. Therefore when the degree of disorder increased, the intensity ratio (ID/IG) increased too. 

Also the bandwidth (FWHM) of G, D band depends on the structural disorder of carbon materials. Second, 

we used mathematical fitting process using Marquart algorithm (The MathWorks, Inc. Matlab) to analyze 

Raman spectra. Raman spectra are well fitted with 5 gaussian functions and 1 linear baseline function. From 

the amplitude and FWHM of fitted parameters, we could figure out the optimal sintering temperature shows 

the lowest ID/IG and FWHM which means most ordered structure. We estimate the ordered structure of 

residual carbon can act as a protection layer of internal metal electrodes and can result in the reduced gap 

between metal and ceramic crystallization temperature. 
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The Origin of Water’s Anomalous Properties Revealed from X-ray 

Experiments 
 

Kyung Hwan Kim, Anders Nilsson* 
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Water is the most important liquid for life on Earth and plays an essential role in physics, chemistry, biology 

and geoscience. However, the microscopic origin of the anomalous properties of water, such as density 

maximum at 4 degree C, has been elusive and there has been an intense debate for over a century. One 

major hypothesis, that has strong indirect support from theoretical work, is so-called liquid-liquid critical 

point (LLCP) scenario. In this talk, the first direct experimental evidence of the existence of the Widom 

line which is supposed to emanate from the LLCP will be presented (1). The experiment was performed at 

beamline NCI of PAL-XFEL.Reference(1.) K. H. Kim, A. Späh, H. Pathak, F. Perakis, D. Mariedahl, K. 

Amann-Winkel, J. A. Sellberg, J. H. Lee, S. Kim, J. Park, K. H. Nam, T. Katayama, and A. Nilsson*, 

“Maxima in the Thermodynamic Response and Correlation Functions of Deeply Supercooled Water”, 

Science, 358, 1589-1593 (2017) 
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Real-time observation of ATP-independent SSB displacement by RecO 

in Deinococcus Radiodurans 
 

Jihee Hwang, Seong Keun Kim1,*, Nam Ki Lee1,* 
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Deinococcus Radiodurans (DR) is known as a robust bacterium, which displays an outstanding resistance 

to the radiation and DNA damaging reagents. Here, we investigated the role of drRecO, one of 

recombination mediated proteins in RecA-loading pathway and essential for the extreme radio-resistance 

of DR, as a key component in early recombinational process using single-molecule techniques. We 

observed that drRecO can dissociate drSSB from ssDNA in ATP independent manner, allowing RecA-

loading onto drSSB-coated ssDNA. With biochemical analysis and mutagenesis study, we have further 

elucidated that the reaction mechanism for drSSB displacement by drRecO, which is that drSSB can be 

dissociated from ssDNA by species-specific RecO though drSSB can bind to ssDNA fairly stronger than 

drRecO. We suggest that drRecO facilitates the RecA-loading onto drSSB-coated ssDNA by dissociating 

a small SSB-free space on ssDNA so that DR can survive under extreme environments with a rapid DNA 

repair system. 
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Quantitative Determination of Heavy Metals in Some Commonly 

Consumed Herbal Medicines in Kano State, Nigeria 
 

Aliyu Umar 
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Evaluation of heavy metals in twelve commonly consumed herbal medicines/preparations in Kano State 

Nigeria was carried out. The samples comprised of five unregistered powdered medicines, namely, Zuwo 

(ZW); Rai Dorai, (RD); Miyar Tsanya, (MTS); Bagaruwar Makka, (BM); and Madobiya, (M); five 

unregistered liquid herbal medicines concussions for pile (MB), yellow fever (MS), typhoid (MT), stomach 

pain (MC), sexually transmitted diseases (STDs) and two registered herbal medicines; Alif powder (AP) 

and Champion Leaf (CL). The heavy metals evaluation was carried out using Atomic Absorption 

Spectrometry (AAS) and the result revealed the concentration (ppm) ranges of the heavy metals as follows: 

Cadmium (0.0045 – 0.1601), Chromium (0.0418 – 0.2092), Cobalt (0.0038 – 0.0760), Copper (0.0547 – 

0.2465), Iron (o.1197 – 0.3952), Manganese (0.0123 – 1.4462), Nickel (0.0073 – 0.0960), Lead (0.185 - 

0.0927) and Zinc (0.0244 - 0.2444). Comparing the results in this work with the standards of the World 

Health Organization (WHO), the food and Agricultural Organization (FAO) and the permissible limits of 

other countries, the concentration of heavy metals in the herbal medicine/preparations are within the 

allowed permissible limits range in herbal medicines and their use could be safe.Keywords: Herbal 

medicines, Registered, Unregistered, Kano State 
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Optimization of Purification Methodology for Emerging PET 

Radiometal Zr-89 
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Zr-89 with the favorable nuclear decay kinetics and chemical properties is an appealing radiometal for its 

application in immuno-PET using radiolabeled monoclonal antibodies. Nevertheless, non-availability of 

the reliable and robust purification techniques makes the use of Zr-89 limited. Hydroxamate based 

extraction chromatographic resin has been proved to be idiosyncratic amongst other purification techniques 

for Zr-89. Nevertheless, detailed optimized purification studies are limited and it will be of great interest to 

permute and combine different parameters to further develope novel and straightforward purification  

methodologies. In this study we have made efforts to optimize the purification of Zr-89 in oxalate as well 

as chloride form using commercially available hydroxamate based extraction chromatographic resin. The 

comparative comprehensive studies using different parameters viz. amount of resin, acid concentration, 

loading, washing and elution patterns of the column with the different column operation viz. gravity, 

vacuum box and syringe pump was carried out. The advanced optimized conditions showed extraordinary  

purification capabilities over other hydroxamate resin based separation methods available in the literature. 

Lower HCl (≤ 1.5 M) and oxalic acid (0.05 M) as compared to that with ~2-6 M and 1 M concentration for 

loading of the dissolved target and elution of final Zr-89 respectively are promising. Moreover, high 

radionuclidic and radiochemical purity Zr-89 (≥ 99.99 %) can be obtained in 0.05 M of oxalic acid and/or 

1 M HCl with ≥ 99 % of separation efficiency in ≤ 1 mL of the final product volume using the optimization  

studied proving its potentials as a novel methodology for Zr-89 separation and purification. 
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Separation of carrier free 166Ho from 166Dy/166Ho and their application 

on in vivo generator system 
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“in vivo ’generator is a concept that the long lived parent radionuclides are delivered to target tissue and 

then in vivo decay into short-lived daughter radionuclides with high decay energetic beta particles to achieve 

high-dose targeted radiotherapy. This strategy can help to overcome physical limitation of established 

radiotherapy which use the nuclides with high decay energies and too short half-lives for targeted systemic 

therapies. Moreover, The uses of radiolanthanide can induce cancer cell apoptosis due to their proper LET 

(Linear Energy Transfer). Among these radiolanthanides, Holmium-166(166Ho) have been utilized in field  

of medical radiotherapeutic application such as radioimmuno-specific pharmaceuticals, bone marrow 

ablation and radiation synovectomy owing to its high- β radiation energy [T1/2=26.6 h, Eβmax=1855 

keV(51%), Eβav=666 keV]. 166Ho can be produced by (n,γ)β reaction from 166Dy as parent nuclide 

[T1/2=81.5 h, Eβmax=486.8 keV, EEβav=130 keV] and the 166Dy can be produced by double neutron capture 

reaction of stable 164Dy. (n,γ)β reaction: 164Dy(n,γ)165Dy(n, γ)166Dy → 166HoIn this research, the carrier 

free166Ho and Dy (164Dy and 166Dy) were separated from 166Dy/166Ho by self-made automatic HPLC system. 

The separated Dy (164Dy and 166Dy) was soaked into microsphere for in vivo generator system. In this 

present, we will discuss the separation of 166Dy/166Ho and preparation of microspheres in detail. 
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Comparative Studies of Electrochemical Performance and 

Characterization of TiO2 /Graphene Nanocomposites as Anode 
Materials for Li-Secondary Batteries 

 

Hasan Jamal, Chang-Seop LEE* 

 
Department of Chemistry, Keimyung University, Korea 

  

Using graphene oxide (GO) and titanium dioxide (TiO2), various types of composites comprised of 

graphene-bonded and grafted anatase TiO2 were synthesized without employing a cross-linking reagent in 

this study. Graphene sheets were uniformly dispersed among the TiO2 particles, to enhance the cyclability  

and electronic conductivity of the TiO2 anode for lithium ion batteries. Composites of GO prepared with  

three types of TiO2 (nanoparticles, nanorods, nanofibers) were synthesized by hydrothermal and calcination 

treatment. The reduction of GO increased simultaneously after calcination under argon atmosphere at 

400 °C for 4 h. The anatase type of TiO2 was used to achieve overall better electrochemical performance. 

The physicochemical properties were characterized by scanning electron microscopy (SEM), transmission 

electron microscopy (TEM), X-Ray powder diffraction (XRD), X-ray photoelectron spectroscopy (XPS) 

and Raman spectroscopy. Surface properties were measured by the Brunauer-Emmett-Teller (BET) & 

Barrett-Joyner-Halenda (BJH) method. The electrochemical properties were also investigated by 

Galvanostatic charge-discharge and Electrochemical Impedance Spectra (EIS). TiO2 nanoparticles 

composite with graphene delivered rate capability of 155 mAh g-1 at 0.5 C and restored the rate capacity 

of 109 mAh g-1 after 20 C, with a capacity loss of 30 %. TiO2 nanorods composite with graphene benefited 

from its unique morphology exhibited rate capability of 124 mAh g-1 at 0.5 C and regain the rate capability 

of 97 mAh g-1, with a capacity loss of 22 %. In addition, TiO2 nanofibers graphene composite with low 

surface area 19 m2g-1 and pore volume of 0.086 cm3g-1 transported rate capability of 68 mAh g-1 at 0.5 

C and recover the rate capacity of 64 mAh g-1 after 20 C owing to its higher value of lithium-ion diffusion 

coefficient. 
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Self-Assemblies Based on Gold Nanoparticles with Bridge Molecules 

 

MINJUNG SEO, JI WON HA* 

 
Department of Chemistry, University of Ulsan, Korea 

  

Cucurbit[n]urils(CB[n]) are promising supramolecular hosts composed of glycoluril repeat units bridged 

by methylene group. Compared with other similar molecules, CB[n]s have unique properties that have rigid, 

highly symmetric and macrocyclic pumpkin-shaped structures. Its hollow cyclic structure can allow itself 

to contain other target molecules inside their hydrophobic cavities. Also, it can form strong host-guest 

interactions with identical carbonyl portals leading to generate uniform, stable sub-nanometer gaps of 

0.9nm between gold nanoparticles that makes the powerful hot-spots capable of applications such as 

Surface-Enhanced Raman Scattering (SERS). In this study, we tried to make stable aggregations with gold 

nanoparticles using CB[n] as bridge molecules for regular alignments and confirm their structures and 

properties with analytical instruments such as electron microscopy, UV-vis, Raman spectroscopy. 
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A Simultaneous Determination of Highly Acidic Glycans in 

Biotherapeutics using PGC-SPE and LC-MS/MS 
 

Youngsuk Seo, Hyun Joo An* 

 
Graduate School of Analytical Science and Technology, Chungnam National University, Korea 

  

Glycosylation of therapeutic glycoproteins influences on pharmacological functions including efficacy, 

safety, and biological activity. In a therapeutic enzyme, phosphorylated glycans play a significant role as 

the target signal to enter into the lysosome. Sialylated glycans are also an important bioactive glycan which 

can improve in vivo recovery of a therapeutic enzyme. Therefore, the in-depth analysis of bioactive glycans 

has been required to ensure product consistency with the increase of the biosimilars market. However, 

glycosylation characterization of a therapeutic enzyme is still challengeable because of an increased 

heterogeneity by phosphorylated glycosylation as a modified glycoform and an extended sialylation. Here, 

we present an analytical approach to readily determine phosphorylated glycans and sialylated glycans, 

individually using porous graphitized carbon (PGC)-solid phase extraction (SPE). We successfully 

fractionated them according to varying proportions of acetonitrile in water and acid, though both 

phosphorylated glycans and sialylated glycans showed a high acidity. Each eluent was analyzed by LC/MS 

and CID MS/MS to fully characterize glycan composition, detailed structure, and relative quantitation. We 

observed mannose-phosphate series consisting of Man 5 to Man 9 decorated with mono-or di-phosphate 

groups. Sialylation of a therapeutic enzyme was mainly composed of glycans having two NeuAc residues. 

Bioactive glycan analysis of an original therapeutic enzyme and biosimilar is being further performed to 

demonstrate our analytical platform as an assessment tool for glycosylation biosimilarity. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ANAL1.O-7 

Area: Oral Presentation of Young Analytical ChemistsⅠ 

Type: Oral Presentation, Time: THU 10:07, Chair: Min-Sik Kim 

 

 
A study on the determination of inorganic selenium by solid phase 

extraction and laser induced breakdown spectroscopy 
 

Seon Hwa Lee  

 
Department of Chemistry, Mokpo National University, Korea 

  

The toxicity and chemical properties of selenium depend on the concentration and the chemical structure 

present in the natural environment. Inorganic selenium is more toxic than organic selenium, thus the 

accurate determination of inorganic selenium in various samples is needed. HG-AAS(Hydride Generation  

Atomic Absorption Spectroscopy), HPLC-ICP-MS(High Performance Liquid Chromatography-

Inductively Coupled Plasma-Mass Spectrometry) and GC-MS(Gas Chromatograph-Mass Spectrometry) 

are the current of methods for the determination of inorganic selenium. However, these methods have the 

disadvantage of expensive equipment, complicated sample preparation and long analysis time. A new 

analytical method was developed using the SPE membrane filter with LIBS for the determination of 

inorganic selenium species. The detection limit of inorganic selenium by the new analytical method was 

11.21 mg / kg, and the recoveries of Se (Ⅵ) 98.5 ± 5.31% and 101.80 ± 2.01%, respectively. This new 

speciation method is cost effective, simple and not labor intensive for the quantitation of inorganic selenium. 
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A study on the accurate determination of total and arsenic species in 

rice 
 

WONBAE LEE 

 
Department of Chemistry, Mokpo National University, Korea 

  

Arsenic is present as inorganic and organic arsenic. The arsenic toxicity varies depending on the chemical 

form. Therefore, the quantitative and qualitative determination of the total arsenic as well as the arsenic 

species has been very important. Rice is a staple food in the world`s half population and is a major source 

of human arsenic intake. However, the extraction and determination of arsenic species in rice has been very 

difficult because of the severe matrix interference. In this study, the various analytical methods including 

the internal standard method and standard addition method have been investigated for the determination of 

arsenic species in rice. A new analytical method was developed for the determination of arsenic species in 

rice by inductively coupled plasma - mass spectrometry (ICP-MS) coupled with ion chromatography (IC). 

Rice certified reference material (NIST SRM 1568b rice flour) was used to evaluate its suitability for the 

analytical method. 
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Single Particle Study on Optical Property of Gold Nanoplate under DF 

microscopy 
 

Junho Lee, JI WON HA* 

 
Department of Chemistry, University of Ulsan, Korea 

  

Plasmonic nanoparticles have attention because of their localized surface plasmon resonance (LSPR) 

property and the effecting applications in many fields. especially triangular gold nanoplates have attracted 

increased attention due to their particularly anisotropy and LSPR property. We synthesized AuNP through 

a one-pot seedless growth method and characterized optical properties of AuNP under dark-field (DF) and 

differential interference contrast (DIC) microscopy. Furthermore, we found polarization-dependent DIC 

images and intensities of single AuNP, which allows us to determine their orientation angle under DIC 

microscopy. 
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Characterizing Optical Properties of Single Gold Nanocubes 

 

Hui Bin Jeon, JI WON HA* 

 
Department of Chemistry, University of Ulsan, Korea 

  

Plasmonic gold nanoparticles exhibit unique size- and shape-dependent optical properties, which is caused 

by the localized surface plasmon resonance (LSPR) collective oscillation of conduction electrons in gold 

with the incident light. In this study, we investigated the optical properties of single plasmonic gold 

nanocubes (AuNCs) using a dark-field (DF) microscope, a differential interference contrast (DIC) 

microscope, and a scanning electron microscope (SEM). We found polarization- and wavelength-dependent 

optical properties of single AuNCs under DF and DIC microscopy. Therefore, we provide a deeper insight 

into the optical properties of AuNCs at the single particle level, which can be beneficial for their uses in 

biological and energy applications. 
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Label-free Optical Biosensor Based on Chemical Interface Damping 

Using Gold-nanorods 
 

SeongWoo Moon, JI WON HA* 

 
Department of Chemistry, University of Ulsan, Korea 

  

We studied the optical properties of gold nanorods using a darkfield microscope(DF) and a scanning 

electron microscope(SEM). The existing LSPR based biosensor was a method of sensing by the shift of the 

SPR peak when the target molecule was attached. However, the dielectric constant of the surrounding 

medium affects this sensing method. So, we propose a label-free plasmon-based biosensor that is sensitive 

to the adsorption of biomolecules without being disturbed by the dielectric constant of the surrounding 

medium. When thiol is attached to gold nanorods, wavelength shifts and FWHM (Full Width at Half 

Maximum) are increase. This is called chemical interface damping(CID). Also, it was confirmed that the 

size of the line width also changed when the type of thiol was changed. More specifically, we show how 

the chemical bonding of various adsorbate molecules affects the LSPR linewidth of a single AuNP 

longitudinal surface plasmon. As a result, as the line width increases, sensing becomes possible without 

being affected by the permittivity. We propose a biosensing method based on CID by confirming the change 

of optical characteristics according to the aspect ratio of plasmon nanoparticles and the width of plasmon 

line width using three types of gold nanorods with different aspect ratios. 
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Polarization- and Wavelength-Dependent Optical Properties of Single 

Gold Nanourchins under DF Microscopy 
 

geunwan kim, JI WON HA* 

 
Department of Chemistry, University of Ulsan, Korea 

  

AuNUs exhibit more distinct features compared to simple gold nanosphere, because of their complex 

structure with spiky and uneven surfaces. We characterized the optical properties of singe gold nanourchins 

(AuNUs) with sharp and short tips on their surface under single particle dark-field (DF) microscopy and 

spectroscopy. DF scattering intensities of single AuNUs were investigated as a function of rotation angle 

at three different wavelengths of 600 nm, 640 nm localized surface plasmon resosnace (LSPR) wavelength, 

and 700 nm, using the corresponding band pass filters. The DF intensities were periodically changed as a 

function of rotational angle at the three different wavelengths. Furthermore, the phase of a DF intensity 

trace was different according to the incident wavelength on a single AuNU, which can be explained by the 

generation of single dipoles with different wavelengths in multiple directions on the AuNU surface. These 

findings contribute to a deeper insight of the scattering properties of single AuNUs, and this study will be 

beneficial for several potential applications, including optical imaging and sensing in the fields of materials  

science and biology. 
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Liquid chromatography/mass spectrometry (LC/MS) analysis of 
ganglioside analysis: the role of ammonium bicarbonate additive 

 

Jun young Park, Sangwon Cha1,* 

 
Chemistry, Hankuk University of Foreign Studies, Korea 

1Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

Gangliosides are acidic glycosphingolipids which contain sugar chains with a variety of sialic acid residues. 

There are hundreds of variations in ganglioside structures based on compositions and structures of 

oligosaccharide head groups as well as compositions of ceramide cores. However, most LC/MS studies did 

not include separation of these structural isomers. Recently, we developed a simple and reliable LC method 

with a conventional C18 column that can effectively resolve ganglioside isomers such as structural isomers 

of disialogangliosides, designated to GD1a and GD1b, which are known to be major species in mammal 

brains. In this LC method, the key component was the salt additive, ammonium bicarbonate. Therefore, in 

this study, we focused on optimizing salt additive condition and trying to reveal a separation mechanism 

behind this phenomenon. Finally, we applied the LC/MS method with the optimized salt additive condition 

to the analysis of the total ganglioside extract from porcine brain and successfully analyzed individual 

isomers of di- and tri- gangliosides. 
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Investigation of quantitative performance of paper cone spray 

ionization (PCSI) mass spectrometry (MS) 
 

TaeMin Park, Sangwon Cha* 

 
Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

Paper cone spray ionization (PCSI), an extractive ambient ionization method for mass spectrometry (MS), 

is a modified version of paper spray ionization (PSI) for raw solid material analysis. The major modification  

from conventional PSI was the geometry of the paper base: PCSI uses a triangular-pyramidal-shaped paper 

tip instead of a planar triangular-shaped one. This three-dimensional paper cone serves as a sample 

container, an in situ liquid-solid extraction chamber, an analyte transport channel, as well as an electrospray 

tip. Unlike conventional PSI MS, a weighing paper with relatively low permeability was found to be more 

suitable for PCSI MS than other papers. In contrast to the previous PCSI MS studies that mainly focused 

on qualitative, fingerprinting analysis, this study aims to evaluate quantitative performance of PCSI MS. In 

order to achieve this, we prepared a model pharmaceutical powder consisting of avicel, microcrystalline 

cellulose that is the most widely used direct-compression tablet filler, and acetaminophen. We performed  

wicking-mode PCSI MS analysis with model powders with various contents of acetaminophen and 

successfully obtained solid-liquid extraction patterns and intensity information of acetaminophen ions. 

From the results, we found that PCSI MS showed a good linearity although its range was somewhat limited . 
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Large-area Graphene Films as Engaging Target Surfaces for Highly 

Reproducible Matrix-assisted Laser Desorption Ionization for 
Quantitative Mass Spectrometry 

 

YOONKYUNG CHOI, Sang Yun Han* 

 
Department of Nano Chemistry, Gachon University Global Campus, Korea 

  

Matrix-assisted laser desorption ionization (MALDI) mass spectrometry is a powerful means for 

characterization of large and complex molecules. However, due to the sweet spot issues that intrinsically 

arise from inhomogeneous matrix-analyte crystals utilized as MALDI samples, its reproducibility in ion 

generation and thus its applications for quantification have been rather limited. In this letter, we demonstrate 

a simple strategy to improve uniformity of matrix-analyte crystal spots, which was realized by adapting 

non-inert, interacting surfaces on purpose for the first time, i.e. large-area graphene films in this study, as 

target surfaces. The graphitic surfaces of graphene films may interact with excessive matrix molecules  

during the sample drying process, which induces apparently uniform crystallization of MALDI sample 

spots on the surfaces. Furthermore, high-resolution mass spectrometric imaging revealed that analytes 

embedded in the crystals formed on the graphene films were more evenly distributed over a MALDI sample 

spot than those commonly produced on the metal target plates, which as a result greatly suppresses 

appearance of sweet spots. In virtue of improved uniformity of MALDI sample spots, this method showed 

good linear responses of ion intensity to analyte concentrations (R2 > 0.99) as well as small fluctuations (s 

< 10%), which would be applicable for quantitative mass spectrometry using the MALDI method. 
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Lectin Based Glycoprotein Analysis between Yoga Groups 

 

Wonryeon Cho*, Junghoon Kang1, Min-gyu Youn, youngjin kim2 

 
Department of Bio-nanochemistry, Wonkwang University, Korea 

1Bio-nanochemistry, Wonkwang University, Korea 
2Department of Chemistry, Wonkwang University, Korea 

  

As the elderly population grows, yoga gets more popular as one of the exercises to improve the quality of 

life and health of the elderly. Glycoproteins in human plasma are known to be deeply associated with 

multiple diseases, cell differentiation, aging, and etc. We study the efficacy of yoga by identifying and 

comparing the glycoproteins in human plasma from both Advanced level group and Beginner level group 

before and after participation in a fall-prevention yoga program. Glycoproteins are affinity-selected from 

their plasma using self-packed LEL columns and then trypsin digested. After that, the proteins in both 

groups are identified with nLC-MS/MS and database searches. The results show that the number of plasma 

glycoproteins in Advanced level group is less than that in Beginner’s group, demonstrating an inverse 

correlation between number of plasma glycoproteins and yoga experience. 
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A simple and rapid detection of As3+ in real water using a 3-nitro-L-

tyrosine 
 

Jin-Ho Park 

 
Department of Chemistry, Gwangju Institute of Science and Technology, Korea 

  

Here, a simple and rapid As3+ detection method using a 3-nitro-L-tyrosine (N-Tyr) is reported. A reaction 

between As3+ and N-Tyr induces a prompt color change to vivid yellow, and absorbance at 430 nm is 

increased also. The selectivity for As3+ is confirmed by comparison of various metal ions such as Hg2+, 

Pb2+, Cd2+, Cr3+, Mg2+, Ni2+, Cu2+, Fe2+, Ca2+, Zn2+, Mn2+. Also, binding site of N-Tyr, binding 

affinity and reaction molar ratio between As3+ and N-Tyr are investigated. The specific reaction is utilized  

to design a sensor that enables quantitative detection of As3+ in the range from 0.1 to 100 μM. In a linear 

dynamic range from 0.1 to 1 μM, good linearity (R2 = 0.9654) and limit of detection (LOD) of 31.1 nM 

(3.3σ) are obtained. Furthermore, applicability for analysis of real samples, e.g., tap and river water, is 

successfully confirmed with good recoveries using the As3+-spiked real samples. We believe that the 

proposed As3+ sensor can be effectively utilized in environmental fields, e.g., water management facilities , 

with simplicity, rapidity and ease of usage. 
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Analysis of Famphur in Honey by Solid-Phase Extraction and GC-MS 

 

Hyun-Woo Cho, Seung Woon Myung1,*, Seung-Ho Lee1 

 
Department of Natural Science Chemistry, Kyonggi University, Korea 

1Department of Chemistry, Kyonggi University, Korea 

  

Famphur is one of the pesticides used in bee-farming. This is a highly hazardous pesticide classified by 

WHO and some countries are regulating this pesticides. In this study, a method for the selective 

determination of famphur in four kinds of honey using solid-phase extraction (SPE) and gas 

chromatography-mass spectrometry (GC-MS) was established. 5 g of honey was dissolved in 10 mL of 

water and transferred to a C18 cartridge preconditioned with ethyl acetate and water. After washing with 2 

mL of purified water, and then famphur was eluted with 6 mL of ethyl acetate and determined by gas 

chromatograph with mass spectrometer (GC-MS). Optimization of solid-phase extraction (SPE) parameters 

was evaluated by the pH of the sample, the type and volume of the elution solvent. Chromatographic 

separation was achieved on DB-35MS column(30 m × 0.20 mm × 0.33 μm), and oven temperature was 

raised from 120 ℃ to 310 ℃ at a rate of 25 ℃/min, and then maintained for 2 minutes. The injection 

mode was the split mode (10:1), and m/z 218.0 was used as the quantitative ions in SIM mode. From the 

established extraction and GC-MS conditions, the limit of detection (LOD) and limit of quantitation (LOQ) 

in the spiked sample were 2 ng/g and 5 ng/g, respectively. Recovery studies were performed at 5 ng/g, 10 

ng/g, 20 ng/g of fortification levels, and accuracy and precision in working range were 63.7-118.4 % and 

1.0-27.7 RSD %, respectively. The calibration curves for the quantitative analysis were obtained the 

concentration range of 5~50 ng/g with correlation coefficients (R2) from 0.9883 to 0.9958. The proposed 

method was applied to the analysis of famphur in domestic honey samples. 
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Determination of Residual Pesticides by Dispersive Liquid-Liquid 

Microextraction and HPLC from Green Tea 
 

Jongsung Noh, Hyun-Woo Cho1, Seung Woon Myung* 

 
Department of Chemistry, Kyonggi University, Korea 

1Department of Natural Science Chemistry, Kyonggi University, Korea 

  

Famphur and Fenpyroximate are used for a variety of crops including fruit, balloon flower roots, and 

vegetables as a type of pesticide, and they are regulated in each country. Therefore, the method of sample 

preparing and analysis were established to accurately quantify the remaining famphur and fenpyroximate 

in green tea using HPLC - UV. Parameters for sample clean up and concentration were optimised and 

verified. Experiments were carried out to obtain optimal parameters such as the kinds and volumes of 

extraction solvent and dispersive solvent, the pH effect, and the effect of salt. Chromatographic separation 

with HPLC - UV was performed using the eclipse XDB-C18 (2.1 mm id × 150 mm length, 4.6 μm particle 

size) column and gradient elution mode using water and acetonitrile. Optimized parameters for extraction  

of the famphur and fenpyroximate; the type and volume of extraction solvent, 1, 2 - dichloroethane, 100 

μL; the type and volume of dispersive solvent, methanol, 1000 μL; pH 6; salt 0 g. Limit of detection and 

limit of quantification were obtained in the range of 0.010-0.031 mg/L and 0.005-0.017 mg/L, respectively. 

The accuracy and precision obtained at the working range were 96.7-107.0 % and 2.7 - 14.2 % (RSD), 

respectively. The linear correlation coefficient (R2) was obtained in the range of 0.9959 to 0.9991. The 

established method was applied to five types of green tea sold in the market and monitored. 
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Fabrication and application of cell-based microfluidic chip for eye-

irritation test of compounds 
 

Sujin Cho, Tian Tian, Seog Woo Rhee* 

 
Department of Chemistry, Kongju National University, Korea 

  

In this presentation, we will describe the development and application of cell-based microfluidic chip to 

perform eye-irritation test. The device was fabricated with a milti-compartment diffusion channels for 

culture of cells. HUVEC and fibroblast cells were cultured in the milti-compartment channels and the 

solutions of test compounds were injected to the inlet of the channel and diffused through the connected 

microfluidic channels. The viability of cells in each compartment was monitored by an optical microscope. 

Several types of cosmetic materials were tested with test systems, and the IS (irritation score) values were 

evaluated and compared with those of other test methods to validate the test system developed in this work. 
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Physicochemical properties of solvents background electrolytes for 

predictability of elution order of organic dyes in non-aqueous capillary 
electrophoresis 

 

Minjeong Gu, GeonBok Lee1, Seong Ho Kang1,* 
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The predictability of elution order of organic fluorescent dyes (i.e., crystal violet, methyl violet base, methyl 

violet B base, rhodamine 6G, and rhodamine B base) in non-aqueous capillary electrophoresis (NACE) was 

investigated by focusing on the physicochemical properties of various organic solvents [ethanol, methanol, 

2-propanol, dimethylformamide (DMF), and dimethyl sulfoxide (DMSO)] in background electrolyte 

(BGE). As seen in conventional aqueous BGE, the mobility of EOF in organic solvents tended to rise when 

the ratio between the dielectric constant and the solvent’s viscosity (ε/η) increased in accordance with 

Smoluchowski’s equation. However, unlike the ε/η of pure organic solvents, the elution order of dyes 

changed as follows: methanol (60.0) > DMF (45.8) > ethanol (22.8) > DMSO (23.4) > 2-propanol (9.8). 

Since the amount of acetic acid added to balance the pH depends on the pKa of each solvent, EOF changed 

when the difference in the ε/η value was small. This resulted from the inhibition of mobility, and its 

difference was dependent on the ε/η of BGEs with high ionic strength. In particular, the actual mobility of 

dyes in DMF showed excellent compliance with the Debye-Hückel-Onsager (DHO) theory extended by 

Falkenhagen and Pitts, which enabled us to analyze all dyes within 15 min with excellent resolution (Rs > 

2.5) under optimum NACE conditions (10 mM sodium borate and 4661 mM acetic acid in 100% DMF, pH 

4.5). In addition, the NACE method that was developed could be applied successfully to the analysis of 

commercially available ballpoint ink pens. Thus, these results could be used to anticipate the elution order 

of organic dyes in a 100% NACE separation system. 
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Highly selective detection of picric acid using QDs nanoparticles coated 

with amphiphilic copolymer 
 

Salah Mahmoud Tawfik Ahmed, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

A novel fluorescent sensor was developed via in-situ polymerization strategy for highly selective and 

sensitive sensing of picric acid. This sensor was synthesized by in situ polymerization of amphiphilic  

thiophene monomers on the surface of QDs to obtain highly fluorescent sensor. The emission of the sensor 

is found to be quenched in the presence of picric acid by electron transfer mechanism through electrostatic 

and hydrogen bonding interactions and showed excellent selectivity for picric acid over its analogues. The 

developed sensor shows an excellent analytical performance with good linearity and low LODs . 

Furthermore, the sensors were successfully applied to determine picric acid in tap and river water samples 

with good recoveries. We developed a simple, rapid and non-toxic method which provides its potential 

application for highly selective and sensitive fluorescent determination of trace picric acid in environmental 

water samples. 
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Preparation of partially substituted Li3V2-xMx(BO3)3 (M=Al) as a 

cathode material for Li-ion battery 
 

Minsoo Ji, YOUNGIL LEE* 

 
Department of Chemistry, University of Ulsan, Korea 

  

Aluminum substituted lithium vanadium borate as a cathode material has been prepared by sol-gel route, 

and its electrochemical properties have been investigated. Commonly, aluminum ions provide a 

modification of the lithium insertion reaction consistent with increasing alkaline ionic disorder. These 

phenomena suggest that the substituted phases may offer some improvement their electrochemical 

properties, such as low polarization, high average potential, low irreversibility, and long cyclability. 

Galvano-static charge/discharge and cyclic voltammetry (CV) measurements were also measured to study 

the reversibility of the lithium extraction/insertion processes. As shown in figure, 4% aluminum substituted 

lithium vanadium borate has better electrochemical performance in high C rates. 
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A novel probe based on aggregation induced emission characteristics of 

heparin 
 

SARVAR KAKHKHOROV, YONG-ILL LEE*, Salah Mahmoud Tawfik Ahmed 

 
Department of Chemistry, Changwon National University, Korea 

  

The purpose of the current study is to obtain a novel type of probe based on the interaction between heparin 

and specific type of fluorophore which demonstrates aggregation induced emission (AIE) properties. AIE 

is a phenomenon which enables its fluorophores to fluoresce only when they are in solid state. After a 

certain treatment, the obtained probe tends to assemble to micelles which allows AIE luminogen to 

aggregate and, eventually to fluoresce. This methodology provides a high selectivity towards analytes that 

are considered under interest. To afford a proper condition for micelle formation, the proportion of 

hydrophobic part to hydrophilic part in probe was equalized by including long chain amino acid (12-amino  

dodecanoic acid). Each step of synthesis was successfully completed and proved by FT-IR, 1H NMR and 

UV-absorption tests. The emission properties of obtained probe were evaluated by using 

photoluminescence spectroscopy (PL). The morphologies of forming micelles were examined by using 

transmission electron microscopy (TEM) and scanning electron microscope (SEM). These results will 

eventually enable to offer a new approach to design a unique type of probe with aggregation induced 

emission properties, which will be applicable for bioimaging purposes. 
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Liquid extraction surface analysis coupled with micellar electrokinetic 

chromatography for sensitive detection of pesticides on surface 
 

Sunkyung Jeong, Doo Soo Chung1,* 

 
Seoul National University, Korea 

1Division of Chemistry, Seoul National University, Korea 

  

Capillary electrophoresis (CE) is well suited for the analysis of analytes in aqueous solutions. But it is not 

easy to analyze a solid sample with CE since labor-intensive sample pretreatment processes are required. 

For example, a solid sample should be grounded, homogenized, centrifuged, extracted into an organic 

solvent, and then reconstituted into an aqueous solution suitable for CE. So we used liquid extraction 

surface analysis (LESA) that extracts chemicals on the surface of various solid samples without any sample 

pretreatment. Dried analytes doped on a surface were directly extracted to a hanging drop of acceptor at the 

inlet tip of a capillary. After extraction, a small volume of acceptor was injected into the capillary and 

analyzed by a commercial CE instrument. LESA-CE was used to determine three species of insecticides, 

chlorantraniliprole, kresoxim-methyl, and pyraclostrobin. The U.S. Environmental Protection Agency 

(EPA) limits the allowable amounts of the insecticides to 1.2 ppm, 0.5 ppm, and 1.5 ppm respectively. For 

these water-insoluble analytes, micellar capillary electrophoresis (MEKC) was used and an on-line stacking 

method, analyte focusing by micelle collapse (AFMC) was combined to enhance the sensitivity. These 

three pesticides doped on sample plate were extracted with the inlet of a capillary and analyze directly with  

CE. Several parameters such as the condition of AFMC-MEKC, composition of an acceptor, extraction  

time were optimized. The limits of detection (LODs) of LESA-AFMC-MEKC were 150, 100, and 50 ppb, 

respectively. Thus LESA-CE is a simple, sensitive and more rapid method for the analysis solid surface 

analytes without any pretreatment processes required for conventional analysis methods. The developed 

LESA-CE of high spatial resolution and immediate quantification ability is promising for the analysis of 

biological surfaces of cells and tissue, or even technical surfaces. 
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Fabrication of Anisotropic Plasmonic Au@Si Core-Shell Nanoparticles 

for Bioanalytical Dual Imaging 
 

nara lee, Seunghyun Lee1,* 

 
nanochemical, Gachon University Global Campus, Korea 
1Department of Nanochemistry, Gachon University, Korea 

  

One of the emerging research area in nanomedicine is development of non-invasive techniques for the 

bioimaging, diagnosis and therapy of disease. Advancement of platform technologies for a wide range of 

potential applications is significant because of the complexity of the living organism and cytotoxicity of 

employed materials. Especially, plasmonic gold nanoparticles have attracted a great deal of recent interest 

due to their unique optical properties such as strong electromagnetic field enhancement and strong light 

absorption. Silicon and its oxide derivatives have become a material of significant interest recently for 

imaging and drug delivery due to their chemical stability and optoelectronic properties. Anisotropic 

plasmonic gold nanoparticle are very useful for surface enhanced Raman scattering (SERS) which has been 

widely applied for chemical analysis or molecular detection. Biocompatibility and nanoporous structure of 

the silicon nanoparticle can be applied to magnetic imaging based on dynamic nuclear polarization (DNP) 

and drug delivery for theragnostics. Here, we have fabricated Si-Au core/shell nanoparticles using Au NRs 

and Au BPs. First, Au NRs and Au BPs were synthesized by a seed-mediated method and silica is 

subsequently overcoated by a stöber method. The overcoating onto surface on gold nanoparticles with 

cetyltrimethylammonium bromide has been completed using syringe pump. The overcoating reaction gives 

shells as thin as around 25 nm thickness. Next, the silica layer is replaced to silicon by reduction using 

magnesium powder. We analyzed the core-shell nanoparticle using scanning electron microscopy(SEM), 

transmission electron microscopy(TEM), UV-Visible spectroscopy, X-ray diffraction(XRD) and Raman  

spectroscopy. 
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Upconversion fluorescence and magnetic study of NaLu0.98-

xCrxEr0.02F4hollow microtubes 
 

Seong-Soo Lee, Huy B.T.1, YONG-ILL LEE1,* 

 
Changwon National University, Korea 

1Department of Chemistry, Changwon National University, Korea 

  

Upconversion phosphors are known as a new material system that can convert near-infrared light into 

visible ultraviolet emissions by sequentially absorbing multiple photons. We presents a new non-rare earth 

(RE) sensitizing system with Cr3+ in NaLu0.98-xCrxEr0.02F4phosphor microtubes prepared by a hydrothermal 

method. The Cr3+ ions play the dual role as both host matrix and sensitizer in the upconversion process. 

The optimum conditions for gaining the strongest upconversion emission correspond to x = 0.3 ~ 0.5, where 

there are effective energy transfers between Cr3+ and Er3+ ions and Cr-Er dimers. The change of 

upconversion emission intensity is related to the presence/absence of absorbing multiple photons, and to 

the coupling between Cr3+ and Er3+ ions. The data obtained from magnetization and electron-spin-resonant 

measurements proved these phenomena, revealing the correlation between the optical and magnetic 

properties.Keywords: Upconversion, dual role, magnetic, dimer. 
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Enhanced photodegradation of Rhodamine B and 4-chlorophenol 

using TiO2 novel nanoparticle doped with upconversion luminescence 
agents 

 

DASEUL PAENG, Huy B.T., YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Anatase TiO2 crystal is considered to be an excellent and promising photonic material for applications in 

solar energy conversion systems because of its long photostability , low chemical corrosion, diverse shape, 

and cost effectiveness. However, the band gap of TiO2 is 3.2 eV that canlimit its effective applications. 

Therefore, the expansion of the effective light range for TiO2 is highly desired. In this study, Er3+-Yb3+-

Ce3+ tridoped TiO2 nanopowder was synthesized using a facile one-step hydrothermal synthesis to extend 

effective light range to NIR via upconversion process of Yb3+-Er3+ pair ions and the activity of Ce3+ ions. 

The synthesized Er3+-Yb3+-Ce3+ tridoped TiO2 nanoparticles exhibited an excellent photocatalytic activity 

against an organic dye; Rhodamine B, and 4-chlorophenol. The photodegradation mechanism was proposed 

as well.Keywords: 4-chlorophenol, Upconversion, photodegradation, dope 
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Upconversion Nanoparticles Functionalized with Novel Amphiphilic 

Polymers for detection of drugs 
 

Seung Ha Lee, Salah Mahmoud Tawfik Ahmed, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Upconversion nanoparticles (UCNPs) are a unique type of photoluminescence (PL) material in which lower 

energy excitation is converted into higher energy emission via multi-photon absorption processes. In this 

research, novel amphiphilic copolymers were synthesized to act as functionalizing agents for 

NaYF4:Yb3+/Er3+ UCNPs. The UCNPs coated with amphiphilic copolymers were characterized by using 

FTIR, SEM, UV, and PL instruments. These materials were used as optical sensors to detect various high 

blood pressure drugs including propranolol, metoprolol, atenolol, alprenolol, and carvedilol. Our developed 

sensors displayed good analytical performance such as low limits of detection and good linearith. 

Furthermore, the sensors have been applied successfully to determine the level of high blood pressure drugs 

in blood samples with good recoveries. 
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Highly selective detection of spermine based on the fluorescence 

quenching of heparin using CdTe quantum dots coated with 
amphiphilic thiophene copolymers 

 

Jimin Shim, Salah Mahmoud Tawfik Ahmed, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Novel optical sensors based on CdTe quantum dots (P1QDs and P2QDs) coated with amphiphilic thiophene 

copolymers were developed for the detection of spermine. The emission of the P1QDs and P2QDs is found 

to be quenched in the presence of heparin by electron transfer mechanism through electrostatic and 

hydrogen bonding interactions. Upon the addition of spermine, heparin has been removed from the surface 

of P1QDs and P2QDs due to the strong electrostatic interactions between spermine and heparin, which 

showed significant fluorescence recovery of the sensors. Under optimum conditions, both P1QDs and 

P2QDs sensors displayed excellent analytical performance for spermine with the limit of detection (LOD) 

of 2.90 nmol L-1 and good linearity (R2= 0.9957) within 0.05-15 μmol L-1 and LOD of 1.66 nmol L-1 and 

good linearity (R2 = 0.9928) within 1-12 μmol L-1, respectively. The P1QDs and P2QDs sensors show a 

high selectivity to spermine over common interfering substances. Furthermore, the proposed method was 

successfully utilized in serum samples with satisfactory results.Keywords: amphiphilic copolymers; QDs; 

spermine; optical sensors; serum samples; electron transfer 
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Study of the enhanced electrochemical properties and MAS NMR fine 

structure analysis of anion doped lithium vanadium borate 
 

CHAEWON Moon, YOUNGIL LEE*, Khoirul Umam1 

 
Department of Chemistry, University of Ulsan, Korea 

1Department of Chemistry, Universitas Indonesia., Korea 

  

As a cathode material of Li-ion battery, lithium vanadium phosphate, Li3V2(PO4)3 (LVP), has a stable 

structure and high-voltage platform. However, LVP has low electronic conductivity and slow lithium-ion  

diffusion. As an alternative cathode material, Li3V2(BO3)3 (LVB) has weaker B-O bond which makes  

relatively fast lithium ion diffusion. Also, its theoretical reversible capacity is much larger of 268 mAh/g. 

Fluorine anion substituted Li3V2(BO3)2.95F0.15 has been synthesized by combustion method. 

Characterizations of prepared sample are investigated using by X-ray diffraction (XRD) and 

electrochemical measurements. Also, solid-state NMR is used to investigate its local electronic structure. 

The results of fluorine substituted LVB are shown improved long cycleability, rate performance, and 

structural stability. The best anion doping ratio in LVB is still under study with electrochemical properties. 
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Sensing amine-containing gases using a paper-based photonic device 

 

Huy B.T., YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Amine compounds are of enormous importance in industrial, environmental pollution, toxicological and 

medicinal fields. We developed a highly accurate, highly selective, and low-cost sensor array based on an 

optical paper-based device for the detection of various amine compounds in gaseous media. The changes 

of dyes’ colors on the sensing areas based on the individual amine compounds were analyzed using red, 

green, and blue (RGB) values. Principal Component Analysis (PCA), hierarchical Cluster Analysis (HCA) 

methods were applied as a chemometric tool for classifying amine gases. In the future, these portable sensor 

arrays are expected to be able to provide an early warning of natural gas pollution or an early indicator of 

specific diseases. Keywords: amine, paper-based device, chemometric, colorimetric 
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Phospholipase A2-responsive UCNPs-loaded Phosphate Micelles for 

Prostate Cancer Cells Imaging 
 

SHARIPOV MIRKOMIL, Salah Mahmoud Tawfik Ahmed, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Rare-earth upconversion nanoparticles (UCNPs) have received the tremendous attention of researchers last 

decades due to their potential application as biological luminescent labels in bio-imaging application. 

However, it is still a challenge for researchers to obtain nontoxic, nanoscale, well dispersed and high 

selective nanoparticles. On the other hand, it has been reported that phospholipase A2(PLA-2) enzyme is 

abnormally overexpressed in several diseases such as pancreatitis or early stages of prostate cancer. Novel 

phosphate micelles from biocompatible compounds were synthesized and characterized for selective 

imaging of prostate cancer cells. Using fluorescence method, CMC value of the synthesized micelles was 

determined to be 0.638 mM. The activity of phospholipase A2 (PLA-2) enzyme toward the synthesized 

micelle was investigated and confirmed by LC-MS. This kind of surfactant can form UCNPs-loaded  

phosphate micelles formed from PLA-2 cleavable surfactant in order to deliver UCNPs directly to prostate 

tumor cells by reducing side effects on normal biological tissues. TEM results showed that micelles have 

size ranged from 80 nm to 150 nm; whereas size of UCNPs-loaded micelles ranges from 200nm to 350 nm. 

Cytotoxicity results confirmed the biocompatibility of micelles. Bio-imaging experiments conducted on 

KB and HeLa cell lines confirmed encapsulation of UCNPs in micelles thereby reducing the non-selective 

binding of UCNPs towards cells with low expression of PLA-2. Meanwhile, bio-imaging application on 

22Rv1 prostate cancer cell line confirmed the selective release of UCNPs on the surface of the prostate 

cancer cells.reducing the non-selective binding of UCNPs towards cells with low expression of PLA-2. 

Meanwhile, bio-imaging application on 22Rv1 prostate cancer cell line confirmed the selective release of 

UCNPs on the surface of the prostate cancer cells. 
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Determination of C18 -ceramide based on paper-based analytical device 

coupling with mass spectrometry 
 

Shavkatjon Azizov, SHARIPOV MIRKOMIL, Huy B.T., Jae-Min Lim, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Paper spray ionization has been developed as a direct, fast and low-cost sampling and ionization method 

for qualitative and quantitative mass spectrometric analysis of C18-ceramide in complex mixtures. Analyte 

ions are generated by applying a high voltage with a small volume of spray solvent onto a porous substrate. 

The sample can be preloaded onto paper or mixed into the spray solution. Wax-printed micro paper-based 

analytical device (µPAD) coated with paraffin was utilized as a high efficient and low-cost microfluid ic 

device which can be combined in paper spray mass spectrometry (PS-MS). Until now, several methods 

have been introduced for C18-ceramide analysis. However, µPAD combined with PS-MS method has never 

used for C18-ceramide analysis. Mostly, high-performance liquid chromatography-mass spectrometry 

methodology is adapted for the determination of ceramide in human blood and serum samples but it needs 

sophisticated optimization of instrumentation and sample preparation. Our developed µPAD-paper spray 

mass spectrometry provides clear advantages over other methods due to reducing the experimental steps 

and fast operation process for identifying C18-ceramide. 
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Colorimetric detection of Cr(VI) using graphene oxide as a peroxidase 

mimetic catalyst 
 

NGUYEN NGOC NGHIA, Huy B.T.1, YONG-ILL LEE1,* 

 
Changwon National University, Korea 

1Department of Chemistry, Changwon National University, Korea 

  

A highly sensitive and selective detection of hexavalent chromium (Cr(VI)) was proposed using graphene 

oxide (GO) as a peroxidase mimetic catalyst. The blue colored free cation radicals were generated simply  

by an oxidation reaction of tetramethyl benzidine (TMB) which was catalyzed by GO. In the presence of 

8-hydroxyquinoline (8-HQ), the radical consumption was monitored by the decrease of absorbance of TMB 

and then the recovery of blue color was observed by the addition of Cr(VI). The proposed probe exhibited  

high selectivity on Cr(VI) due to the formation of a chelate ring between 8-HQ and Cr(VI), inducing the 

recovery of the radical generation. Under the optimum experimental condition, the limit of detection was 

calculated to be 70 nM of Cr(VI). More importantly, this method was successfully applied to the detection 

of Cr(VI) in real water samples. 
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Headspace in-tube microextraction (HS-ITME) of chlorophenols by 
capillary electrophoresis-electrospray ionization-mass spectrometry 

 

Yun Jung Choi, Doo Soo Chung* 

 
Division of Chemistry, Seoul National University, Korea 

  

Capillary electrophoresis/mass spectrometry (CE/MS) is a powerful analytical tool combining high 

performance separation of CE and information-rich MS. Headspace in-tube microextraction (HS-ITME) is 

a simplest possible scheme of liquid phase microextraction, providing sample cleanup and enrichment for 

volatile compounds. As a means of improving the power of CE/MS further, HS-ITME was in-line coupled 

with CE/MS. When HS-ITME was coupled with CE/electrospray (ESI)-MS, the capillary outlet is exposed 

to the open air and there was a problem of air plug formation due to evaporation of the run buffer in the 

capillary. By running a small amount of the sheath liquid during extraction, the evaporation problem was 

solved. Then without any physical modification of the CE/MS setup, dichlorophenols and trichlorophenols 

in an acidified aqueous solution were enriched into a basic acceptor plug at the entrance of the capillary. 

The chlorophenols were enriched about 50 times with a 5-min HS-ITME at 40°C, and successfully analyzed 

by CE/MS. 
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Synthesis of High Crystallinity Carbon Nano-spheres as 

Hyperpolarized MRI Probes for Cancer Diagnosis 
 

DOKYUNG KIM, Youngbok Lee1,* 

 
Department of Bio-Nano technology, Hanyang University, Korea 
1Department of Bio-Nano techology, Hanyang University, Korea 

  

Carbon is widely used as a new material in a wide range of fields such as electric and electronic fields, 

mechanical and energy fields, and bio-medical and environmental fields. The properties of carbon such as 

a high affinity with biomaterials, paramagnetic properties, easily size control are great advantages that can 

be utilized as a hyperpolarized MR imaging probe. Biocompatibility and biodegradability of carbon make 

it possible to utilize particles even in vivo. In addition, flexible surface functionalization of carbon and 

surface pore make it possible to use the imaging probe as a theragnosis material to carry the drug to target 

cells. Carbon Nano Spheres(CNS), composed of polydopamine, are doped by nitrogen. So, stable free 

radicals present on the surface of CNS that can eventually be amplified by a DNP effect. To improve the 

DNP signal, CNS must have high crystallinity because high crystallinity has a long T1 time. Therefore, we 

had attempted to synthesize CNS with high crystallinity in various ways. 1) High temperature treatment : 

After high temperature treatment, 002 diffraction profile be shifted to high angle side and sharpened. With 

increasing temperature, carbon layers grew and the number of stacked layers increased. Therefore, 

turbostratic structure changes to graphite structure by high temperature. 2) Catalytic carbonization : Among 

the various transition metals, gold had a diamagnetic property that does not block the DNP signal was 

selected. So dopamine is coated on the gold which is synthesized into spheres and carbonized. At 

carbonization step, Gold particles work as catalysts for graphitization. Finally obtained CNS having high 

crystallinity can potentially be utilized as biocompatible and targetable imaging probe for hyperpolarized  

MRI researches. 
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Optimization Study about Synthesis of Silicon Coated Gold 

Nanoparticles for Dual Imaging and Dual Therapy 
 

Soomin Hwang, Jiwon Kim, Hoeil Chung1, Youngbok Lee* 

 
Department of Bio-Nano Technology, Hanyang University, Korea 

1Department of Chemistry, Hanyang University, Korea 

  

In this research, silicon coated gold nanoparticles (Au NPs@Si) for dual imaging and therapy were 

synthesized. Gold nanoparticles (Au NPs) can be used for Surface-Enhanced Raman Spectroscopy (SERS) 

substrates and thermal therapy for cancer as photo-thermal agents. And then, silicon (Si) can make an 

amplified signal by DNP, one of the hyperpolarization phenomena, so that it can be used for MR imaging  

probe and also drug delivery through pores. The Au NPs made by seeded growth method were coated with 

silica using stöber method. The thickness of the silica shell was adjusted by varying the amount of TEOS, 

and the scale was gradually increased to obtain sufficient amount for reduction. Silica coated gold 

nanoparticles were converted to Au NPs@Si by magnesiothermic reduction. Reduction process was 

proceeded using a closed reactor and the optimized conditions to obtain Au NPs coated with a high raio of 

silicon were found by varying the reduction temperature and time. It was confirmed that the silica shell was 

reduced to silicon by the observation of the crystallinity of silicon, and that the Au NPs remained after the 

reduction process through the TEM images. Au NPs@Si can give an amplificated Raman signals compared 

to the conventional signals by SERS effect and increase temperature when the laser is applied. Then 

fluorescent material can be loaded and released by Au NPs@Si to evaluate drug delivery efficiency and 

amplified signal by DNP can be used for MR imaging. Therefore, through these methods, the effectiveness 

of synthesized Au NPs@Si as probes for dual imaging and dual therapy for cancer diagnosis and therapy 

can be evaluated. 
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Synthesis of Magnetic Carbon Nanospheres as Sorbents for 

Wastewater Treatment 
 

Quy Son Luu, DOKYUNG KIM, Youngbok Lee* 

 
Department of Bio-Nano Technology, Hanyang University, Korea 

  

Currently, the thorny issue is treated wastewater in the lakes and rivers where it is near industrial companies 

and residential areas. This study contributed to the synthesis of magnetic carbon nanospheres (MCNs) 

which had been recovered the heavy metals and organic contaminants by a magnet. This research 

synthesized MCNs through three different routes. (1) MCNs was synthesized by iron-polydopamine (Fe-

PDA) complex and the surface functionalization of MCNs, which helps to capture the heavy metals and 

organic pollutants, was altered by hydrogen peroxide. (2) The second route was used two-steps synthetic. 

The first step was a synthesis of iron oxide (Fe3O4) and the second step was coating polydopamine (PDA). 

(3) The final route synthesized MCNs through integration between the iron compound and carbon 

nanospheres (CNS). And the surface modification was adjusted similarly the first route. The physical and 

chemical properties of MCNs were assessed by performing infrared spectroscopy (IR spectroscopy), 

dynamic light scattering (DLS), scanning electron microscopy (SEM), transmission electron microscopy 

(TEM), X-ray diffraction (XRD), Brunauer–Emmett–Teller (BET) surface area and Zeta potential. 

Especially, MCNs via route (3) synthetic was well-dispersed and uniformly which was proved by TEM 

images. Moreover, the functional groups were demonstrated by IR spectroscopy. MCNs was modified  

surface that it is potentially utilized as sorbents for the heavy metals and organic contaminants. Further 

research is required to determine the concentration of the heavy metals and organic pollutants, which are 

removed by MCNs, through inductively coupled plasma mass spectroscopy (ICP-MS). 
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Development of a Multiple-color-based Three-dimensional Paper 

Sensor for Selective Detection of Foodborne Pathogens 
 

Hyeok Jung Kim, Hyeran Noh1,* 
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& Technology, Korea 

  

Sensing strategies for foodborne pathogens have been developing as rapidly analyzing, convenient and 

cost-effective sensors throughout the past decades. Here, we developed a three-dimensional paper sensor 

for five species of foodborne bacteria, Escherichia coli, Escherichia coli O:157, Salmonella spp., 

Staphylococcus and Listeria monocytogenes, with using the chromogenic substrates specific to the enzyme 

of each bacterium. This compact-sized sensor was fabricated with multi-layered filter paper which is 

patterned by wax-ink to form hydrophobized walls in the paper matrix. Each layer contains lysis, oxidizing  

and chromogenic substrate reagent for effective enzyme-substrate reaction. Each pathogen was 

qualitatively detected by observing the color developments of the bottom layer with naked eyes. Further 

quantitative analysis was realized by digitalizing the color changes. The color developments were 

detectable within 30 min after injecting 50μL of sample. When conducted with enrichment step (taking 12 

hours or less), the sensor was able to sensitively detect as low concentration of the analytes as 101 cfu/ml. 

The three-dimensional paper sensor is potable, selective and easy-to-use analytic device for first screening 

detection and quantitative analysis of foodborne pathogen. 
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The human brain is the source of human epilepsy. Epilepsy is a chronic disorder, the hallmark of which is 

recurrent, unprovoked seizures. The seizures in epilepsy may be related to a brain injury or a family  

tendency, but often the cause is completely unknown. The exact mechanism of epilepsy is unknown, but a 

little is known about its cellular and network mechanisms. In connection with the development of new 

anticonvulsant, we examined the structural similarities of various anticonvulsants, known to act by different 

mechanisms. So we designed the active structure such as ester or acid anhydride in a single molecule as 

new anticonvulsant of broader spectrum. Herein we wish to report the synthesis of a series of valproic acid 

and their in vivo and in vitro anticonvulsant evaluations. 
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In search of a next generation Bedaquiline for the treatment of 

Tuberculosis 
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Bedaquiline (1) is the first FDA approved drug for the treatment of tuberculosis (TB) in 40 years and the 

first of the diarylaminoquinoline class. It has a novel mechanism of action through inhibition of the 

mycobacterial ATP synthase enzyme.1 It demonstrates excellent efficacy against TB, but induces 

phospholipidosis at high doses, has a long terminal elimination half-life (due to its high lipophilicity) and 

exhibits potent hERG channel inhibition, resulting in clinical QTc interval prolongation.2A range analogues 

of 1 have been prepared to address these issues and evaluated for their anti- M.tb activity (MIC90) to 

examine their use as effective and safer second generation analogues of 1. References1.Koul, A.N.; 

Dendouga, K.; Vergauwen, B.; Molenberghs, B.; Vranckx, L.; Willebrords, R.; Ristic, Z.; Lill, H.; Dorange, 

I.; Guillemont, J.; Bald, D;, Andries, K. Diarylquinolines target subunit c of mycobacterial ATP synthase. 

Nat. Chem. Biol. 2007, 3, 323-324.2.Kakkar, A.K.; Dahiya, N. Bedaquiline for the treatment of resistant 

tuberculosis: Promises and pitfalls. Tuberculosis 2014, 94 (4), 357-362. 
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Investigation of Nucleosome Using thdG-tC FRET System 
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The structural changes of a nucleosome, in which nucleosome is basic structural unit of eukaryotic 

chromatin, are important key to the understanding of the mechanism of genetic process. Förster Resonance 

Energy Transfer (FRET) is a useful tool to investigate structural dynamics of nucleosomes such as 

unfolding, unwrapping and repositioning. In the previous study, fluorophores such as Cy3 or Cy5 were 

conjugated to DNA base and/or histone protein via flexible linkers. However, rotational freedom of these 

dyes is a drawback for accurate analysis of the conformational dynamics. Very recently, we have developed 

a novel nucleic acid-based FRET system that consists of 2-aminothieno[3,4-d]pyrimidine G-mimic 

deoxyribonucleoside (thdG) as a donor and 1,3-diaza-2-oxophenothiazine (tC) as an acceptor. In this study, 

we incorporated our FRET pair into 601 sequence DNA and observed FRET efficiency of thdG and tC-

containing nucleosome to investigate folding process of nucleosomes. As considering location of 

fluorophores in nucleosome, we designed primers containing donor and acceptor and successfully 

incorporated into 601 sequences DNA by PCR amplification. We found that thdG-tC FRET pair-containing 

601 sequence DNA could be successfully reconstituted to nucleosomes which have a different FRET 

efficiencies. 
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Cell Encapsulation: Cytoprotection of Living Cells against External 

Stresses 
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Cell encapsulation, forming cell-in-shell structures, provides a chemical tool for the isolation and protection 

of living cells from harmful, and often lethal, external environments. The nanometric shell provides 

exogenous properties that are neither innate nor naturally achievable, and enhanced tolerance in vitro 

against lethal factors in real-life settings. Herein, we introduce simple strategies for forming cell-in-shell 

structures. First, we developed a simple polydopamine coating for obtaining cytoprotective capability of 

the alginate microbead that encapsulated Saccharomyces cerevisiae. The resulting alginate/polydopamine 

core/shell microbeads was mechanically tough, prevented gel swelling and cell leakage, and increased 

resistance against enzymatic attack and UV-C irradiation. Next, we reported the interfacial supramolecular 

self-assembly and shell formation of ferric ions (FeIII) and tannic acid (TA) for cell encapsulation, where 

FeIII and TA come into contact each other and self-assemble across the interface of two immiscible phases. 

The interfacial shell formation developed is simple, fast, and cytocompatible. Its versatility is demonstrated 

with various biphasic systems: hollow microcapsules, encasing microbial or mammalian cells that are 

generated at the water-oil interface; a cytoprotective FeIII-TA shell that forms on the surface of the alginate 

microbead, which then entraps probiotic Lactobacillus acidophilus; and a pericellular FeIII-TA shell that 

forms on individual Saccharomyces cerevisiae. These simple strategies for cell encapsulation will advance 

chemical manipulability of living cells. 
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Label-free target identification and mode-of-action study using in-gel 

fluorescence difference via thermal stability shift 
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Target engagement is a prerequisite for the therapeutic effects of bioactive small molecules, and unbiased 

identification of their target proteins can facilitate drug discovery and chemical biology research. Structural 

modifications of bioactive natural products for target identification exhibit potential limitations such as 

synthetic difficulties, limited supplies from natural sources, and loss of original efficacy. Herein, we 

developed a label-free method for proteome-wide target identification using in-gel fluorescence difference 

caused by thermal stability shift, namely TS-FITGE. Quantitative intra-gel image analysis of each protein 

spot revealed target proteins with shifted thermal stability upon drug engagement, and plotting of melting  

curves by inter-gel analysis confirmed the positive targets. We demonstrated the robustness and 

applicability of the TS-FITGE method by identifying target proteins, including membrane-anchored  

proteins, of complex bioactive compounds. Furthermore, we identified and functionally validated 

nucleophosmin as a novel target protein of hordenine, a natural product upregulator of in vitro translation. 
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Ultrastable Synthetic Host-guest interactions: a Novel Supramolecular 

Tool for Chemical Biology 
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The streptavidin (Sv)-biotin (BT) system with a high binding affinity (K ~ 1013 M-1) as a protein-ligand 

binding pair has been utilized as a powerful chemical biology tool for protein imaging, purification, and 

analysis. However, the Sv-BT pair has some intrinsic shortcomings; 1) interference of binding from 

endogenous biotins that are widespread in cells and tissues, and involved in various metabolic pathways in 

many species 2) false positive signals caused by endogenously biotinylated proteins 3) difficulty in 

chemical modification and instability of streptavidin (protein) degraded by proteases in cellular conditions. 

Recently, we developed a new ultrastable synthetic binding pair as “supramolecular latching system” 

consisting of cucurbit[7]uril (CB[7]) and ferrocenemethylamine (FcA) or adamantineamine (AdA), which 

has almost comparable (or even higher) binding affinity (K ~1012-15 M-1) to Sv-BT with unique features 

including 1) bio-orthogonality in binding which is not affected by endogenous biomolecules such as biotin, 

2) a small size with stable and robust chemical structure, 3) scalability using known chemical synthetic 

methods and 4) convenient uses with easy-to-handle and 5) controllable binding affinity by treating strong 

competitors, by which the binding of the synthetic host-guest pair can be modulated on-demand as 

supramolecular latch “on” and “off”. Here, I will talk about our recent efforts to utilize this supramolecular 

latching system for visualization of spatially specific proteins in and on living organisms such as cells and 

Caenorhabditis elegans (C. elegans). In addition, our extended efforts to utilize it for spatiotemporal 

proteome mapping in living cells by combining with a promiscuous protein labeling method will be 

introduced. 
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Synthesis of Imidazopyridines via Copper-Catalyzed, Formal Aza-[3 + 
2] Cycloaddition Reaction of Pyridine Derivatives with α-Diazo Oxime 

Ethers 
 

Kyusik Um, Phil Ho Lee* 

 
Department of Chemistry, Kangwon National University, Korea 

  

N-Containing heterocyclic compounds are extremely important in the study of biological activity and for 

pharmaceutical utilization. Especially, imidazopyridines with both pyridine and imidazole moieties, which 

comprise a typical, privileged scaffold, exhibit gastroprotective properties and function as sedative, 

anxiolytic, and insomnia medicine. For this reason, the development of a synthetic method for 

imidazopyridine and its derivatives from easily accessible compounds is needed. So we developed a Cu-

catalyzed, formal aza-[3 + 2] cycloaddition reaction with pyridine derivatives and α-diazo oxime ethers in 

trifluoroethanol to synthesize imidazopyridines with the release of molecular nitrogen and elimination of 

alcohol. This method enabled modular synthesis of a wide range of N-heterobicyclic compounds such as 

imidazopyridazines, imidazopyrimidines, and imidazopyrazines.This work was supported by the Human 

Resource Training Program for Regional Innovation and Creativity through the Ministry of Education and 

National Research Foundation of Korea (NRF-2015H1C1A1035955). 

 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.O-2 

Area: Oral Presentations of Young Scholars in Organic Division 

Type: Oral Presentation, Time: THU 09:15, Chair: Jung Min Joo 

 

 
Divergent Catalytic Transformations of N-Sulfonyl-1,2,3-Triazoles into 

α-Aminoindanone and Isoquinolinone Derivatives 
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N-sulfonyl-1,2,3-triazoles are the useful precursors inducing various derivations via metal carbene 

intermediates. During the rapid investigations of intramolecular reaction to various N-sulfonyl-1,2,3-

triazoles , manufacturing them through thermal denitrogenative 1,2-hydride shift which generates N-

sulfonyl ketenimine intermediates have become a new pathway toward the novel transformation of N-

sulfonyl-1,2,3-triazoles. Therefore, controlling the formation of metal or free carbene intermediates under 

the catalytic conditions make divergent synthesis available. Herein, we developed intramolecular divergent 

catalytic reactions to control two pathways within introducing allyl alcohol group on phenyl ring of N-

sulfonyl-1,2,3-triazoles affording isoquinolinone and 1-indanone derivatives according to two different  

catalytic reaction conditions. 
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Regioselective 1,4-disubstituted triazoles have been accessed particularly using copper-catalyze azide-

alkyne cycloaddition.[1] In sharp contrast, the synthetic methods to afford 1,5-disubstituted compounds 

have been developed relatively slowly. Ruthenium- and lanthanide-based catalytic reactions have been 

practically limited due to the air- and moisture sensitivities. Herein, we unveil nickel-catalyzed highly 

selective 1,5-disubstituted triazole formation reaction under the ambient conditions.[2] In particular, the 

reaction protocol is compatible with organic solvent and aqueous solvent conditions, which can be 

potentially applied to the biochemical approaches.References:[1] M. Meldal, C. W. Tornoe, Chem. Rev. 

2008, 108, 2952.[2] W. G. Kim, et al. J. Am. Chem. Soc. 2017, 139, 12121. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.O-4 

Area: Oral Presentations of Young Scholars in Organic Division 

Type: Oral Presentation, Time: THU 09:45, Chair: Jung Min Joo 

 

 
Rhodium-Catalyzed Tandem Addition―Cyclization―Rearrangement 

of Alkynylhydrazones with Organoboronic Acids 
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In this talk, a tandem protocol for the synthesis of cycloalkenes based on the merger of rhodium catalysis 

and traceless pericyclic rearrangement will be presented. This strategy enables alkyne-tethered N-

sulfonylhydrazones and organoboronic acids to undergo a cascade of 

addition―cyclization―rearrangement reactions to provide cycloalkene products. Mechanistic studies 

suggest that the process is commenced by the rhodium-catalyzed addition―cyclization and completed with  

the retro-ene reaction of an allylic diazene intermediate. The novel transformation can be rendered 

asymmetric by using chiral diene ligands for the rhodium catalyst, whereby enantioselective addition to the 

C=N bond establishes the C―N stereocenter whose chirality is transferred to an allylic C―H center via 

suprafacial rearrangement. 
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Electronically Mismatched Cycloaddition Reactions via Single-

Electron-Transfer of Iron(III)-polypyridyl Complex 
 

JungHa Shin, EunYoung Seong, Eun Joo Kang* 
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Although Iron catalysts are expected to be useful for redox reactions because they possess rich multivalent 

states and are easily accessible, selective studies on these characteristic features of Iron have hardly 

progressed. Iron(III)-polypyridyl complex and its derivatives show the sufficient oxidizing potential to act 

as an one-electron oxidant to produce the radical cations of olefins, therefore it can promote the efficient 

radical cation cycloaddition of electron-rich dienophiles. It is well-known that photocatalysts or organic 

catalysts conduct the electronically mismatched cycloaddition such as [2+2] or [2+4] cycloaddition (Diels -

Alder reaction). Recent study is going along with Ru(II) or Cr(III) polypyridyl complexes as a photocatalyst 

and demonstrates that chain propagation steps dominate product formation in polar radical cycloaddition 

mechanism compared to initiation step. Based on current research, we performed radial cation catalyzed 

[2+2] and [4+2] cycloaddition using Fe(III) polypyridyl complexes as effective radical cation generator. 

Fe(III) complexes were capable of single electron oxidation of some kinds of anethole derivatives and 

oxidized anethole derivatives reacted with styrene or isoprene derivatives to produce cycloadduct radical 

cation. This radical cation could complete the reaction by chain propagation and consequently trisubstituted 

cyclobutane or cyclohexene derivatives could be synthesized. Although they cannot carry out whole 

catalytic cycle, it can be a facile route to replace rare metals with the sustainable, green and inexpensive 

iron to make an effective radical cation cycloaddition reaction.AcknowledgementThis work supported by 

the GRRC program of Gyeonggi province (GRRCKyungHee2017-A01) and National Research Foundation 

(NRF-2015R1D1A1A01060349).References1) M. A. Ischay.; M. S. Ament.; T. P. Yoon.; Chem. Sci. 2012, 

3, 2807-28112) S. M. Stevenson.; M. P. Shores.; E. M. Ferreira. Angew. Chem. Int. Ed. 2015, 54, 6506 –

6510. 
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Synthesis of 2-Substituted Quinolines from 2-Aminostyryl Ketones 

Using Iodide as a Catalyst and Its Application to On-water Synthesis 
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Quinolines are common building blocks found in biologically and pharmacologically active compounds. 

Particularly, 2-substituted quinolines are of importance since they display interesting biological activities 

and been utilized as key building blocks in materials science. One of the conventional methods for the 

synthesis of 2-arylquinolines involves the intramolecular cyclization of (E)-2-aminochalcones. However, 

this method generally requires additional steps to convert (E)-alkene into (Z)-isomer via either 

photoisomerisation or the use of a stoichiometric amount of chemical reagents, such as iodine and selenium, 

in the presence of a base.We hypothesized that 2-arylquinolines could be prepared from 2-aminochalcones  

in the presence of iodide as a nucleophilic catalyst. Conjugate addition of iodide to 2-aminochalcones would 

lead to β-iodoketones, which undergo intramolecular imine formation affording dihydroquinoline 

intermediates. Following elimination of iodide provided the desired 2-arylquinolines. Based on this 

hypothesis, we developed a novel method for 2-arylquinolines starting from 2-aminochalcones in the 

presence of a catalytic amount of Iodide.Furthermore, we could expand this reaction in water as a reaction 

media. Since water is the unique the cheapest abundant solvent available from nature, non-toxic to the 

environment, easy product isolation by simple phase separation, the development of novel on-water 

reaction has received considerable attentions from the chemical society. Thus, we further extended this 

protocol for the on-water synthesis of quinolines from 2-aminostyryl ketones. By using water-insoluble 

properties of 2-aminochalcone and 2-arylquinoline, the quinoline products could be easily isolated from 

the reaction mixture. 
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Enantioselective Hydration of α, β-unsaturated Ketones Using a DNA 

Hybrid Catalyst Containing an Intrastrand Bipyridine Ligand 
 

Jihye Yum, Soyoung Park*, Ryota Hiraga, Hiroshi Sugiyama* 
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Enantioselective addition of water to alkene is a challenge to organic chemists because of small size and 

low nucleophilicity of water a. In 2010, the first non-enzymatic catalytic asymmetric syn-hydration of 

enones using supramolecular assembled DNA hybrid catalysts was reported; providing β-hydroxy ketones 

up to 82% ee.1 Recently, we have established a systematic strategy for the development of DNA-based 

hybrid catalysts constructed with the counter base of metal complexes, neighboring bases in the active site, 

and disposition of the active site.2 In this study, we report enantioselective hydration of α, β-unsaturated 

ketones to β-hydroxy ketones by DNA-based hybrid catalysts containing intrastrand bipyridine ligand. We 

synthesized various DNA hybrid catalysts with 13-mer DNA oligonucleotides, 5'–

d(GCATGGXCACGGT)–3'/5'–d(ACCGTGYCCATGC)–3', where X = a bipyridine ligand, Y = a non-

binding steric moiety and obtained up to 89% enantioselectivity. Interestingly, we found that the present 

DNA-based hybrid catalyst afforded the opposite enantiomeric outcome compared with the previously 

reported supramolecular assembled Cu(II)−ligand/st−DNA catalyst. Further studies are underway to 

investigate temporal evolution of enantioselectivity and substrate scope. 1) A. J. Boersma, et al., Nat. Chem., 

2010, 2, 991. 2) S. Park, et al., ACS. Catal., 2015, 5, 4708. S. Park, H. Sugiyama, Angew. Chem. Int. Ed., 

2010, 49, 3870. 
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Tetrazine-Containing Colorful Bioorthogonal Probes based on the 

Indolizine Core Skeleton 
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Fluorogenic bioorthogonal probes are ideal for fluorescent imaging in live cell conditions. By taking 

advantage of the dual functionality of tetrazine (Tz), as a bioorthogonal reaction unit as well as a 

fluorescence quencher, a fluorophore−Tz conjugate (FLTz) has been utilized for fluorescent live cell 

imaging via inverse electron-demand Diels−Alder (iEDDA) type bioorthogonal reactions. However, most 

FLTz strategies rely on a donor−acceptor type energy transfer mechanism, which limits red-shifting of 

probes’ emission wavelength without deterioration of the fluorescent turn on/ off ratio. To address this 

constraint, we present a monochromophoric design strategy for making a series of FLTzs spanning a broad 

range of emission colors. For the systematic comparison of design strategies with minimized structural 

differences, we selected indolizine-based emission-tunable Seoul-Fluor (SF) as a model fluorophore system. 

As a result, by inducing strong electronic coupling between Tz and π-conjugation systems of an indolizine 

core, we efficiently quench the fluorescence of SF−tetrazine conjugates (SFTzs) and achieved more than 

1000-fold enhancement in fluorescence after iEDDA reaction with trans-cyclooctene (TCO). Importantly, 

we were able to develop a series of colorful SFTzs with a similar turn-on/off ratio regardless of their 

emission wavelength. The applicability as bioorthogonal probes was demonstrated with fluorescence 

bioimaging of innate microtubule and mitochondria using docetaxel−TCO and 

triphenylphosphonium−TCO in live cells without washing steps. 
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Colloidal Mixtures of Transition Metal Chalcogenide and Oxide 
Nanosheets: Universal Precursors for Functional Nanohybrids 
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The common 2D morphology and hydrophilic surface natures of exfoliated transition metal dichalcogenide 

(TMD) and transition metal oxide (TMO) nanosheets make possible the formation of homogenous colloidal 

mixture of these nanosheet materials. The obtained mixed colloids can be used as efficient precursor for 

intimately-coupled TMD-TMO nanohybrids with improved functionality. In one instance, highly efficient  

noble metal-free electrocatalysts for hydrogen evolution reaction (HER) are synthesized by the restacking 

of MoS2 and MnO2 nanosheets with cations. The hybridization with MnO2 nanosheet is quite effective in 

enhancing the HER electrocatalytic activity of MoS2 with significant improvement of stability, which is 

attributable to the provision of more reactive MoS2 edge sites and enhanced charge transfer upon the 

addition of MnO2 nanosheet. The present result clearly demonstrates that the colloidal mixture of TMD and 

TMO nanosheets can be used as effective precursor for exploring high performance TMD-based hybrid 

materials. 
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Atomically Tailored Metal Nanoclusters: A New Electrocatalysts for 

Energy Conversion 
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For the past few years, owing to their novel electronic, optical and catalytic properties with high chemical 

and thermodynamic stability, metal nanoclusters containing a few to a few hundreds of metal atoms have 

been extensively studied. They appear to represent the bulk-to-molecule transition region where electronic 

band energetics yield to quantum confinement effects and discrete electronic states emerge. This 

presentation will provide the fundamental science and technological applications of these metal 

nanoclusters. Voltammetry of the metal nanoclusters displays unique redox peaks and size-dependent 

electrochemical HOMO-LUMO gaps that can be related to optical and calculated energy gaps. The Au25, 

Au38 and Au67 nanoclusters exhibited the increase in the energy gap opening at the Fermi level with  

increasing size, revealing the molecule-like optical and electrochemical properties. This result suggests the 

groundwork that can advance our understanding of the nature and transitions of metal-to-molecule in 

nanoclusters. In addition, mono Pt-doped Au25 nanocluster, PtAu24, show the excellent electrocatalytic 

activity toward hydrogen evolution reaction, which exhibits remarkable activity with the rate constant of 

121,000 s-1 at -0.7 V (vs. RHE) and very low onset-potential of Eonset= 70 mV (vs. RHE). The origin of the 

extraordinary catalytic activity of the nanoclusters is discussed along with reaction mechanisms. The doped 

metal nanoclusters opened an avenue to atomically tune their electronic properties and redox potentials for 

the development of tailored electrocatalysts. 
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Intracellular biorthogonal catalysis of enzyme-mimicking 

nanoparticles 
 

Youngdo Jeong 

 
Biomedical Research Institute, Korea Institute of Science and Technology, Korea 

  

Bioorthogonal catalysis can regulate the intracellular chemistry without the hindrance of the autoregulation 

for the homeostasis. However, complex intracellular environment and catalyst instability are big obstacles 

for the synthetic catalytic system not only to perform their functions inside cells, but also to regulate the 

catalysis like enzymes. We have fabricated the protein-sized biorthogonal nanozymes that can be regulated 

the intracellular catalysis. These nanozymes are consist of the water-soluble nanoparticles bearing the 

hydrophobic transition metal catalysts in their ligand shell and gate-keeping units using host-guest 

chemistry between the nanoparticle and cucurbit[7]uril. Their regulation mechanism design was from the 

allosteric regulation of enzymes. The intracellular catalytic systems were used for imaging and therapeutic 

applications through triggered cleavage of allylcarbamates for pro-fluorophore activation and propargyl 

groups for prodrug activation, demonstrating as a novel platform of the enzyme mimicking nanobot. 
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Lanthanide-engineered magnetic nanoparticles: survival of Verwey 

transition, surface water accessibility-dependent relaxivity tuning and 
the high-performance contrast agents for ultrahigh field MRI 

 

Jeong Chan Park 

 
Pohang University of Science and Technology, Korea 

  

Lanthanide-engineered magnetite NPs are of particular interest owing to their unique optical and magnetic 

properties. However, to date, the studies have focused on synthesis and the development of T1-T2 dual-

modal MRI contrast agents (CAs) utilizing lanthanide ions. Herein, we show that Gd-engineered ultrasmall 

magnetite NPs do undergo the Verwey transition at ∼110 K and that surface anisotropy is an important  

factor in such a transition. In addition, we report the relaxivity tuning of T1-T2 dual-modal MRI CAs 

depending on the surface water accessibility, and the monitoring protein interactions with T1-T2 dual-

modal MRI CAs. To date, the realization and the relaxivity tuning of T1-T2 dual-modal MRI CAs have 

been attained through the dopant, size and morphology of nanomaterials, remaining open opportunities for 

sensing applications of T1-T2 dual-modal MRI CAs. We observe that the correlation between the 

hydrophobicity of surface materials and the longitudinal relaxivity (r1) of T1-T2 dual-modal MRI CAs 

presents exponential decay feature. Europium-engineered iron oxide (EuIO) as core nanoparticles (NPs) is 

prepared. The r1 relaxivity of EuIO-Cit exhibits 13.2 fold higher than that of EuIO-PP. According to the 

surface materials, EuIO can act as T1-T2 dual-modal (EuIO-Cit) or T2-dominanted MRI CAs (EuIO-PP). 

It is also explored that the feasibility of the resulting nanosystem as a sensor to report environmental 

changes, such as albumin interaction. The albumin interaction on T1-T2 dual-modal MRI CAs shows the 

change in both T1 and T2 relaxation time, which would the mutually confirmative information. Dy-

engineered IO shows the high performance contrast ability at ultrahigh magnetic field (9.4 T) compared 

with the reported one. Detailed experiment methods and results would be presented at this meeting. 
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89Zr labeled biomimetic nanoparticles for PET imaging 

 

Jun Young Lee, JEONG HOON PARK* 

 
Radiation Instrumentation Division, Korea Atomic Energy Research Institute, Korea 

  

Immune control proteins camouflaged nanoparticles have recently been studied for their biological 

compatibility, long-term circulation, retention of cell membrane properties, low toxicity and ability to avoid 

immune-barrier. In this study, we have successfully synthesized and evaluated red blood cell membrane 

(Rm)-camouflaged, hollow mesoporous silica nanospheres (HMSNs). Rm-HMSNs effectively accumulate 

in the tumor by prolonged blood circulation cause by avoiding phagocytosis of macrophage. Its distribution 

in the body over a long period of time was confirmed with positron emission radionuclide 89Zr having long 

half-life of 3.3 days. Especially, as it is a radiopharmaceutical, NPs can be coated with a low volume of 

animal blood. The extraction and use of Rm from the same animal helped to overcome the immune barrier. 

This strategy can be applied extensively to identify the long-term in vivo behavior of nano-drugs while 

enhancing their biocompatibility. 
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High Tumor Targeting and Neutron Capture Efficiencies of BSH-LDH 

in Boron Neutron Capture Therapy 
 

GOEUN CHOI, HUIYAN PIAO, SAIRAN EOM, JIN-HO CHOY* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

An attempt was made to apply layered double hydroxide (LDH) as a boron delivery carrier for boron 

neutron capture therapy (BNCT), which needs a sufficient amount of boron in tumor cells for its successful 

administration. To meet this requirement, a nanohybrid (BSH-LDH), mercaptoundecahydro-closo-

dodecaborate (BSH) anionic molecules in LDH, was developed as a boron delivery system. The cellular 

boron content upon permeation of BSH-LDH nanoparticles (42.4 μg 10B/106 cells) in U87 glioblastoma cell 

line was found to be ~ 2000 times larger than the minimum boron requirement (~ 0.02 μg 10B/106 cells) for 

BNCT, and also orders of magnitude higher than the previous results (0.2 ~ 1.5 μg 10B/106 cells) by those 

applied with other targeting strategies, and eventually resulted in excellent neutron capture efficiency even 

under such low dose (30 μg 10B/mL) and weak irradiation (1 x 1012 n/cm2 corresponding to 20 min) 

condition. According to the biodistribution studies in xenograft mice model, the tumor-to-blood ratio of 

BSH in the BSH-LDH-treated-group was found to be 4.4-fold higher than that in the intact BSH treated 

one in 2 hours after drug treatment. The present BNCT combined with boron delivery system could provide 

a promising integrative therapeutic platform for cancer treatment. 
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Enhanced Delivery of Topoisomerase I Inhibitors Encapsulated in 

Carbon Nanotubes 
 

BYUMSEOK KOH 

 
Bio and Drug Discovery Division, Korea Research Institute of Chemical Technology, Korea 

  

Topoisomerase I inhibitors have shown potent anticancer activity, but poor water solubility limits their 

clinical application. Utilizing carbon nanotubes as a protective shell for water insoluble SN-38 and CPT, 

while maintaining compatibility with aqueous media via functionalized surface can thus be a strategy to 

overcome this limitation. With hydrophobic-hydrophobic interaction, SN-38 and CPT were successfully 

encapsulated in functionalized single-walled carbon nanotubes (fCNTs). Cell proliferation inhibition effect 

and drug distribution profile inside cells suggest that these drug encapsulated carbon nanotubes can serve 

as promising delivery strategy for water insoluble drugs. 
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Ammonium functionalization of porous supports to increase metal 

dispersion in high loading metal catalysts 
 

Jangkeun Cho, Ryong Ryoo* 

 
Center for Nanomaterials and Chemical Reactions, Institute for Basic Science, Korea 

  

High loading of metal catalyst on a porous support is desirable to achieve high catalytic performance in 

heterogeneous catalysis. However, at a high loading of metal, the dispersion becomes very poor due to 

agglomeration of metal particles. In this work, we present a strategy to solve the problem in case of high 

loading non-noble metal catalysts. Our approach utilized a regioselective nucleation of inorganic salts on 

the mesopore walls via surface functionalization with basic ammonium groups. The functional groups 

increased the internal basicity within the porous environment, which caused local precipitation of metal 

precursors as hydroxide forms preferentially inside the pores. After calcination and/or reduction process, 

we could obtain highly dispersed Ni, Cu, and SnO2 nanoparticles supported on porous materials such as 

MFI zeolite nanosponge, MCM-48 mesoporous silica, and porous alumina with loading amount up to 30 

wt%. The obtained Ni catalyst exhibited a superior catalytic activity for CO2 methanation reaction 

compared to the cases using unfunctionalized catalyst supports. In addition, supported Cu based catalyst 

showed higher catalytic activity than Pt based catalyst in preferential oxidation of CO. Such a high catalytic 

activity should be attributed to the large number of active sites resulting from the high dispersion of 

supported Cu. We believe that this novel approach is applicable to other basic functional groups, support 

materials, and supported species. Furthermore, the present method allows the rational synthesis of multi- 

component catalysts with a high interfacial area. 
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Rheological properties of different organo silane treated 

ceramic/photopolymer composites for stereolithography 3D printing 
 

Se Yeon Song, Ji Sun Yun* 

 
Korea Institute of Ceramic Engineering and Technology, Korea 

  

To prepare ceramic/photopolymer composite solution with various interfacial properties for SLA 3D 

printing application, the Al2O3 ceramic particles were coated with silane coupling agents (SCAs) having 

different organofunctional groups through a hydrolysis and condensation reaction. And then the SCA-

coated Al2O3 ceramic particles were highly dispersed in commercial photopolymer (High temp) based on 

interpenetrating networks (IPNs) phenomena. As the silane coupling agents, organofunctional groups such 

as acryloxy group, methacryloxy group and acrylamide groups based on methoxy groups of the same 

inorganic functional group excellent in UV curing reaction were used. The average coating thickness and 

morphology of SCA-coated Al2O3 ceramic particles were observed by FE-TEM and particle size 

distribution was measured by particle size analyzer. Dispersion stability and rheological behavior of SCA-

coated Al2O3 / High temp composite solutions were investigated by Turbiscan and viscoelastic analysis. 

The mechanical properties of the 3D-printed objects according to the rheological behavior was measured 

by nanoindenter. 
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Improving Stability of Ni-rich Cathode Materials with Layered Double 

Hydroxides for Li batteries via Exfoliation-Restacking Route 
 

You-Hwan Son 

 
Energy Lab, Samsung Advanced Institute of Technology, Korea 

  

Nickel-rich layered lithium transition-metal oxides, LiNi1−xMxO2 (M = transition metal), have been under 

intense investigation as high-energy cathode materials for rechargeable lithium batteries because of their 

high specific capacity and relatively low cost. However, the commercial deployment of nickel-rich oxides  

has been severely hindered by their intrinsic poor thermal stability at the fully charged state and insufficient 

cycle life, especially at elevated temperatures. Using functional hybridization by electrostatics attraction 

between negative charged nickel-rich layered lithium transition-metal oxides and positive charged layered 

double hydroxide ([M2+1-xM3+x(OH)2][An-]x/n · mH2O, where M2+ and M3+ are divalent and trivalent cation), 

Nickel-rich lithium transition-metal oxide with a very high capacity (~over 200 mA h g−1), the cathode 

materials with the high energy and long life times are successfully prepared. Moreover, as advanced 

approach, hybridization with exfoliated layered double hydroxide is composed of thin and uniform 

passivation layer on and micrometre-size secondary particles of this cathode material, resulting in a high 

rate capability. The experimental results suggest that this hybridizing cathode material is promising for 

applications that require high energy, long maintain life and excellent safety such as electric vehicles. 
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64Cu-doped layered double hydroxide for in-vivo PET imaging agent 

 

SAIRAN EOM, GOEUN CHOI, JIN-HO CHOY* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Copper-64 (64Cu), a positron-emitting radionuclide, has been widely used as a imaging radioisotope for 

positron emission tomography (PET), due to its low energy (653 keV) and long half-life of 12.7 h. Recently, 

we have developed a PET imaging nanoparticle, a biocompatible and stable 64Cu - layered double hydroxide 

(64Cu-LDH) for systemic delivery, by co-precipitation and hydrothermal method. According to the XRD 

and SEM studies, the 64Cu-LDH maintained its lamella structure with plate-like morphology. And it showed 

its 64Cu labeling efficiency of 99%. The doped 64Cu was well incorporated into octahedral site of LDH 

lattice, and as a consequence, the 64Cu-LDH was found to be chemically very stable not only in saline and 

PBS, but also in biological media such as mouse and human serums. Small animal PET images of the 64Cu-

LDH were obtained from 2 h to 48 h after i.v. injection in MDA-MB-231 xenograft mouse model, indicating 

that its tumor selectivity was increased by time. To enhance tumor uptake efficiency, the 64Cu-LDH covered 

with bovine serum albumin (BSA) were attampted for PET imaging. And surprisingly, we found that the 
64Cu-LDH-BSA showed 2-fold higher tumor uptake efficiency compared to the 64Cu-LDH. According to 

our previous drug delivery system (DDS) studies, we have already demonstrated that drug-LDH could be 

permeated inside the cells very efficiently through the clathrin mediated endocytosis, resulting in enhanced 

therapeutic efficacy than free drug in tumor-bearing mouse model. It is, therefore, concluded that the 64Cu-

LDH could be a promising material not only as the drug delivery carrier for cancer therapy, but also as the 

imaging and diagnostic agents. 
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LG-Chem KCS Research Presentation of High School Students 

 

Jinho Oh 

 
Chemistry & Biology, Korea Science Academy of KAIST, Korea 

  

Experience of high school student presentation at academic society stimulate them to grow to future 

chemists with an interest in chemistry.LG - Chem KCS Research Presentation expects high school students 

to provide not only their own research results at academic societies but also a place of education to 

experience research in the chemistry field.Students have the opportunity to better understand their research 

via feedback from chemists through such academic presentation experience. Students have opportunities to 

grow together with future chemists while interacting with other students.Students will experience one step 

closer to their future in chemistry while listening directly to chemical presentations.LG - Chem KCS 

Research Presentation should be continuously provided with opportunities to participate in more high 

school students in the future as it is expected that high school students will have the opportunity to grow 

confidently in their own dreams by chemistry. 
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A Study on Relations between Mentees' Reflective Thinking and 

Reflective Practices in Cooperative Mentoring 
 

Jihun Park, Munsuk Go, JEONGHEE NAM1,* 

 
Pusan National University, Korea 

1Department of Chemical Education, Pusan National University, Korea 

  

Mentoring is suggested as a very useful educational way to improve teaching methods and develop the 

professionalism of beginning science teachers. The precedent study explained ‘reflective thinking’ 

indispensible for positive changes in mentee teachers’ classes is not necessarily connected to ‘reflective 

practices.’ The ultimate goal of mentoring is to make positive changes in mentees’ teaching(classes) which 

can be verified by mentees’ reflective practices and therefore it is very important to determine a relation  

between ‘reflective thinking’ and ‘reflective practices.’ Therefore, this study identified a link between 

mentees’ reflective thinking and reflective practices in the cooperative mentoring program for professional 

development of beginning science teachers. The study investigated five mentor-mentee pairs participated 

in the cooperative mentoring program from March to December in 2017. The data collected for the study 

were recorded videos of mentees’ teaching(classes), RTOP, transcripts of recorded mentoring conversation, 

written interviews of mentees, transcripts of mentees’ face-to-face interviews, mentees’ journals and 

mentors’ journals. The analysis methods of the data were to categorize and extract the types of mentors’ 

support in the transcripts of recorded mentoring conversation and to identify whether mentors’ supportive 

feedback is applied to mentees’ practices in teaching from recorded videos of mentees’ teaching(classes). 

The relations between reflective thinking and reflective practices were analyzed through the written and 

face-to face interviews with mentees based on the mentors’ support extracted from the collected data and 

mentees’ practices of mentors’ supportive feedback identified in the recorded videos of mentees’ 

teaching(classes). An expert in science education, a science teacher who have a doctorate in science 

education, two doctoral students and a student in the master’s course were participated in the analysis and 

mentors’ and mentees’ journals were analyzed to increase validity of the analysis 
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The process of chemistry teacher education based on teacher 

assessment literacy in practice (TALiP) and the change of teacher 
assessment identity (TAI) 

 

Hee Jin Noh, Seounghey Paik1,* 

 
Department of Science Education, SunIn High School, Korea 

1Department of Chemical Education, Korea National University of Education, Korea 

  

The Ministry of Education in KOREA is attempting to change the assessment of the classroom from a 

result-oriented assessment to a process-oriented assessment. As a result, the Ministry of Education has 

proposed the extension of performance assessment as a practical solution of process-oriented assessment 

in the classroom. In response to the paradigm shift in these assessments, the study began to help chemical 

teachers practice the performance assessment as an ‘assessment for learning (AfL)’.This study introduces 

two new concepts of teacher assessment literacy in practice (TALiP) and teacher assessment identity (TAI) 

in education for chemistry teachers. First, TALiP was used as a theoretical framework that included the 

assessment knowledge system, the assessment concept, and the assessment decision-making and action-

taking that can evaluate the teacher 's assessment practice. Second, TAI is a concept of how a teacher defines 

the role as assessor. This study attempts to show how TAI is affected by this TALiP-based teacher 

education.This study is aimed at 18 secondary school teachers who are attempting 'performance assessment 

for learning in chemistry class'. Teacher education was conducted to help them assess their performance on 

‘acid and base learning’. Various data obtained from this process were collected and analyzed. Based on 

the collected data, we analyzed TALiP-based education and TAI of chemistry teachers. In this way, it is 

possible to explain how this TALiP-based teacher education affects the practice of performance assessment, 

and it can provide implications for how efforts should be made to help secondary school chemistry teachers 

to practice performance assessment. 
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APPLICTION OF 2015’ INQUIRY-BASED SCIENCE ASSESSMENT 

QUESTIONS (CHEMISTRY DOMAIN) FOR KOREAN 
ELEMENTARY STUDENTS 

 

Young Tae Kong 

 
General Science Education, Chinju National University of Education, Korea 

  

AbstractThis study is to investigate the Korean student’s response on inquiry-based assessment questions 

in science assessment and analyze students’ responses in purpose of evaluating scientific inquiry abilities  

of fifth and sixth grade students in Korea. In this study, we mainly report the result about Chemistry content 

domain among assessment questions. The results were as follows. First, scientific inquiry abilities of sixth  

graders in Korea elementary school are lower than that of their general school’s assessment. Second, 

students’ preconception and misconceptions in Chemistry content domain were obtained through the 

development and application of inquiry-based assessment questions, and teaching approaches for 

increasing students’ inquiry skills were also obtained. Key words: Inquiry based assessment, Elementary 

student, Inquiry ability, Korea, Matter domainAcknowledgments: This work was supported by National 

Research Foundation of Korea Grant funded by the Korean Government (NRF-2016R1D1A1B02008712). 
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Electrocatalytic Hydrogen Production on Molecular-like Metal 

Nanoclusters 
 

woojun choi, Kyuju Kwak, Dongil Lee* 

 
Department of Chemistry, Yonsei University, Korea 

  

Considering hydrogen as a clean and renewable energy source, electrocatalytic hydrogen evolution reaction 

(HER) is one of the great challenging fields to replace the fossil fuel. Thus, the identification of an efficient  

electrocatalysts include thermoneutral binding step with H+ (∆GH = ~0 eV) is the main key for sustainable 

energy supplement. Ligand protected Au nanoclusters and bimetallic nanoclusters exhibit distinctive 

electrochemical properties and unique HER activities. In this presentation, we report electronic structures 

and catalytic properties of Au25(SR)18 and Au38(SR)24 nanoclusters (SR = thiolate). Foreign metal doping 

on Au nanoclusters resulted bimetallic MAu24(SR)18 and M2Au36(SR)24 (M = Pt and Pd) and their modified 

catalytic activities were demonstrated by linear sweep voltammetry and controlled potential electrolysis. 

HER turnover frequency (TOF) of Au25 (8.8 s-1 at -0.6 V vs RHE) increased by doping of Pd (13.0 s-1) and 

further enhanced by doping of Pt (33.4 s-1). Calculated ∆GH by density functional theory supported the 

enhanced HER activities of Pd and Pt doped nanoclusters. Altered ∆GH by doping also influenced on TOFs 

of M2Au36 as a same manner of MAu24 nanoclusters. Furthermore, PtAu24 catalyze hydrogen production 

from very low onset potential (-0.07 V vs. RHE) due to matched reduction potential with H+ whereas Au25 

have mismatched reduction potential and higher onset potential (-0.20 V). The outstanding HER activity of 

PtAu24 was clearly manifested when comparing with the commercial Pt/C catalyst. 
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Highly enhanced and stable activity of defect-induced titania 
nanoparticles for solar light-driven CO2 reduction into CH4 

 

Saurav Sorcar, SU IL IN1,* 

 
Energy Science and Engineering, Daegu Gyeongbuk Institute of Science & Technology, Korea 

1Department of Energy Science and Engineering, Daegu Gyeongbuk Institute of Science & Technology, 

Korea 

  

Photocatalytic reduction of CO2 to fuel offers an exciting opportunity for helping to solve current energy 

and global warming problems. Although a number of solar active catalysts have been reported,most of them 

suffer from low product yield, instability, and low quantum efficiency. Therefore, the design and fabrication 

of highly active photocatalysts remains an unmet challenge. In the current work we utilize hydrogen-doped, 

blue-colored reduced titania for photocatalytic conversion of CO2 into methane (CH4). The photocatalyst 

is obtained by exposure of TiO2 to NaBH4 at 350 C for 0.5 h. Sensitized with Pt nanoparticles, the material 

promotes solar spectrum photoconversion of CO2 to CH4 with an apparent quantum yield of 12.40% and a 

time normalized CH4 generation rate of 80.35 micromol g-1 h-1, which to the best of our knowledge is a 

record for photocatalytic-based CO2 reduction. The material appears intrinsically stable, with no loss in 

sample performance over five 6 h cycles, with the sample heated in vacuum after each cycle. 
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Impact of Material–Solvent Interaction in Ternary Blends using Non 

Halogenated Solvents: High Efficiency & the Solution Processed 
Organic Cubic Crystal 

 

Tanya Kumari 
 

School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology, Korea 

  

In this study, the solubility properties of a given ternary blend set is determined, in which two donors 

(PTB7-Th and DR3TSBDT) and one acceptor (PC71BM) are used, in a series of solvents, and used active 

material–solvent interactions as an aid for finding suitable non-chlorinated solvents to achieve effective 

ternary OSCs. Considering upon the fact that the variation in physical properties of a polymer applied from 

different solutions may surpass the variation in the physical properties between two totally different 

characteristic materials; three different solvents toluene, o-xylene and mesitylene have been selected to use 

as processing solvents for PTB7-Th:DR3TSBDT:PC71BM based ternary OSCs. All the three solvents 

having different solubility tendency for each of the material thereby, affected the conformation of the PTB7-

Th:DR3TSBDT:PC71BM in solution and eventually resulted in an effect on the power conversion 

efficiencies (PCEs) and packing arrangement of the dry film. Hence, ternary solar cells in toluene, o-xylene 

and mesitylene mixed with NMP as an additive showed PCEs of 11.8%, 12.3% (certified PCE of 11.94%), 

and 4.57% respectively. Very interestingly, based on the PTB7-Th/PC71BM–solvent interaction resulted in 

the formation of 5-15 µm cubic crystal which for the very first time showed the strong need for investigating 

the importance of material-solvent interaction. This finding may create a new possibility of increased 

polymer-chain-mobility within thick nanocomposite thin-films, due to a combination of the increased 

connectivity and anisotropic lattice structure. Therefore, such features can make a good candidate for 

applications in p-n crystal junction-based optoelectronics and ambipolar organic transistor. 
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A Suggestion of New Liquid Organic Hydrogen Carrier, Eutectic 

Mixture of Biphenyl and Diphenylmethane and Its Catalytic 
Hydrogenation 

 

Won Jong Lee, Hyangsoo Jeong, Chang Won Yoon* 

 
Fuel Cell Research Center, Korea Institute of Science and Technology, Korea 

  

Clean and sustainable energy sources alternative to the current fossil fuels have attracted increasing 

attention to address the global warming issues likely caused by greenhouse gases. Hydrogen has been 

recognized as a clean energy carrier. The efficiency of hydrogen economy can be maximized in conjunction 

with fuel cell technologies. In order to achieve hydrogen economy, however, a safe and efficient hydrogen 

storage method is required. In this context, different hydrogen storage methods such as compression, 

liquefaction, and material based storage technologies have been proposed. Among those methods, liquid 

organic hydrogen carriers (LOHCs), particularly having aromatic/heteroaromatic structures, have 

intensively studied owing to their high volumetric hydrogen storage densities as well as safe, easy, and 

economical storage and delivery. We present here a eutectic mixture of biphenyl and diphenylmethane as 

a promising candidate material for hydrogen storage. The eutectic mixture proved its capability to store 

mass quantities of hydrogen as a chemical form in the presence of a Ru catalyst. Furthermore, the chemical 

and physical properties of the as-developed LOHC will be discussed. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ENVR.O-5 

Area: Oral Presentation for Young Scientist in Environmental and Energy Chemistry 

Type: Oral Presentation, Time: THU 10:30, Chair: Dongwook Kim 

 

 
Nanoscale Strategies for Sunlight Harvesting: A Step Closer to 
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Photocatalytic solar water splitting is an innovative way to generate hydrogen as a clean, affordable, and 

sustainable energy source and thus meet the growing global energy demand and alleviate the environmental 

problems caused by burning fossil fuels. Currently, noble metal-based (Pt, Pd, Ir, Ru, and Au) compounds 

are the benchmark co-catalysts for efficient photocatalytic hydrogen production through water splitting. 

However, their unacceptable price and low availability extensively restrict their widespread applications. 

In view of this we have developed several non-precious noble metal free nanostructures such as transition 

metal chalcogenides (TMCs) and metal phosphides are synthesized and verified the photocatalytic activity. 
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supercapacitor 
 

JIYOUNG LEE, Woo Kyung Cho1, Bongsoo Kim*, Hana Yoon2,* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

1Department of Chemistry, Chungnam National University, Korea 
2Separation and Conversion Materials Research, Korea Institute of Energy Research, Korea 

  

Interconnected porous carbon nanosheets (IPCNs) have recently received great attention as the electrode 

materials of electrochemical capacitors, as adsorbents, and as catalytic supports because of their high 

surface area, efficient ion transport, and three-dimensional (3D) structure. Herein, IPCNs with controllable 

pore-size distributions, ranging from micro- to mesoporous, are synthesized by pyrolysis of alkali metal 

citrates. Microporous, mesoporous, and hierarchical micro/mesoporous IPCNs are produced. Particularly , 

the hierarchical micro/mesoporous IPCNs derived from the mixture of potassium and sodium citrates in a 

weight ratio of 8:2 show high specific capacitance (∼200 F/g at 5 mV/s), excellent rate capability and 

cyclability. Furthermore, the mechanism of IPCN formation is studied. The alkali metal carbonate formed  

during heat treatment of alkali metal citrate is expected to act as both activation agents and templates for 

carbon nanosheets. 
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A chemical biology route to site-specific authentic protein 

modifications 
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Many essential biological processes are controlled by posttranslational proteinmodifications. The inability  

to synthetically attain the diversity enabled by thesemodifications limits functional studies of many 

proteins.We designed a three-stepapproach for installing authentic posttranslational modifications in 

recombinant proteins. We first use the established O-phosphoserine (Sep) orthogonal translation system to 

create a Sep-containing recombinant protein. The Sep residue is then dephosphorylated to dehydroalanine 

(Dha). Last, conjugate addition of alkyl iodides to Dha, promoted by zinc and copper, enables 

chemoselective carbon-carbon bond formation. To validate our approach, we produced histone H3, 

ubiquitin, and green fluorescent protein variants with site-specific modifications, including different  

methylations of H3K79. The methylated histones stimulate transcription through histone acetylation. This 

approach offers a powerful tool to engineer diverse designer proteins. 
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Direct arylation of C–H bonds is in principle a powerful way of preparing value-added molecules that 

contain carbon−aryl fragments. Unfortunately, currently available synthetic methods are not sufficiently  

effective to be practical alternatives to conventional cross-coupling reactions. We propose that the main 

problem lies in the late portion of the catalytic cycle where reductive elimination gives the desired C–C 

bond. Based on this hypothesis, a new strategy is implemented where the Ir(III) center of the key 

intermediate is oxidized to Ir(IV). Density functional theory calculations indicate that the reductive 

elimination barrier is reduced by nearly 19 kcal/mol when the metal is oxidized. Various experiments , 

including cyclic voltammetry and EPR analysis, confirm this prediction affording a new methodology 

capable of efficiently and directly arylating C–H bonds at room temperature with a broad substrate scope 

and in good yields. This work highlights how the oxidation states of intermediates can be targeted 

deliberately to rationally catalyze an otherwise impossible reaction. 
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Bicyclic Baird-type aromaticity 
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최근 확장 포피린 분자체를 이용하여 이론적으로만 제기 되어왔던 삼중항 들뜬 상태(triplet  

excited state)에서의 방향성 역전 현상(aromaticity reversal)이 밝혀졌다. 현재까지의 연구는  

유기분자가 삼중항 들뜬 상태로 머물 수 있는 찰나의 순간에 일어나는 빛의 재흡수 과정을  

정량·정성 분석하여, 40 여 년 간 이론으로만 제기되어 왔던 베어드 방향성(Baird  

aromaticity)을 분광학적 실험으로 증명한 세계 최초의 연구로서 유기·물리화학 분야에서 큰 

주목을 받았다. 최근의 연구 성과들을 바탕으로, 삼중항 들뜬 상태가 아닌 삼중항 바닥 상태 

(triplet ground state)에서도 방향성 역전 현상을 연구할 수 있는 유기분자를 고안하였고, 분자 

다리가 삽입 된 확장 포피린 분자를 합성하는데 성공하였다. 외부 자기장(external magnetic 

field)의 영향 하에서 하나의 유기분자 내 독립적인 두 개의 방향성 고리전류가 동시에  

형성되는 것(dual aromaticity)을 양성자 핵자기 공명법(proton nuclear magnetic resonance)과 

엑스레이 회절분석법(X-ray diffraction spectroscopy)을 이용하여 밝혀내었다. 이 현상은 분자의  

방향성 연구 분야에서 최초로 실현되었다는 점에서 큰 의의를 가진다. 확장 포피린의  

독특한 물리적, 화학적 성질과 광학 현상은 파이 공액구조 및 이에 수반 되는 방향성과의  

밀접한 상관관계를 보이고 있으며, 이는 확장 포피린 분자 구조의 변화를 도모하는 다양한  

시도로 이어 지고 있다. 본 연구에서는 피롤과 싸이오펜 단위체로 이루어진 옥타피린  

분자의 두 메조 위치를 연결하는 적절한 크기의 방향성 분자 다리인  

다이싸이에노싸이오펜(dithienothiophene; DTT)을 이용하여, 분자의 평면성을 유지하는 것과 

동시에 두 종류의 방향성이 한 분자 내에서 독립적으로 존재할 수 있음을 양성자 자기 

공명법으로 확인하였다. 즉, 분자다리의 두 양성자는 쉴딩(shielding)과 디쉴딩 (deshielding) 

효과를 동시에 경험하고 있다는 것을 확인한 것이다. 이중 방향성 고리분자에서 2 개의 

최외각 전자를 (전기)화학적 방법으로 제거하면 삼중항 바닥 상태의 안정한 이가 라디칼이  



형성된다는 것을 전기화학적 적정, 전자 스핀 공명법 (electron spin resonance; ESR), 그리고  

다양한 양자계산을 통하여 밝혀냈다. 두 개의 전자가 제거되어 [4n]개의 파이전자를 갖는 

화학종이 되었을 때에도 방향성을 가지며 구조적·에너지적으로 안정된 상태를 유지한다는  

것을 밝혔다. 삼중항 바닥상태 베어드 방향성을 갖는 이중고리 방향성 분자체의 합성은  

방향성 뒤집힘에 대한 학문적 호기심을 넘어서 흥미로운 물리·화학적 물성을 갖는 포피린  

계열 분자체의 합성의 초석이 될 것이라 기대한다. 
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Deuterium plays a pivotal role in industrial and scientific research, and is irreplaceable for various 

applications such as isotope tracing, neutron moderation, and neutron scattering. In addition, deuterium is 

a key energy source for fusion reactions. Thus, the isolation of deuterium from physico-chemically almost 

identical isotopic mixture is a seminal challenge in modern separation technology. However, current 

commercial approaches suffer from extremely low separation efficiency (i.e. cryogenic distillation, 

selectivity of 1.5 at 24 K), requiring a cost-effective and large-scale separation technique. In this 

presentation, we present a highly effective hydrogen isotope separation system based on metal-organic 

frameworks (MOFs) having the highest reported separation factor as high as ~26 at 77 K by maximizing  

synergistic effects of the chemical affinity quantum sieving (CAQS) and kinetic quantum sieving (KQS). 

For this purpose, MOF-74 system having high hydrogen adsorption enthalpies due to strong open metal 

sites is chosen for CAQS functionality and imidazole molecules (IM) are employed to the system for 

enhancing the KQS effect. To the best of our knowledge, this work is not only the first attempt to implement  

two quantum sieving effects, KQS and CAQS, in one system but also provides experimental validation of 

the utility of this system for practical industrial usage by isolating high-purity D2 through direct selective 

separation studies using 1:1 D2/H2 mixtures. 
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Notwithstanding the notable progress in the synthesis of N-heterocyclic carbene-stabilized radicals, aminyl 

radicals, supported by NHCs or otherwise, have been scarcely studied due to synthetic challenges. Triazenyl 

radical is a particular form of aminyl radical that contains three adjacent nitrogen atoms, and offers 

intriguing possibilities for unique reactivity and physical properties stemming from expected delocalization  

of the spin density over the NNN moiety and its conjugated substituents. Here, we report the synthesis and 

full characterization of the first NHC-stabilized triazenyl radicals, obtained by one-electron reduction of 

the corresponding triazenyl cations with potassium metal. These radicals reversibly oxidize back to the 

cations upon treatment with transition metal sources or electrophiles, and abstract H atom from xanthene 

to form a new N—H bond at the center nitrogen atom. Potential application of the redox couple between 

triazenyl cation and triazenyl radical was demonstrated as cathode active materials in lithium ion batteries. 
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Amyloid fibrillation of α-Synuclein (αSyn) has been linked with several synucleinopathies such as 

Parkinson’s disease (PD), dementia with Lewy body (DLB), and multiple system atrophy (MSA). During  

the fibrillation, αSyn self-assemble to beta-sheet rich amyloid fibrils with diverse morphologic variations. 

Since the morphology of αSyn fibrils determines their cell-transmission and cytotoxicity, understanding 

the mechanism of morphologic variations in αSyn fibrils is crucial. In the present study, I and my coworkers 

suggested that Cu(II) induces non-canonical self-assembly of αSyn, thereby promoting the formation of 

beta-sheet rich, short αSyn fibrils. Cu(II) is abundant in substantia nigra of human brain, where the 

dopaminergic neurons are damaged in patients with PD. In addition, Cu(II)-induced short fibrils were 

highly transmissible to cell interior, causing cytotoxicity through the cell malfunctions in protein 

degradation. Using small-angle X-ray scattering (SAXS) and ion mobility-mass spectrometry (IM-MS), the 

molecular conformation of αSyn monomer-Cu(II) complex was investigated. αSyn monomer-Cu(II) 

formed the macrochelated complex that promotes the nucleation process of αSyn, but retards the elongation 

of αSyn fibrils. Our result indicates that the formation mechanism of pathological αSyn fibrils is involved 

in non-canonical self-assembly through Cu(II). 
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Graphene, one of the allotropes of carbon, has widely received much attention because it has outstanding 

properties such as optical, electrical, and mechanical properties. For applying various applications, 

graphene should be transferred to the target substrate, the significant defects (e.g., cracks and wrinkles), 

however, have been inevitably generated at this stage. It significantly limited to the various potential 

applications. In this presentation, a novel method is described for the direct growth of patterned graphene 

on dielectric substrates by chemical vapor deposition (CVD) in the presence of Cu vapor and using a solid 

carbon source, 1,2,3,4-tetraphenylnapthalene (TPN), as the precursor. The UV/Ozone treatment of the TPN 

film both crosslinks TPN and results in a strong interaction between the substrate and the TPN that prevents 

complete sublimation of the carbon source from the substrate during CVD. Substrate-adhered crosslinked 

TPN is successfully converted to graphene on the substrate without any organic contamination. The 

graphene synthesized by this method shows excellent mechanical and chemical stability. This process also 

enables the simultaneous patterning of graphene materials, which can thus be used as transparent electrodes 

for electronic devices. The proposed method for the synthesis directly on substrates of patterned graphene 

is expected to have wide applications in organic and soft hybrid electronics. 
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For studies of organic and molecular electronics, eliminating structural defects in molecular components 

inside devices is usually needed for improving their performance. This presentation shows that this bother 

can be turned into a strength for modulating the performance of devices. A monolayer of an organic rectifier, 

2,2′-bipyridine-terminated n-undecanethiolate, is systematically diluted with electronically inactive 

diluents, n-alkanethiolates of different lengths. Such a dilution leads to remarkable gradients of rectification  

in a range of approximately two orders of magnitude, retaining its polarity. Trends of rectification against 

the length of the diluent indicate the gradient of rectification is extremely sensitive to the molecular 

structure of the diluent. Further studies reveal that noncovalent intermolecular interactions within  

monolayers result in finely tunable gradients of structural defect and rectification. 
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An unprecedented active and dynamic sensing platform based on a LSPR configuration that is modulated 

by using an external magnetic field is reported. Electrochemically synthesized Au/Fe/Au nanorods 

exhibited plasmonically active behavior through plasmonic coupling, and the middle ferromagnetic Fe 

block responded to a magnetic impetus, allowing the nanorods to be modulated. The shear force variation 

induced by the specific binding events between antigens and antibodies on the nanorod surface is used to 

enhance the sensitivity of detection of antigens in the plasmonics-based sensor application. As a proof-of-

concept, influenza A virus (HA1) was used as a target protein. The limit of detection was enhanced by two 

orders of magnitude compared to that of traditional LSPR sensing. 
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Charge carriers typically move faster in crystalline regions than in amorphous regions in conjugated 

polymers because polymer chains adopt a regular arrangement resulting in a high degree of π−π stacking 

in crystalline regions. In contrast, the random polymer chain orientation in amorphous regions hinders 

connectivity between conjugatedbackbones; thus, it hinders charge carrier delocalization. Various studies 

have attempted to enhance charge carrier transport by increasing crystallinity. However, these approaches 

are inevitably limited by the semicrystalline nature of conjugated polymers. Moreover, high-crystallinity  

conjugated polymers have proven inadequate for soft electronics applications because of their poor 

mechanical resilience. Increasing the polymer chain connectivity by forming localized aggregates via π-

orbital overlap among several conjugated backbones in amorphous regions provides a more effective 

approach to efficient charge carrier transport. A simple strategy relying on the density of random copolymer 

alkyl side chains was developed to generate these localized aggregates. In this strategy, steric hindrance 

caused by these side chains was modulated to change their density. Interestingly, a random polymer 

exhibiting low alkyl side chain density and crystallinity displayed greatly enhanced field-effect mobility  

(1.37 cm2/(v·s)) compared with highly crystalline poly(3-hexylthiophene). 
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Block copolymers with various nanodomains, such as spheres, cylinders, and lamellae, have received 

attention for their applicability to nanolithography. However, those microdomains are determined by the 

volume fraction of one block. Meanwhile, nanopatterns with multiple shapes are required for the next-

generation nanolithography. Although various methods have been reported to achieve dual nanopatterns, 

all the methods need sophisticated processes using E-beam. Here, we synthesized a miktoarm block 

copolymer capable of cleavage of one block by ultraviolet. Original cylindrical nanodomains of synthesized 

block copolymer were successfully transformed to lamellar nanodomains due to the change of molecular 

architecture by ultraviolet. We fabricated dual nanopatterns consisting of dots and lines at desired regions 

on a single substrate. We also prepared dual nanopatterns utilizing another phase transformation from 

spheres to cylinders in a block copolymer with higher interaction parameter. Since our concept has 

versatility to any block copolymer, it could be employed as next-generation nanolithography. 
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The hydrogen evolution reaction (HER) is a crucial step in electrochemical water splittingand demands an 

efficient, durable and cheap catalyst if it is to succeed in real applications.For an energy-efficient HER, a 

catalyst must be able to trigger proton reduction withminimal overpotential and have fast kinetics. The most 

efficient catalysts in acidic mediaare platinum-based, as the strength of the Pt–H bond is associated with 

the fastest reactionrate for the HER. The use of platinum, however, raises issues linked to cost and stability 

innon-acidic media. Recently, non-precious-metal-based catalysts have been reported, butthese are 

susceptible to acid corrosion and are typically much inferior to Pt-basedcatalysts, exhibiting higher 

overpotentials and lower stability. As a cheaper alternative toplatinum, ruthenium possesses a similar bond 

strength with hydrogen (∼65 kcal mol–1), buthas never been studied as a viable alternative for a HER 

catalyst. Here, we report aRu-based catalyst for the HER that can operate both in acidic and alkaline media. 

Ourcatalyst is made of Ru nanoparticles dispersed within a nitrogenated holey two-dimensionalcarbon  

structure (Ru@C2N). The Ru@C2N electrocatalyst exhibits high turnover frequenciesat 25 mV (0.67 H2 

s−1 in 0.5 M H2SO4 solution; 0.75 H2 s−1 in 1.0 M KOH solution) andsmall overpotentials at 10 mA cm–2 

(13.5 mV in 0.5 M H2SO4 solution; 17.0 mV in 1.0 MKOH solution) as well as superior stability in both 

acidic and alkaline media. Theseperformances are comparable to, or even better than, the Pt/C catalyst for 

the HER. 
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Acetylene-Terminated, Nonbiofouling Copolymeric Films Grown by 

Surface-Initiated ARGET ATRP 
 

Bong Soo Lee 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Surface-Initiated Activators ReGenerated by Electron Transfer Atom Transfer Radical Polymerization (SI-

ARGET ATRP) of acetylene-terminated hydroxyethyl methacrylate (AHEMA) and oligo(ethylene glycol) 

methacrylate (OEGMA) has been successfully performed in aqueous media at room temperature and 

subsequent coupling of a biotin ligand containing azide via click chemistry on the poly(AHEMA-co-

OEGMA) films. The poly(AHEMA-co-OEGMA) films and biotinylated, poly(AHEMA-co-OEGMA) 

films are characterized by FT-IR, ellipsometry, XPS, and contact angle goniometry. 
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The precise control of biofouling, which is the unwanted adsorption of biomolecules and micro/macro  

organisms on solid surfaces, is a prerequisite for wider applicability of the functional materials that are 

currently being used in biomedical and marine industries. One of the frequently used methods for 

controlling biofouling is the use of surface coatings with antifouling materials. For example, poly(ethylene 

glycol), polysaccharides, and zwitterionic polymers can suppress biofouling, and protein- and cell-resistant 

surfaces have successfully been prepared using these materials. However, these previously developed 

materials can be degraded in long-term applications, and the steps required for preparing the materials are 

complicated. Consequently, the need to develop new antifouling materials has been continuous. Herein, we 

report fucoidan, which is a marine-derived, environmentally friendly polysaccharide, as a new type of 

antifouling material that is safe and broadly applicable. Fucoidan was conjugated with catechols, which are 

known to act as adhesives for grafting functional molecules onto solid substrates. The resultant material, 

fucoidan catechol, was subsequently utilized for robust fucoidan coatings of solid substrates, and the 

fucoidan catechol-coated surfaces showed excellent antifouling capability for different fouling organisms, 

including platelets, bacteria, and marine diatoms. The fucoidan catechol coating was also confirmed to be 

biocompatible upon skin contact, demonstrating its potential use in public places for inhibiting contagions. 
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New Acceptor for Organic Photovoltaic Devices 
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Organic solar cells (OSCs) have been attracted considerable attention due to their potential properties such 

as lightweight, flexibility and large area fabrication. Many researchers have been successfully developed 

polymer donor materials with high power conversion efficiencies (PCEs) such as PTB7 and so on. On the 

other hand, small molecule donors have potential to be good candidates to replace the polymer donor 

materials due to their easier energy level tunning, no batch-to-batch variations, and so on. In this work, we 

designed and synthesized new acceptor-donor-acceptor (A-D-A) type small molecule donors by using 

indacenodithieno[3,2-b]thiophene (IDTT) as donor unit and new electron accepting group containing 

malononitrile moiety. We fabricated the devices with small molecule donors and PC71BM as acceptor to 

investigated the photovoltaic properties. 
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Visible Light Photocatalysis to Tailor the Structure of Reactive 

Polymers 
 

Dongwan Son, Myungwoong Kim* 

 
Department of Chemistry, Inha University, Korea 

  

Thiol-ene click reaction is one of useful reactions due to its high efficiency and rapidity to achieve 

quantitative yield with no side reaction. The reaction can be initiated by light, heat or radical. There are a 

variety of dyes such as Iridium or Ruthenium based dyes and organic dyes such as Rhodamines and Eosin 

Y which can be utilized to proceed the catalysis. Among them, metal-free photocatalysts have attracted 

attentions for environmentally friendly “green” chemistry. More importantly, this type of catalysis can be 

further useful to introduce desired chemical functionalities into functional polymers. Herein, we 

demonstrate the use of visible light photocatalysts to modify reactive copolymers having alkene groups 

with thiol containing molecules through thiol-ene click reaction. We show that the chemical routes are 

highly efficient under visible light illumination (from green to blue light), highlighting its ability to facilitate 

achieving target structure in polymeric materials. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: POLY.P-5 

Area: Polymer Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Synthesis of Five-Membered Cyclic Dithiocarbonate Random 

Copolymer and Application for Thin-film 
 

Youngjoo Song, Myungwoong Kim* 
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In modern society, thin film is used in application technology field like thin film transistor, semiconductor 

and magnetic thin film storage. One of important technology of thin film is variety types of polymers 

constituting thin films. Herein, we demonstrate facile and efficient chemistry to define reactive groups on 

polymer chains. We have designed and successfully made five-membered cyclic dithiocarbonate monomer 

and synthesized random copolymer. Resulting polymers can be utilized not only to easily functionalized a 

variety of molecules, but also to yield a versatility to achieve complex polymeric structures. The polymer 

and crosslinker were then spin coated onto the SiO2 wafer. Current studies further highlight the importance 

of patterning the materials structure. We analyzed it using gel permission chromatography, nuclear 

magnetic resonance, ellipsometer. 
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Nanoparticle Based on Biocompatible and Biodegradable L-tyrosine 

Polyurethane for Gene Carrier 
 

Soo Yong Park, Ildoo Chung* 
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Gene therapy is a good alternative to drugs in chemotherapy due to drug resistance and toxicity and known 

to lower the probability of mutation of cells through gene carrier. So we aimed to manufacture a gene carrier 

with minimal toxicity and high efficiency. Biodegradable and biocompatible polymer LTU (L-tyrosine 

polyurethane) was synthesized using desaminotyrosyl tyrosine hexyl ester (DTH), polyethylene glycol 

(PEG) and the LTU (L-tyrosine polyurethane) nanoparticles were manufactured through double emulsion  

method. In order to study cell adsorption and transfection of nanoparticles, two types of nanoparticles were 

prepared. One nanoparticles was fluoresced using fluorescently labeled bovine serum albumin (FITC-BSA) 

to investigate cell adsorption, and the other nanoparticles encapsulated the DNA-linear polyethylenimine 

(LPEI) complex to investigate the transfection efficiency in LX2 (human hepatic stellate cell), HepG2 

(human liver cancer cell). The morphology of these nanoparticles were confirmed by microscopy and TEM, 

which is a spherical form with an average size of about 260nm and 80nm. The LTU nanoparticles showed 

the typical features of double emulsion. After 14 days, 15 ng of DNA per mg of nanoparticles have been 

released from the LTU nanoparticles. Furthermore, a successful uptake of LTU nanoparticles by the hepatic 

cells has been confirmed with stability state. These characteristics are ideal for gene therapy designed to 

transport and release a drug into the cytoplasm. 
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Facile Synthesis of Hydroxystyrene Based Block Copolymers via 

Reversible Addition-Fragmentation Chain-Transfer Polymerization 
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Poly(hydroxystyrene) (PHS) has been extensively used in a variety of applications including 

photolithography and block copolymer lithography. Specifically, poly(hydroxystyrene) based block 

copolymer has been considered as a promising platform due to its highly polar nature and the reactivity of 

phenol groups along the chain. Herein, reversible addition-fragmentation chain-transfer polymerization of 

an acetal protected monomer, (4-(2-tetrahydropyranyloxy)styrene) (OTHPSt), and chain extension of the 

poly(OTHPSt) with various monomers are demonstrated. We found that RAFT polymerization of OTHPSt  

was efficient enough to control molecular weight with narrow dispersity. Furthermore, chain extension with  

other monomers was possible, leading to well-defined block copolymers. The copolymer was subjected to 

deprotection under mild acidic condition, highlighting its possibilities for facile synthetic routes toward a 

variety of hydroxystyrene-based block copolymers. 
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Copolymerization Kinetics of Methacrylate Monomers with 

Functionalizable Group through Cu(0)-Mediated Single-Electron 
Transfer Controlled Radical Polymerization 
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Single-electron transfer controlled radical polymerization (SET-CRP) is one of promising synthetic method 

for functional polymers with controlled molecular weight, dispersity, and end-group functionalities. It is 

known that typically, kinetics of controlled radical polymerization (CRP) follows first-order reaction. 

Although the mechanism of SET-LRP seems similar to that of typical CRP, it needs further studies in aspect 

of kinetics as the fundamental of polymerization mechanism has still distinctions. For example, 

disproportionation mechanism can distinctively exist in SET-CRP to regenerate Cu(0) for catalyst precursor. 

Also, copolymerization via SET-CRP is not thoroughly studied yet, which is extremely important for its 

expansion to a number of applications. Herein, We demonstrate the kinetic studies of copolymerization of 

pairs of unfunctionalizable methacrylate and various functionalizable methacrylates. We found that SET-

LRP also follows first-order kinetics by examining the monomer conversion as a function of reaction time. 

These fundamental results elucidate how the copolymerization via SET-LRP differs from other 

polymerization methods in terms of the tendency for composition drifts of resulting copolymers. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: POLY.P-9 

Area: Polymer Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
A Facile Fabrication of Functionalizable Polymeric Materials with 

Complex Structures via Electrospinning/spray technique 
 

Sol An, Hoik Lee1, Sukjoo Kim1, Bokyoung Jeon, Ick-Soo Kim1,*, Myungwoong Kim* 
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Tailoring of physical and chemical properties of material surfaces is important in the fabrication of 

polymeric materials with complex structure and desired functionalities. One of the efficient routes for 

surface modification is the incorporation of highly reactive functional groups into polymeric materials, e.g. 

epoxide in poly(glycidyl methacrylate) (PGMA). However, it often suffers from the damage of the reactive 

epoxide groups during the process to attain target structures. One simple and efficient way to address this 

challenge and to successfully achieve complex polymeric structures having reactive groups is 

electrospinning/spraying technique, which allows to achieve a variety of shapes ranging from colloidal 

particles to nanofibers with controlled size and morphology to serve the purpose of applications. Using 

these methods, we have fabricated reactive microparticles and nanofiber mats with poly(styrene-random-

glycidyl methacrylate) copolymers. The resulting structures were further functionalized with reactive 

epoxide groups and different nucleophiles such as alcohol, amine, and thiol. With this strategy, we show 

the fabrication of Janus fiber mats which has different chemical functionalities on each side and stabilizable 

microparticles with controlled surface morphologies. These results highlight the possibility of imparting a 

variety of desired chemical functionalities into the structures of stable organic materials via post-

electrospray modification processes. 
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Synthesis of Biodegradable Nanoparticles Based on 

Polyfumarateurethane for Sustained Release of Bupivacaine 
 

Soo Yong Park, Ildoo Chung* 

 
Department of Polymer Engineering, Pusan National University, Korea 

  

Biodegradable polyfumarateurethane (PFU) for delivery vehicle using di-(2-hydroxypropyl fumarate) 

(DHPF), PEG (polyethylene glycol) and HMDI (1,6-hexamethylene diisocyanate) was designed to be 

degraded through hydrolysis and enzymatic degradation mechanisms due to its ester bond along the 

polymer backbone. mPEG-PLA block copolymer was also synthesized by anionic ring opening 

polymerization of L-lactide onto mPEG (methoxy polyethylene glycol) to use for letting the interfacial 

layer stable. Using water-in-oil-in-water double emulsion technique, nanoparticles encapsulating water or 

fluorescein isothiocyanate were fabricated. The nanoparticles have PEG on their surfaces which helps 

nanoparticles to avoid the immune system. The morphology of these nanoparticles was characterized by 

DLS, TEM, FE-SEM and fluorescent microscopy. Encapsulation efficiency and in vitro drug release 

efficiency were also confirmed by UV/Vis spectroscopy. 
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Improving Bulk Electron Transport of Low-Crystalline n-Type 

Conducting Polymer with Localized Aggregates via Kinetically Fast 
and Robust Interactions 
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Naphthalene diimide (NDI)-based polymers are widely used in organic electronic devices as a n-type 

material. Most NDI-based polymers have large crystal domains through NDI-driven self-assembling  

process, which limits an efficient electron transportation in amorphous region. Increasing interconnectivity 

by forming localized aggregates can provide effective approach to improve electron mobility in amorphous 

region and lower the activation energy in charge transportation. To realize this logic, we synthesized the 

copolymer of NDI and fluorinated dithienylethene (FTVT) unit (PNDI-FTVT). FTVT unit formed localized  

aggregates via kinetically fast and robust intermolecular interactions. These aggregates hinder self-

assembling process driven by NDI unit as well as increase the interconnectivity between polymer chains in 

amorphous region, resulting in one order higher the bulk electron mobility compared to PNDI-TVT. 
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salt for high efficiency perovskite solar cells 
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Perovskite solar cell is one of most hot issue solar cell materials due to its high absorption and fast carrier 

mobility. However, the transparent conduction oxide, such as TiO2, ZnO, SnO2, and so on, has low mobility  

and slow extraction because of its original properties and trap density. Especially, the TiO2, which shows 

the most high efficiency perovskite solar cell in meso structure, has critical cons with low mobility, slow 

extraction speed and high trap density in planar structure. We introduced the new modification to TiO2  

using CuI ionic salt. CuI partially covered TiO2 has preferred energy band and high extraction speed 

because of the dipole of CuI islands. Moreover, the trap sites of TiO2 also decreased well. Finally, we got 

19% planar type perovskite solar cell with negligible hysteresis. 
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supramolecular assembly of terpyridine-modified microgels 
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We developed a terpyridine-functionalized microgel (tpy-mG) for its supramolecular assembly. Tpy-mG 

was synthesized by amidation between 3-(4-([2,2':6',2''-terpyrid in]-4'-yl)phenoxy)propan-1-amine and 

carboxylates of thermo-responsive p(NIPAM-co-MAA) microgel (A-mG). After introducing terpyridine, 

its effects on the hydrodynamic radius, volume phase transition temperature (VPTT), and the colloidal 

stability of the microgel were investigated by dynamic light scattering and zeta potential analysis. The tpy-

mG show reversible assembly and disassembly with several metal ions (Ni2+, Fe2+, Co2+, or Zn2+), and 

the rheological properties of assembled tpy-mG-M2+ were regulated depending on the metal ion type; the 

weakly bound ions (Co2+, Zn2+) indicated fast dynamics for “inter-particular” exchange, resulting in much 

higher storage (G’) and loss (G”) modulus. The tpy-mG can easily furnish Ru dyes as photocatalyst through 

metal-ligand interactions, and the photo-oxidation of benzylamine was tested. The free Ru dye showed no 

significant differences on conversions at 25 and 50 °C, while the assembled Ru-tpy-mG-Mg2+ exhibited  

reduced conversion at 50 °C (>VPTT). This is said that the collapsed or “locked” structure around the 

photocatalytic center (Ru) caused low conversion than that of 25 °C ( 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: POLY.P-14 

Area: Polymer Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 
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polyaspartamide derivatives via metal coordination 
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Supramolecular hydrogels are formed by non-covalent bonds, mainly hydrogen bonding, charge-transfer, 

pi-pi stacking, and coordination interactions, which can be easily found in various natural adhesive systems. 

The dynamic nature of these interactions offers the interesting possibility of stimuli-responsive and self-

healing behavior in the structures and properties. In this work, metal-coordinated hydrogels based on 

polyaspartamides containing two different imidazole pendants were investigated as novel adhesive and self-

healing gels potentially useful in various biomedical and industrial applications. Different metal-ions such 

as Cu(II), Ni(II), Zn(II), Ag(I) were used to prepare metal-coordinated gel in aqueous solution. The water-

controlled gel materials showed self-healing behavior and also good adhesive property on various substrates 

such as glass and plastics, suggesting useful applications as a smart multi-functional soft matter. 
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Cellulose is the most abundant biopolymer on the earth. It is renewable, biodegradable, environmentally  

friendly, and cheap. Especially, cellulose is suitable to develop hard hydrogel since it is an organic polymer 

with high strength, high stiffness, and low density. In spite of these advantages, diverse use of the cellulose 

is limited as it does not dissolve in water and most of the commonly used organic solvents. Therefore, the 

cellulose dissolution using tetrabutylammonium fluoride (TBAF) and dimethyl sulfoxide (DMSO) has 

attracted researchers. Studies about changes in properties of the cellulose solutions and hydrogels 

depending on different concentration ratios of cellulose and TBAF in DMSO will provide useful 

information. In this study, the viscosities of cellulose solutions at different TBAF concentrations were 

examined. The cellulose solution viscosity was the highest among all samples at a specific ratio of cellulose 

and TBAF. The size of cellulose particles in the solutions was measured by dynamic light scattering to 

verify the reasons for such phenomenon. As a result, the cellulose particle size was the smallest at the 

highest viscosity concentration. Furthermore, cellulose hydrogels prepared from the solutions with smaller 

particles were more transparent than that of the solutions with bigger particles. Cellulose hydrogel 

crystallinity and morphology were characterized and compared to investigate the physicochemical 

properties of the cellulose hydrogels. Regardless of the TBAF concentration, the cellulose hydrogels were 

mostly formed in an amorphous state. On the other hand, the surface of the hydrogels became more rugged 

when the TBAF concentration increased. These results are expected to help open up broad possibilities for 

applications of cellulose. 
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drying-wetting process 
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Crystallization and entanglements of crosslinked poly(ethylene oxide) were investigated in terms of the 

concentrations of polymer solution which produce the gel network under exposure of gamma-ray . 

Crystalline state was established from the solution with 5 nm sized chain entanglements. Long period of 

lamellar distance and the thickness of crystalline and amorphous layers in the crystalline films were 

analyzed from the small angle X-ray scattering patterns. The wide distribution and non-uniformity of the 

lamellae were also observed in the elongated and swollen films. Comparing with the chain length between 

crosslinks, the possible positions of crosslinks in lamellar stacks were discussed. The results reveal the 

influence of the crosslinks on crystallization and demonstrate the phenomena at a conjunction to from 

crosslinking and crystalline state. 
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Polyimide is one of the most important high-performance polymers and widely used in various fields due 

to its excellent mechanical performance and thermal stability. Unlike conventional synthetic approach, 

hydrothermal polymerization enables the synthesis of polyimide without using toxic solvents and catalysts. 

In this study, we report the synthesis of polyimide microparticles (PIMs) through hydrothermal 

polymerization with three isomers of phenylene diamine (PDA) and mellitic acid (MA). We found that the 

three structural isomers of PDA afforded the fine control over the morphology of PIMs with varying 

dimension. To explain the morphology difference with the type of PDA precursor, we analyzed chemical 

composition of PIMs. The fraction of amide to imide bond varies in each PIMs. Although we synthesize 

PIMs with precursors that have same element moieties, we also can control chemical composition of PIMs 

not only morphology by changing angle between two amines in PDA. Furthermore, the population of the 

polar group is reduced during the condensation reaction, resulting in phase separation. Based on this 

difference in chemical composition, we suggest the mechanism that explain morphology difference with  

bond rotation possibility during phase separation. 
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The flexible and stretchable displays and devices could not appear in the market without the development 

of flexible and stretchable electrodes. The technologies can be classified into three categories: bonding of 

metallic stretchable structure on rubber substrate, composites of conductive particles in rubber matrix, and 

coating conducting layers on rubber substrate. Recently, the authors proposed the wrinkle-based electrode 

system in the uniaxial mode of tensile deformation for such stretchable device applications, especially under 

dynamic large deformation condition.In this study, as an extension of multidirectional wrinkle-based  

electrode system, a series of radial extensions were employed on the wrinkle system. An acrylic rubber(AR) 

of crosslinked sheet was dipped into a silicone rubber (SR) solution in n-heptane for the SR molecules  

could be diffused in the AR network on the surfaces. After equilibrium, the swollen sample was covered 

onto a cylinder, then applied air pressure to make uniform expansion of the sample just like an inflated  

balloon. As a result of the thermal crosslinking, an IPN structure was formed between the AR and the SR 

chain, which is why wrinkles are produced in the sample with pre-stretching. The critical radial strain (area 

expansion) for initiating the wrinkles instability was found to be approximately 10% of pre-stretching. In 

order to apply the conductive ink, which is usually hydrophilic, the surface of sample was treated with  

oxygen plasma and sodium dodecyl sulfate to promote the adhesion between the sample and the metal. 

Conductivity measurement and fatigue test were performed on samples with conductive ink. Additionally, 

it was applied to both the body motion and a melody kit device for checking the stability of the electrode 

system. 
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We newly synthesized a fullerene nanosurfactant (FCBN) for the vertical alignment of liquid crystals. From 

microscopic observations, it was realized that the vertical alignment of the host LC molecules was 

automatically induced by doping a small amount of FCBN into the host LC. Because of self-assembly and 

phase separation, the vertical alignment of liquid crystals was induced. Electro-optical switching behavior 

and surface anchoring energy were further investigated by using the FCBN doped LC cell. This work was 

supported by BK21 Plus program, the BRL 2015042417, Mid-Career Researcher Program 

(2016R1A2B2011041). 
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A butterfly shaped diphenylpyrimidine molecule (abbreviated as DPP6C) was newly synthesized because 

we understand the relationships between molecular packing structures, chemical structures, and 

photophysical properties of organic materials. The self-assembly of the asymmetric butterfly-shaped 

DPP6C molecules in the plastic crystal (PK) phase are mainly driven by the nanophase separation between 

aromatic cores and flexible alkyl tails. However, the interactions of DPP are limited because the aromatic 

cores of DPP6C have nonplanarity property. Photophysical properties of the organic π-conjugated small 

molecules can be tuned by controlling the molecular packing structures in the different phases. By the 

combination of scattering, spectroscopic, and microscopic experiments, we have demonstrated that the 

peculiar monotropic phase transition behaviors of a butterfly-shaped DPP6C were originated from the 

nonplanarity of the DPP6C aromatic mesogen. This work was supported by BK21 Plus program, the BRL 

2015042417, Mid-Career Researcher Program (2016R1A2B2011041). 
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Synthesis of hyper-branched polymer via electrochemical 

polymerization of various halogenated hydrocarbons 
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Hyperbranched polymers are highly branched three-dimensional macromolecules. They have received 

attention due to their chemical and physical properties as well as their potential applications in coatings, 

additives, drug and gene delivery, macromolecular building blocks, nanotechnology, and supramolecular 

science. Diverse synthesis strategies, from click polymerization to recently reported multicomponent  

reactions, give rise to diverse hyperbranched polymers with desired functional groups and structures. 

Electrochemical polymerization occurs by applying an electrical current through electrodes placed into the 

solution that contains the monomer and electrically conductive solvent. The electrical current causes the 

oxidation/radical generation from the monomer that yields polymerization. The properties of the produced 

polymer are influenced by the deposition charge and time, temperature, solvent, and electrode configuration. 

One of the key advantages of electrochemical polymerization is that it allows direct deposition of polymer 

nanostructures onto metal electrodes in a simple and cost effective way. Hyperbranched polymers were 

synthesized by electrochemical polymerization using various types of halogenated hydrocarbons. Their 

structures were studied using FTIR, XPS, GPC-MALS, and NMR spectroscopy. Their synthesis and 

properties will be described. This research was supported by the Institute for Basic Science (IBS-R019- D1). 
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Novel Fluorescent Polydopamine Nanoparticles for Biological Imaging 

Application 
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Over the past few decades, novel fluorescent nanoprobes have consistently attracted a great research interest 

due to their superior optical characteristic. Based on their compositions, these fluorescent nanoparticles can 

be mainly divided into fluorescent inorganic nanoparticles (FINs) and fluorescent organic nanoparticles 

(FONs). A prospective nanoprobe should have a suitable size and size distribution, high water dispersibility, 

good biocompatibility and biodegradability. Although FINs possess remarkable fluorescence properties 

and have been widely explored for bioimaging applications, most of the FINs are non-biodegradable, in 

addition, some of them have shown a fetal toxicity to living organisms. In this work, we reported that novel 

fluorescent polydopamine nanoparticles (FPNPs) can be conveniently fabricated via the diamine 

molecules-induced degradation of as-prepared non-fluorescent polydopamine (PDA) microparticles at 

room temperature. The FPNPs exhibited strong green fluorescence, high water solubility and good 

biocompatibility, fabricating them highly potential for biological imaging application. More importantly, 

we firstly found that FPNPs selectively label neuromast hair cells, their applications as a reliable fluorescent 

indicator to investigate the neuromast hair cells in the lateral line of zebrafish, to in turn determine the 

viability of hair cells, was demonstrated. 
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Synthesis and comparative properties of newly conjugated low band 

gap polymers 
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In this study, a newly synthesized conjugated polymer was successfully synthesized using Microwave. 

These polymers with benzodithiophene derivatives was synthesized by Stille cross-coupling reaction. The 

structure of polymer was identified by 1H-NMR and UV-vis spectroscopy. Conductivity of polymers was 

measured using conductivity meter. The thermal stability of polymers was investigated by 

Thermogravimetric Analysis(TGA) and molecular weights were measured using Gel Permeation  

Chromatography (GPC). 
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The study of novel thiophene and selenophene-based conjugated low 

bandgap polymers 
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In this study, we investigated the photovoltaic properties of newly synthesized low bandgap conjugated 

polymers, poly(4-(4,8-bis(5-(2-ethylhexyl)th iophen-2-yl)benzo[1,2-b:4,5-b' ]dithiophen-2-yl)-8-(5-( 2, 6-

didodecylbenzo[1,2-d:4,5-d' ]bis(thiazole)-4-yl)thiophen-2-yl)-2,6-didodecylbenzo[1,2-d:4, 5-

d' ]bis(thiazole)) (P1) and poly(4-(4,8-bis(5-(2-ethylhexyl)thiophen-2-y l)benzo[1,2-b :4,5-b' ]dithiophen-2-

yl)-8-(5-(2,6-d idodecylbenzo[1,2-d:4,5-d' ]bis(thiazole)-4-yl)selenophen-2-yl)-2,6-d idodecylbenzo[1, 2-

d:4,5-d' ]bis(thiazole)) (P2). P1 is a thiophene-based conjugated polymer (TCP), and P2 is a selenophene-

based conjugated polymer (SCP). These two polymer were studied by NMR and gel permeation  

chromatography(GPC). We investigated the physical properties of the polymers by conductivity. In 

addition, the optical, electrochemical and morphological properties of both polymers are studied by UV-

vis spectroscopy, cyclic voltammetry and atomic force microscopy (AFM). Later, we investigated the 

photovoltaic properties of both low bandgap polymers blended with PC61BM in different ratio with  

different thicknesses. Moreover, post thermal annealing at different temperatures for both polymers was 

investigated, and the results show that P2(SCP) exhibited stronger molecular orientation properties as 

compared to P1(TCP). 
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In this study, we synthesized two polymers with low band gap and wide absorption range up to the near 

infrared region for use as a donor to absorb light in polymer solar cell.The new conjugated polymers Poly(2-

heptadecyl-4-vinylthieno[3,4-d][1,3]selenazole) (PHVTS) and Poly(4-(4,8-bis(5-(2-ethylhexy l)thiophen-

2-yl)benzo[1,2-b:4,5-b']d ithiophen-2-yl)-2-heptadecylthieno[3,4-d][1,3]selenazole) (PBDTHTS), 

including selenazoles, were successfully polymerized by the stille’s reaction.These polymers are soluble in 

common organic solvents such as Tetrahydrofuran, Chloroform, Toluene and etc. The molecular weight of 

these polymers were measured by GPC. The new polymer was characterized by 1H-NMR, 13C-NMR, FT-

IR. The optical properties of these copolymers were examined by Uv-vis spectrometer. The thermal 

properties of these copolymers were determined by TGA. 
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Mesomorphic Helical Superstructures for the Photoreponsive 

Molecular Knob 
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A programed remote-controllable chiral liquid crystal containing four azobenzene moieties covalently 

connected to a chiral core (abbreviated as AZ4IC) is newly designed and precisely synthesized for the 

optically tunable thin films. Thermal, microscopic, and scattering are used to examine the phase evolution 

and ordered arrangements of AZ4IC systematically. Based on Wide-angle X-ray diffractions, oriented 

AZ4IC sample forms two characteristic layer structures (SmA* and SmCr). By doping AZ4IC into the 

achiral nematic molecules, the helical superstructures of chiral nematic LC phase (N*) and blue phase (BP) 

are spontaneously constructed. Remote-controllable phase transformations in the SmA*, N*, and BP are 

demonstrated by change the wavelength of light. Photoinduced phase transformations in the AZ4IC LC 

films can be applied as remote-controllable optical devices. This work was supported by the BK21 Plus, 

the BRL 2015042417, and Mid-Career Researcher Program (2016R1A2B2011041). 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: POLY.P-29 

Area: Polymer Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Iridium-catalyzed direct C-H amidation polymerization to give 

fluorescent polysulfonamides 
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Direct (hetero)arylation polymerizations(DHAP) have attracted great attention in recent years to synthesize 

various conjugated polymers such as polythiophenes and polycarbazoles. This polymerization methods are 

atom-, step-economical because these can reduce the undesired organometallic byproducts and the number 

of synthetic steps. However, conventional DHAPs are limited to C-C bond formation, and polymerization  

method for C-N bond formation using C-H activation has remained unexplored to date. Here, we report a 

Iridium-catalyzed Direct C-H amidation polymerization(DCAP) that enables the synthesis of high-

molecular-weight, defect-free polysulfonylamides. We discovered that a reactive directing group, additives, 

silver salts, and reaction temperature are key factors for efficient DCAP through model study and 

optimization. This polymerization allowed high-molecular-weight polysulfonylamides with various readily  

accessible bis-sulfonyl azides. Furthermore, these polymers emit fluorescence with high quantum yields 

and large stokes shifts due to excited-state intramolecular proton transfer(ESIPT) while these polymers 

have different structures from conventional fluorescent conjugated polymers. Notably, this research 

demonstrates a successful atom-, step-economical DCAP showing defect-free, high-molecular-weigh t  

fluorescent polysulfonylamides. 
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Crosslinked Natural binder using boronic acid cross-linker for stable 

Si anode in Li ion battery 
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Si has received attention as active material in anode due to its high theoretical charge capacity. However 

the Si anode has big challenge resulted from the large volume expansion (>300%) during the lithiation. 

This expansion causes isolated Si and rapidly fading the capacity of electrode. To alleviate this ephemeral 

ability, we introduce boronic acid polymeric cross-linker for stable contact of electrode. Boronic acids of 

crosslinker form stable chemical crosslink with vicinal hydroxyl groups. We utilize guar gum, natural 

polymer from seed. It is commercial product and has high viscosity and abundant functional group. Alcohol 

groups of guar gum form dynamic chemical crosslink with boronic acid group. This bonds are reversible 

but broken at high temperature and low/high pH. Broken bond can recover by reforming of crosslinking of 

–OH and Boronic acid at low temperature and mild pH. Cross-linked binder efficiently grasp expanded Si 

and prevent isolation of contracted Si. This crosslinking of boronic acid and guar gum will maintain  

integrity of electrode and eventually improve lifetime and retention of Li ion battery. 
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Keywords: Hyperbranched polymer, wet spinning, fiber Hyperbranched polymers are three-dimensional 

macromolecules that having irregular branches on a polymer backbone. They have intramolecular cavities, 

low viscosity, and high solubility. [1] Wet-spinning of polymeric material is a traditional method to make 

fiber. Fiber spinning of hyperbranched polymers seems to have received little attention, unlike linear 

polymer or polymer composites, because hyperbranched polymers exhibit low strength and low viscosity 

compared to linear polymers. However, the hyperbranched polymers have higher intrinsic solubility and 

lower melt or solution viscosity that favor easy spinning [2] and enhance manufacturing throughput. We 

wet spun fibers using hyperbranched polymers and to date have found them to have a porous structure. The 

relationship between porosity of the polymer fiber and coagulation conditions (control of the speed of 

solvent exchange, relaxation time, and concentration of polymer solution) will be presented. This research 

was supported by the Institute for Basic Science (IBS-R019-D1).References:[1] Yaochen Zheng, Chao Gao, 

Chem. Soc. Rev., 2015, 44, 4091-4130[2] Kwak SY, Ahn DU, Macromolecules 2000;33:7557-63 
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A structure-controllable synthesis method of polysilsesquioxane via the 

sol-gel reaction of phenyltrimethoxysilane 
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Polysilsesquioxanes(PSSQs) were synthesized by hydrolysis and condensation polymerization using a tri-

functional alkoxide silane having a T3 structure. PSSQs contain three structures that are random structure, 

ladder structure and cage structure. In this study, cage structure and ladder structure polysilsesquioxanes 

were synthesized under room temperature and normal pressure by controlling water content, amount of 

catalyst in hydrolysis and condensation of phenyltrimethoxysilane. Products of two type structure were 

analyzed with 29Si-NMR to observe T2, T3 peaks, crystal lattice of products were confirmed by XRD 

analysis and a molecular weight of synthesized products were compared with predicted molecular weight 

of PSSQ’s structures through MALDI-TOF analysis. A phenomenon that distinguishable synthesis method 

of cage and ladder structure was observed by controlling the amount of K2CO3 used for synthesis of 

polysilsesquioxane and reaction time. The amount of catalyst and reaction time are expected to determine 

the mechanism that the cyclic and linear compounds are synthesized. 
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Synthesis of Diketopyrrolopyrrole (DPP)-based Conductive Polymers 

for n-Type Thermoelectric Films 
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Thermoelectric materials have received considerable attention for sustainable energy harvesting system 

from sun and waste heat energy. Among the materials, conducting polymers (CPs) are good candidate and 

showed advantages over inorganic thermoelectric materials due to their controllable optoelectronic 

properties, flexibility, and easy processability. Compared to p-type, n-type polymers have been poorly 

explored mainly due to the difficulty in synthesis and lack of design principles. Herein we report synthesis 

of diketopyrrolopyrrole (DPP) based polymer in that various monomer structures were introduced to tune 

orbital energies and ultimately thermoelectric properties. Due to the high electron mobility, low LUMO 

level, and the electron withdrawing nature of the DPP based π-conjugated polymers, they showed n-type 

thermoelectric properties. Preparation, calculated orbital energies, and thermoelectric characterization of 

DPP based polymers will be presented. 
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Small Angle X-ray Scattering Studies on Structures of Biological 

Macromolecules in Solution 
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The fundamental aim of structural studies in molecular biology is to establish a relationship between the 

structure (or, more precisely, structural changes) and function of biological macromolecules. Over the past 

years, a tremendous amount of structural information has been obtained using macromolecular 

crystallography and nuclear magnetic resonance (NMR). These high-resolution methods apply only in 

rather specific conditions: it is often difficult to grow crystals of high molecular weight (MW) assemblies 

that are suitable for diffraction, and the application of NMR is fundamentally limited to small (MW < 30 

kd) proteins. Investigation of structure of biological macromolecules in solution remains one of the most 

important fields of application of small angle X-ray scattering (SAXS) technique. SAXS permits analysis 

of biological macromolecules and their complexes in nearly physiological environments and direct study 

of structural responses to changes in physical and chemical conditions. Recent remarkable progress in 

instrumentation, in particular thanks to high-flux dedicated X-ray synchrotron radiation has significantly 

improved the quality of the experimental SAXS data. This method is an important complementary tool to 

the high-resolution techniques (X-ray crystallography and NMR). The fundamental aim of this study is to 

obtain more detailed information on the structure and structural differences of a variety of biological 

macromolecules in solution under various conditions by using SAXS technique. Ultimately, the structural 

evidence presented here will contribute to a better understanding of relationship between structures of 

macromolecules and their function, from a biophysics point of view. In this talk, current status of 4C SAXS 

beamline, long-term plan for advanced beamline, SAXS data processing, overall parameters, and recent 

research results of biomacromolecules (DNA, protein) will be discussed in more detail. 
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Synthesis of Biomass-derived Furanic Polycarbonates: Towards 

Integrated Upcycling of Carbon Dioxide and Biomass 
 

Juhyen Lee, EUN HO CHOI, Changsik Song* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

Polycarbonate which is one of the types of thermoplastic has advantages such as heat resistance, impact 

resistance, transparency and workability. However, aromatic polycarbonates based on bisphenol A which 

has toxicity are not environmentally used as a product and aliphatic polycarbonates are not suitable for 

commercial use due to low Tg. To overcome these limitations, research on polycarbonate incorporating 

cyclic molecules is underway. Biomass is an industry term for getting energy by burning wood, and other 

organic matter like biofuels and organic starting materials. It has been classed as a renewable energy source 

and is possible to synthesize various furanic flatform by making 5-(hydroxymethyl) furfural (5-HMF) 

through hydrolysis and dehydration of certain sugars. Dimethyl carbonate (DMC) which is another 

environmentally friendly substance is derived from carbon dioxide and diphenyl carbonate (DPC) can be 

synthesized from DMC. In this study, various biomass-based polycarbonates can be synthesized by the 

transesterification reaction of a furan-based diol with DMC or DPC. To obtain a high molecular weight 

polymer, the proportions of terminal groups of -OH and -OCH3 are finely controlled. By introducing furan 

diol, it is possible to synthesize furan-based alkyl polycarbonate with controlled Tg and to obtain a novel 

biomass-based environmentally friendly polymer. 
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Study on the ophthalmic hydrogel lenses containing silicone monomers 

 

Teak-Ki Yeo, Min-Jae Lee1, A-Young Sung1,* 

 
Optometry & Vision science, Daegu Catholic University, Korea 
1Department of Optometry, Daegu Catholic University, Korea 

  

This study was planned considering the two types of silicone monomers and DMA ratio to be used in the 

polymerization. For the preparation of silicone hydrogel lens materials, based of TRIS[3-

(methacryloyloxy)propyltris(trimethylsiloxy)silane] in the presence of SiD-2, DMA(n,n-

dimethylacrylamide) was used as additive. The measurements of the water content, showed a different  

water content value for each lens with silicone monomers. The physical properties of the produced polymer 

with addition of SiD-2 showed that the water content increased as the ratio of additive increased. Also, the 

polymer including TRIS, the average value of water content decreased as the ratio of additive increased. 

And also, the Dk measurement of the samples containing SiD-2 and TRIS showed that the average value 

was in the range of 26.75~32.36×10-11(cm2/sec)(mlO2/ml×mmHg). Silicone monomers containing DMA 

was expected to be used usefully as a material for high oxygen permeability and high water content silicon 

hydrogel ophthalmic lens. 
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Advanced catechol-modified chitosan hydrogels with the inducement 

of Iron (III) ion at different pH 
 

Quang Nguyen Ngoc, Daewon Sohn1,* 

 
Chemistry, Hanyang University, Vietnam 

1Department of Chemistry, Hanyang University, Korea 

  

Chitosan (CS) is a natural polycationic polysaccharide and pH sensitive polymer with incomplete 

deacetylation from claiming chitin. It is also a guaranteeing material in terms of pharmaceutical, chemical, 

and sustenance industry due to its exceptional structure (reactive –OH and –NH2 groups). In this study, a 

catechol-functionalized chitosan (CCS, for an eminent level for substitution) was synthesized and propelled 

by marine mussel cuticles in place on research those intricate connections between Fe3+ and catechol under 

acidic conditions. The ratios of catechol, chitosan and other reagents decide the structure of the hydrogel. 

The gel formation is then well-maintained by dual cross-linking through electrostatic interactions between 

Fe3+ and CCS and covalent catechol-coupling-based coordinate bonds. The hydrogels showed enhanced 

cohesiveness and shock-absorbing properties with increasing pH due to coordinate bonds inspired by 

mussel byssal threads. Thus, the gelation time, rheological properties, UV-vis and 1HNMR spectroscopy, 

and the morphologic aspects were elucidated to describe those crosslinking components and the physical 

properties of the chitosan backbones and hydrogel frameworks. 
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Proton conductivity improvement using nano-scale water explosion in 

polymer electrolyte membrane 
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Proton conductivity of polymer electrolyte membrane (PEM) is greatly governed by the amount and 

distribution of water as well as morphology and alignment of hydrophilic channels forming the ion cluster 

network in the PEM. However, the amount of water in PEM during hot-pressing above the glass-transition 

temperature of PEM and the boiling point of water has not been expected to influence the proton 

conductivity. Here we showed that higher water amount of PEMs during the hot-pressing process resulted 

in improved fuel cell performance due to shortcut-proton-pathways generated by the sudden water 

explosion on the nano-scale. Our results demonstrated a new post-PEM-processing method to enhance 

proton conductivity without additional tool/procedure, and provided some clues to the behavior of liquid 

molecules embedded on the nano-scale in polymers. This may open a new door to nano-scale explosion of 

water and/or other small liquid molecules for morphological change of pores/channels in polymer. 
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Simple synthesis of graphene using electrochemical method 
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Reduced step and environmental-friendly synthesis of graphene is important for scalable synthesis and 

industrial application of graphene. The control of the graphene synthesis is also a major point in graphene 

based nanocomposites. General chemical method of graphite exfoliation uses strong acid to oxidize graphite 

surface. Also, this chemical oxidation method follows multi-procedures. Simple graphene synthesis method 

without using any super-strong acid is challenged by my researchers. In this study, we exfoliated graphite 

via electrochemical process in aqueous solutions. We used two types of graphite (graphite electrode and 

powder) and compared. Surface functional groups of electrochemically synthesized graphene depend on 

electrolytes and electrodes that are connected with graphite. Surface groups were removed using thermal 

and microwave treatments. Structure and exfoliated states of as-made graphene were studied by powder X-

ray diffraction (XRD), transmission electron microscopy (TEM). To analyze surface defects and change in 

the number of graphene layer, we used Raman spectroscopy. Surface functional groups and elemental 

contents were measured using X-ray photoelectron spectroscopy (XPS) and energy dispersive x-ray  

spectroscopy (EDS) elemental mapping. 
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of Chitosan Microcapsules as an Oral Delivery Platform for Antisense 

Therapeutics 
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Antisense therapeutics have been widely used for treating various diseases as it is able to regulate target 

protein expressions with high sequence specificity and low toxicity. In addition, oral administration of 

antisense therapeutics is preferred because it increases patient compliance and cost effectiveness. However, 

oral delivery of antisense therapeutics is limited due to the inherent instability and low permeability of 

nucleic acid. To overcome these barriers, we developed chitosan microcapsules for stable and efficient oral 

delivery of antisense therapeutics. Chitosan has been commonly applied for synthesis of oral delivery 

platforms owing to its mucoadhesive and tight junction opening properties. Antisense therapeutic 

nanoparticles were prepared by electrostatic interaction between the nucleic acid and chitosan as a first step 

of chitosan microcapsules synthesis. The nanoparticles were then entrapped in chitosan microcapsules by 

ionic gelation between chitosan and phytic acid. The chitosan microcapsules protected antisense 

therapeutics against environments of gastrointestinal tract such as simulated gastric fluid and nuclease. 

Furthermore, chitosan microcapsules showed improved in vitro permeability and low cytotoxicity of the 

antisense therapeutic nanoparticles. The results demonstrate the potential application of chitosan 

microcapsules as a suitable oral delivery platform for antisense therapeutics. 
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Hara Lee, Myong Guen JO1, Kwang-Hwan Ko2, Joon-Seop Kim3,* 

 
Chosun University, Korea 

1Department of Polymer science and Engineering, Chosun University, Korea 
2Department of Advanced Materials Engineering, Chosun University, Korea 
3Department of Polymer Science and Engineering, Chosun University, Korea 

  

In this work, we studied the thermally induced self-healing of the sulfonated polystyrene ionomers 

neutralized with either ethylamine or hexylamine. It was found that the self-healing efficiencies of the 

amine-neutralized ionomers were better than that of un-neutralized copolymer. It was also observed that 

the healing efficiencies of the hexylamine-neutralized ionomers were higher than those of the ethylamine-

neutralized ionomers, thermally treated at the same temperature. In addition, the effect of the neutralization  

degree on the healing behavior of the ionomers was found to be stronger for the hexyl amine ionomers than 

for the ethylamine ionomers. As expected, the thermal treatment temperatures also influenced the healing 

properties of the ionomers. The above results indicated that the ionomer healing depended strongly on the 

glass transition temperature, affected by the alkyl chain length of the amines, neutralization degrees, and 

heat treatment temperature. 
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In this study, we investigated the dispersion behavior of asphaltenes in heavy oil containing oligomeric 

styrene copolymers as dispersant. When we compared the effects of the types of functional groups on the 

asphaltene dispersion, we found that the sulfonic acid groups were better than the carboxylic acid groups. 

In addition, we also observed that the maleic acid was the best. This suggested that the amounts of 

carboxylic acid groups were important for the asphaltene dispersion. Furthermore, we found that, with  

decreasing molecular weight of the oligomeric copolymers, the dispersion behavior of the asphaltenes was 

improved. This result indicated that there was a critical molecular weight of the copolymer for the better 

dispersion of asphaltenes, above which the copolymer started to act as linkers between asphaltenes and, 

thus, lead to the sedimentation of the asphaltenes. 
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The preparation and evaluation of glabridin nanosuspension for skin 
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It has been reported that glabridin extracted from Glycyrrhiza glabra has an excellent effect on the anti-

tyrosinase activity for inhibiting melanin synthesis.However, glabridin or various whitening functional 

ingredients are hydrophobic and have low solubility in water, therefore they are difficult to be used as 

functional cosmetics for whitening.In this study, a biocompatible polymer, such as lutrol F 127, was used 

to increase solubility of glabridin and whitening functional materials in order to remedy the disadvantage 

of poor solubility.As a result, the solubility of poorly soluble glabridin was improved by using a 

biocompatible polymer, and it was confirmed by measuring the particle size was measured by DLS analysis 

which was 20-150 nm, the skin permeability of the active substance was improved and the long - term 

stability was excellent. In addition, as a result of measuring the inhibitory activity of tyrosinase activity of 

glabridin, it was confirmed that the effect of suppressing tyrosinase activity was more than 80% even though 

concentration of the active substance was as low as 0.001%. in vitro whitening effect test of glabridin  

micelle nanoparticle material through the melanogenesis inhibition assay was confirmed to be effective 

from 0.005%. which indicates about 40% more inhibitory activity than the control group arbutin.The skin 

permeability of solubilized glabridin in 24 hours was 8%, and permeability of solubilized glabridin was 

increased up to 21% when a certain amount of skin permeation enhancer was added. In conclusion, it was 

confirmed that the glabridin solubilized using biocompatible polymer has a great effect on inhibition of 

melanin formation and is effective as a whitening functional product.S2411108 
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Ru-based Grubbs catalysts employed in cyclopolymerization (CP) of diyne deivatives have promoted 

selective α–addition, forming the conjugated polyenes containing exclusively five-membered repeat unit in 

the case of 1,6-heptadiynes. Along with our recent achievement on β–selective CP using a Ru-based Z-

selective olefin metathesis catalyst, we have pursued a higher efficiency and more selective regiocontrol to 

produce conjugated polymers with only six-membered rings with broader substrate scope. Herein, we 

demonstrate a very β–selective CP by applying another type of Ru-based dithiolate catalyst, and discovering 

the prominent effects of pyridine additives to improve the conversion and the selectivity. In-depth 

observation and monitoring on the reactive carbene species enabled us to understand the plausible role of 

pyridine ligands, such as stabilizing the propagating carbenes and control k i/kp values. All of the 

investigation led the living/controlled CP and further diblock copolymerization to be possible, which 

became the first example for CP in a completely β–selective and living manner using Ru-based catalysts. 
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In the field of explosives, acquisition of smaller crystal particles has been demanded for reducing sensitivity 

to unintended initiation by mechanical stimuli. Among various methods to produce smaller particles, 

crystallization of molecular explosive inside a polymer matrix is advantageous because the matrix induces 

heterogeneous nucleation, which generates smaller particles and, in addition, absorbs accidentally incident 

mechanical energy, suppressing its transfer to embedded explosive. In this paper, we crystallize 1,3,5-

Trinitro-1,3,5-triazinane (RDX), one of the most extensively used explosive, inside the polymer matrix by 

quenching while simultaneously applying ultrasound. We find that resulting particles are ~ 30 nm, which 

is three orders of magnitude smaller than those produced either by the identical method except 

ultrasonication or by quenching with ultrasonication outside the polymer matrix. We infer that there is a 

synergy between the polymer matrix and ultrasonication in reducing the particle size during crystallization , 

which arises because the polymer matrix induces both heterogeneous nucleation and premature implosion  

of cavitation bubbles. In other words, the polymer matrix amplifies the effects of ultrasonication on 

expediting nucleation of RDX. 
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Fabrication of carboxyl functionalized polystyrene particles by γ-ray 

radiation 
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Functional polymer particles with various groups on the surface have extensive applications in various 

fields such as coatings, chromatography and biomedical analysis. The carboxyl group is one of the most 

important surface functional groups for particles for biomedical applications. In this research, one and two 

step methods were used to synthesize carboxyl functionalized polystyrene particles. In one step method, 

monomer, co-monomer, stabilizer, ethanol and water were stirred and radiated. But in two step method, 

entire stabilizer, half of the monomer, ethanol and water were stirred and radiated in first step, and then 

after putting the solvent which has entire comonomer, half of the monomer, ethanol and water, it was 

radiated again. The γ-ray radiation from 60Co source were used to initiate dispersion polymerization . 

Generally eaq-, H·and OH·are produced when water is irradiated with γ-rays, and H·and OH·initiate the 

polymerization of monomers. In two step method, delaying the addition of solvent helps to prevent 

secondary nucleation and it can promote the formation of monodiperse particles. So comparing to one step 

method, two step method particles were more uniformed and had more carboxyl group on the surface of 

particles. In one step method, size of particles was around 200-400nm, and in two step method size of 

particles was around 2-3㎛. 
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Pore Size Control of Mesoporous Silica Using Pentablock Copolymer 

Template via EISA Process 
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Mesoporous Silicas were prepared in the presence of several kinds of PLGA-PEO-PPO-PEO-P LGA 

pentablock copolymers using evaporation-induced self assembly (EISA) process. Pluronic F68, F127, and 

F108 triblock copolymers were used as macro-initiators to prepare pentablock copolymers with different  

length scales. We tried to find any relationship between variation of pore size and the length scale of 

pentablock copolymers. We present synchrotron SAXS patterns to investigate characteristic pore sizes, 

BET sorption and TEM images to clarify pore structure and sizes. Also, we investigate solid state 29Si NMR 

for chemical nature of siloxane bonds. 
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Self-healing property of supramolecular polymer gels based on 

terpyridine-metal interaction 
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Self-healing system has been widely investigated by many researchers because of usage for various medical, 

display, drug delivery system and so on. Therefore, various kinds of polymer are designed and synthesized 

that can be reversibly assembled and disassembled via covalent and noncovalent bonds.Here, we fabricated 

a self-healing gel system without external stimuli. Copolymer between norbornene-based two monomers  

(M1, M2) synthesized through the ring opening metathesis polymerization (ROMP) and supramolecular 

gels were fabricated by metal-ligand interactions. (Ni2+, Co2+, Fe2+). These gels showed self-healing  

properties within a few minutes after cutting without any other additional external stimuli. Supramolecular 

gels were disassembled by ceric ammonium nitrate (CAN) which can oxidize Fe3+, which cannot bind to 

terpyridine ligand. Also, the photoactive properties of the supramolecular gel were observed through benzyl 

amine photo-oxidative coupling reaction. Therefore, norbornene based-supramolecular gels can be applied 

to fabricating self-repairable functional materials. 
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In this study, poly(styrene-co-methacrylate)Na ionomer containing low molecular weight 

polyethyleneglycol(PEG) with different molecular weight(2000, 4000, 6000). And the surface of the 

ionomer film was examined using a scanning electron microscope(SEM). Experimental results were also 

compared with PSMANa ionomers having different ion contents including PEG(6000, 30 wt%). It was 

found that particle size decreased with increasing ion contents of pure PSMANa ionomer, and the surface 

of the ionomer films was smooth. In the case of the 3.2 mol% PSMANa ionomer containing PEG with  

different molecular weights, the particle size was in the following order: PEG6000> PEG4000> PEG2000. 

In the case of the sample containing PEG6000 compound, cracks occurred on the surface of 3.2, 5.7 mol% 

PSMANa ionomer film. It was also observed that the crack size of 5.7 mol% ionomer were larger than 3.2 

mol% ionomer. 
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Synthesis of Poly(1-vinyl,3-alkylimidazolium) iodide and anion 

exchange of iodide for bis(trimethanesulfonyl)imide 
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Ionic liquids (ILs) are organic electrolytes with low melting points, high density, high electrical 

conductivity, high polarity, chemical and thermal stability. Polymeric ionic liquids (PILs) are prepared by 

free-radical polymerization process. Ionic liquid monomer is 1-vinyl,3-alkylimidazolium iodide. Using 

azonisisobutyronitrile (AIBN) as a radical initiator, poly(1-vinyl,3-alkylimidazolium) Iodide is synthesized 

by free-radical polymerization of ionic liquid monomers. Poly(1-vinyl,3-alky limidazolium iodide) has a 

narrow solubility, limited to water or alcohol only. Poly(1-vinyl,3-alky limidazo l iu m 

bis(trimethanesulfonyl)imide which prepared by anionic exchange of bis(trimethanesulfonyl)imide (⁻NTf2) 

for iodide (I⁻) become soluble in less polar solvent, such as tetrahydrofurane. By deprotonating polymeric 

ionic liquids (PILs), poly(N-heterocyclic carbene)s, denoted poly(NHC)s can be generated. Further reaction 

to synthesize the zwitterionic adduct by introducing lewis acid would be discussed. 
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radiation 
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The swelling behavior of poly(n-isopropylacrylamide)-laponite hydrogel by γ-ray irradiation was 

investigated. Three different methods were used preparing these hydrogels; one is synthesized by γ-ray 

irradiation to the monomer-clay solution (direct method), another is by γ-ray irradiation to the clay solution 

to get radical of it (indirect method) and the other is by potassium persulfate initiator (general method). γ-

ray generates radicals and forms 3D networks without any crosslinker. The clay acts like a crosslinker 

which affects swelling abilities of hydrogels. However, the main factor is the use of γ-ray. The saturation 

ratio and the time of swelling were investigated, and the structural changes during swelling were measured 

by the following techniques; rheometer, Fourier-transform infrared spectroscopy (FTIR) and small-angle 

X-ray scattering (SAXS). As a result, hydrogels by general method showed the best swelling and self-

healing properties, and it was because of the structural difference. 
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3D Interconnected Organic-Inorganic Hybrid Materials with 

Hierarchical Macro/Mesostructure 
 

Jae Seo Park, Eun-Bum Cho* 

 
Department of Fine Chemistry, Seoul National University of Science & Technology, Korea 

  

We present the preparation of 3 dimensionally interconnected organic-inorganic materials with hierarchical 

macro/meso structure. Polyethyleneimine (PEI) polymers with several kinds of molecular weights and 

mesoporous nanoparticles were linked with/without two kinds of chemical linkers. The 3D interconnected 

structures were investigated mainly with TEM images and the chemical linkage was confirmed with FT-IR 

spectra. Other properties and performance will be presented. 
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A series of polyesters containing a piperidinium, pyrrolidinium cation backbone are successfully 

synthesized from dihydroxyl room temperature ionic liquid monomers (RTILs). 1:1 ratio of the cation unit 

and sebacate is confirmed by 1H NMR. All PF6- and Tf2N- polyesters are amorphous from differential 

scanning calorimetry (DSC) results. PF6- polyesters with C11 spacers show melting peak at 64 and 65 ℃ 

(piperidinium and pyrrolidinium, respectively) only during the first heating scan. Glass transition 

temperatures (Tg) of the PF6- polyesters are shown between -7 and -21℃, however the Tf2N- polyesters do 

not have Tg above -50 ℃. Highest room temperature ionic conductivity during the ionic polyesters is up 

to 1.01x10-4 S·cm-1. All Tf2N- polyesters show higher conductivities than the PF6- ones and these results 

are corresponding to the previous reported ionic liquid-based polyesters. 
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Removal of As(Ⅲ) 

 

Kihoon Kim, Giho Choe, Yeongheon Jung, Sooyong Park, Kwanwoo Shin* 

 
Department of Chemistry, Sogang University, Korea 

  

3D printing which produces objects directly from Computer Aided Designs (CAD) is one of the most 

versatile and revolutionary technique. 3D printing is a very simple and easy technique to fabricate complex 

structures which are customized to any personal needs without additional specific tools for the structures. 

In the meantime, heavy metal pollution has become one of the most serious environmental problems 

nowadays. Various methods for heavy metal removal including chemical precipitation, ion-exchange, 

adsorption, membrane filtration and electrochemical methods have their own pros and cons. We fabricated 

optimized 3D printed polymeric structures for efficient heavy metal removal in the flowing water. These 

customized polymeric structures are designed to have high surface area coming from specific patterns of 

structures and modified porous polymeric surfaces. We analyzed the amounts of heavy metal ions in the 

water are decreased which filtered by these surface area-controlled 3D printed patterns. 
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Polyphenylene sulfide (PPS) is a polymer with good chemical resistance, mechanical and thermal stabilities. 

Conventional polymerizing methods are the solution and melt polymerizations. The solution 

polymerization method is to obtain paradichlorobenzene (p-DCB), sodium sulfide (Na2S) or sodium 

hydrogen sulfide in a polar solvent under high temperature and pressure. This reaction produces sodium 

chloride and its removal is important. The other method, melt polymerization can be obtained at high 

temperature and high vacuum of 300 ℃ or higher and using para-diiodobenzene(DIB) and sulfur. Iodine, 

which is produced as a byproduct of melt polymerization, requires high vacuum and is difficult to remove. 

Sodium chloride and iodine, which are the byproducts of the conventional polymerization process, remain  

in the polymer, resulting in weakening of strength and properties. In this study, PPS containing less iodine 

was polymerized with sulfur and DIB in high-temperature solvent. It is also possible to control the content 

of sulfur. Sulfur content is PPS was analyzed by EA, and thermal properties of sulfur contents were 

confirmed by TGA and DSC. It was confirmed that various PPS polymerization was possible, and it was 

confirmed that the electrode could be used as an LI-S battery. 
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Simple Synthesis and Application of Amide-Based Hyperbranched 

Polymers 
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Recently, various researchers for lightweight of automobiles using fiber-reinforced composite materials are 

actively carried out to improve the fuel efficiency of transportation equipment such as automobiles. In this 

study, to improve the disadvantages of conventional thermosetting resins, we selected polyamide 66(PA66), 

a thermoplastic resin, as a matrix and newly synthesized a hyperbranched polymer having amide-based 

branched structure and added microcompounder to prepare a polymer composite. The stability and physical 

properties of the polymer composites prepared at the high temperature were compared with those of the 

extruded specimens using 100% of the conventional resin PA66. In addition, we have studied an efficient  

process for mass production by choosing a simple polymerization method that uses monomers that can be 

easily obtained to enhance the manufacturability. This study shows that the molding of CCB (Cowl Cross 

Beam) parts of automobile shows lower melt viscosity than that of the existing matrix and is thermally  

stable even at 280 ℃, so it is considered to be used in the real industrial field. It is expected to do. 
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Surface-enhanced Raman scattering (SERS) is one of the powerful techniques to detect and identify 

biomolecules for biosensing and stimuli-responsive SERS nanoprobes have been of great interest for high 

sensitivity. Herein, we report thermo-responsive organic-inorganic nanocomposites, which were comprised 

of thermo-responsive di-block copolymer-grafted nanoscale graphene oxide (NGO) using two different  

approaches of “grafting to” and “grafting from” and gold nanorods (GNRs). The thermo-responsive di-

block copolymer, poly(N-isopropylacrylamide-b-acrylic acid), poly(NIPAM-b-AAc), was polymerized by 

reversible addition-fragmentation chain transfer (RAFT) polymerization. In “grafting to” approach, thiol-

functionalized block copolymers were conjugated with maleimide-functionalized NGO as polymer brushes 

by thiol-Michael addition reaction. On the other hand, the polymer brushes in “grafting from” method were 

grown from chain transfer agent-functionalized NGO surface by RAFT polymerization. Poly(NIPAM-b-

AAc) brushes of the NGO were complexed with GNRs via electrostatic interactions between negatively 

charged poly(AAc) blocks and positively charged GNRs. The organic-inorganic nanocomposites showed 

enhanced SERS signal depending on temperature. This work would have great potential in temperature-

dependent SERS-based biosensing applications. 
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Proteins with Dynamic Properties 
 

Jae Sang Lee, Min Jeong Kang, Dong Woo Lim1,* 

 
Department of Bionanotechnology, Hanyang University, Korea 

1Department of Bionano Engineering, Hanyang University, Korea 

  

Stimuli-responsive polymer biomaterials are useful for biomedical applications because they self-assemble 

into hydrogels under aqueous conditions. Especially, genetically engineered protein-based materials are of 

growing interest due to their accurate control over molecular design, excellent biocompatibility, and 

specific biological functions. In this study, the fusion proteins in ABA type triblock form, composed of 

thermally-responsive elastin-based polypeptide (EBP) and ligand-responsive calmodulin (CalM), were 

genetically engineered, expressed, and purified using different salts via inverse transition cycling (ITC). 

They exhibited thermally-triggered gelation in a reversible way under physiological environments. 

Furthermore, the physically crosslinked hydrogels showed ligand-dependent rheological- and mechanical 

properties above the transition temperature (Tt) depending on different salts. The injectable hydrogels of 

multi-responsive fusion protein would be promising for tissue engineering and drug delivery applications. 
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Supramolecular Assembly 
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Amphiphilic block copolymers (ABCs) are of great interest because they self-assemble in an aqueous 

solution to form polymeric micelles and vesicles based on their relative dimensions of hydrophilic- and 

hydrophobic blocks. In particular, various molecular brushes, which are composed of long polymeric 

backbones with densely grafted side chains, were developed due to their unique molecular structures and 

physicochemical properties. We report herein self-assembly of ABCs and their molecular brushes via inter- 

and intra-molecular interactions. Linear ABCs as macromonomers were synthesized from a norbornene-

functionalized chain transfer agent by reversible addition-fragmentation chain transfer polymerization, and 

their molecular brushes composed of poly(norbornene) as backbone and ABCs as side chains were 

polymerized via ring-opening metathesis polymerization. Linear ABCs and their molecular brushes formed 

different nanostructures including vesicles and cylindrical micelles via supramolecular assembly. 

Conclusively, this work opens a new avenue for building blocks toward complex and functional 

nanomaterials. 
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Injectable protein hydrogels with stimuli-responsiveness have attracted great interest in biomedical field  

because of their noninvasive applications. This work was motivated to design block copolymers of elastin-

based polypeptides (EBPs) with thermo-responsivenss and resilin-based polypeptides (RBP) with resilient  

property for injectable hydrogels. The ABA triblock copolymers, which were composed of thermally  

responsive EBP end blocks and hydrophilic RBP middle block, were genetically engineered and purified  

via inverse transition cycling. Below the lower critical solution temperature (LCST) of EBPs, the block 

copolymers were completely soluble and self-assembled into physically cross-linked hydrogel above it due 

to thermal aggregation of terminal EBP blocks and hydrated middle block. Oscillation rheological 

experiments showed a clear crossover point of storage- and loss modulus above LCST. The self-assembled 

hydrogels showed enhanced mechanical properties at 37 ℃ and showed reversibility with minimal 

hysteresis as the temperature decreased. These stimuli-responsive polypeptide hydrogels would be 

promising for biomedical applications. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: POLY.P-62 

Area: Polymer Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Stimuli-responsive and Surface-adhesive Fusion protein Hydrogels for 

Biomedical Applications 
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Genetically engineered elastin-based polypeptides (EBPs) have been of great interest because they have 

unique stimuli-responsiveness and biocompatibility. In addition, mussel foot proteins (MFPs) are known 

as potential bioadhesives because of their unique surface adhesive properties in moisture condition. 

However, genetically engineered MFPs have limitation of low expression and purification yield, and 

tyrosine residues of recombinant MFPs are modified to 3, 4-dihydroxyphenylalanine (DOPA) by tyrosine 

hydroxylation enzyme to exhibit surface adhesion. In this study, we report fusion proteins composed of 

EBPs and MFPs in tri-block form using bacterial co-expression system to overcome the limitation of MFP 

expression, purification and modification. Fusion proteins with different block length ratios were 

biosynthesized by molecular cloning of recursive directional ligation, and expressed with tyrosine 

hydroxylase for simultaneous hydroxylation of tyrosine residues in E. coli expression system. The fusion 

proteins were purified by the inverse transition cycling as non-chromatographic protein purification method, 

and catechol side chains of DOPA were oxidized into quinones by alkaline condition. The fusion proteins 

were physically crosslinked above the transition temperature of EBPs, forming into hydrogel networks. 

Moreover, the crosslinked hydrogel exhibited strong adhesion properties under wet condition via covalent- 

and noncovalent interactions between DOPA and surface molecules. In conclusion, the stimuli-responsive 

and surface-adhesive fusion protein hydrogels would be potential for biomedical applications. 
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Genetically Engineered Fusion Protein Nanocages for Nanomedicine 

Applications 
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Various protein-based nanostructures for advanced drug delivery systems are of growing interest to treat 

cancer and other diseases. In this study, we report self-assembled nanocages of genetically engineered 

fusion proteins, which were composed of penta-helices for self-assembly, elastin-based polypeptide (EBP) 

with stimuli-responsiveness and receptor targeting peptides to inhibit the cell growth. Fusion protein 

nanocages were formed by self-assembly of penta-helices with four long helical bundles and short α-helix 

at two exposure sites. Especially, two different receptor-targeting peptides in the exposure sites and 

thermally responsive EBP of fusion proteins played major roles as active targeting and non-

chromatographic purification tags. The fusion proteins were genetically engineered, expressed and purified 

by inverse transition cycling. Their thermal-sensitivity and self-assembly were characterized by UV-Vis  

absorbance, dynamic light scattering, transmission electron microscopy. This work suggests that 

genetically engineered fusion protein nanocages would be promising for advanced drug delivery systems 

and diagnostics. 
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Black to Transmissive Switching Electrochromic Polymers 
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Electrochromism represents the reversible color change of materials in an electrochemical device by 

controlling their redox states according to the application of potential. These properties of electrochromic 

(EC) devices have attracted much attention in that they can be applied to smart windows, displays, 

electronic paper and mirrors. Particularly, as interest in smart windows has expanded, there has also been 

a growing interest in black electrochromic polymers (ECPs). As the critical optical band gap of the ECPs  

could be originated from the combination of monomer structures and degree of polymerization, 3,4-

propylenedioxythiophene (PR) was modified with two other monomers that ultimately control the bandgap 

of the final ECPs. Synthesis, EC properties, and calculation for orbital energies of black colored EC 

polymers will be presented. 
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Copolymer for Narrow Band Green-Selective Organic Photodiode 
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A new donor−donor copolymer was synthesized for narrow band green-selective organic photodiode 

application. Thanks to well-defined intramolecular conjugation and inhibited intermolecular interaction of 

new polymer compared to its donor−acceptor type analogues, new polymer revealed narrow band green-

selective absorption peak at 510 nm with low full width at half-maximum value of 98 nm. In addition, deep 

ionization energy of new polymer, as confirmed by photophysical analyses, made it less susceptible to 

oxidational degradation. Green-selective organic photodiodes (OPDs) were fabricated utilizing new 

polymer as a green absorbing donor material and ZnO as a nonabsorbing acceptor material. 
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Molecular Insight into the Potential Application of Aziridines for 

Resin: Diaziridine-based Resins Can Overcome Limitations of Epoxy 
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Hyo Jae Yoon* 

 
Department of Chemistry, Korea University, Korea 

  

Increased complexities in applications involving curable materials virtually need new materials that can 

overcome the limitations of existing ones. Resins, the structure of which is based on bisphenol A backbone 

terminated with three membered N-heterocycles—aziridines—have been synthesized, and their thermal-

curing performance in solution and solid-state was evaluated by NMR and FT-IR spectroscopies, 

differential scanning calorimetry, and single lap shear strength test, and compared with that of analogous 

epoxy resin (diglycidyl ether of bisphenol A; DGEBA). Results reveal that the chemical reactivity of the 

aziridine-based resins is fine-tunable by controlling the N-substituent of aziridine. These resins can undergo 

ring-opening polymerization in the presence of various curing agents under unprecedentedly mild  

conditions and show remarkably rapid curing rate, wide substrate scope and excellent chemoselectivity, as 

compared to the analogous epoxy resin. Our results demonstrate superb curing ability of aziridine making  

it promising for applications in materials and polymer sciences. 
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Organic Photovoltaic Devices 
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To improve the device performance of OPVs, studies have been performed on increasing the photovoltaic 

parameters, including the open circuit voltage(Voc), the short circuit current (Jsc), and the fill factor (FF). 

Each factor can be affected by the intrinsic properties of a new donor-acceptor copolymer, which is involved 

in an energy level arrangement and charge carrier mobility, etc. Thus, the molecular structure of a donor-

acceptor (D-A) copolymer must be designed correctly. For the efficient molecular design of a D-A 

copolymer, we focused on the thieno [3,4-c]pyrrole-4,6-dione (TPD) unit. Therefore, we synthesized 

donor-acceptor copolymer, which is composed of phenanthro[1,10,9,8-cdefg]carbazole as the donor unit 

and a TPD unit as the acceptor. 
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Plasma-treated Polymeric Nanofibers for High-efficiency PM2.5 

capturing 
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Particulate matter (PM) pollution is serious human health issue. Various filter technologies have been 

developed to improve the air filtration efficiency. Recently, nanofibrous membrane filters have received 

much attention due to its outstanding transparency and high efficiency for PM≤2.5μm (PM2.5) 

capture/removal compared to conventional micro-structured filters. Although these filters provide high-

efficiency PM2.5 capture, obtaining strong PM adhesion via surface engineering remains a challenge. In this 

study, we demonstrate a high efficiency PM2.5 capture air-filter by electrospun polyacrylonitrile nanofibers 

(EPNFs). The surface of the EPNFs was modified by oxygen plasma treatment for generating functional 

groups such as CONH2, COOH and COOR. The EPNFs were utilized as air filter in hand-made PM 

removal system which is consisted of DC power supply, PM source, PM sensor and PM removal test 

chamber. The test result showed high air flow and effective air filtration (PM2.5 removal efficiency: 94.02%, 

pressure drop: 18Pa, Time to reach the PM level recommended by the World Health Organization  

(TWHO PM2.5): 15min, quality factor: 0.1564Pa−1) compared to commercial filters. The 

intermolecular interaction between the plasma-treated EPNFs (PEPNFs) and PMs was investigated by 

density functional theory (DFT) calculations. The PEPNF filter showed high long-term reproducibility in 

a cycle test with a high PM concentration (over 2,000μgm−3). The filter was applied as a car interior air 

purifier using a cigar jack as a power supply, ca. 16min was required to reach the PM level recommended  

by the World Health Organization (<25μgm−3). 
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by Doping Complex Refractive Index Materials 
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General photonic glasses are dielectric structures having short-range order and reflect specific wavelength 

of light corresponding energy of photonic bandgap (PBG). But photonic glasses show low reflectance and 

chroma and the breakthrough was needed to enhance optical properties. Some papers recently explain that 

imaginary part of RI also affects to formation of PBG. But until now, imaginary part of RI in artificial 

photonic crystals is not considered. So, we graft imaginary part of RI onto disordered photonic structures 

by doping absorbing materials and confirm that reflectance increase when absorption band of absorbing 

materials and PBG of photonic structures are matched. This result means absorption resonantly interacts 

with reflectance of disordered photonic structures. There were no reports of effect of absorber on optical 

properties enhancement. This study will suggest a new directions of photonic crystal fields and bring 

improvement of industrial application possibility. 
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Liquid-Liquid Equilibrium for toluene, heptane, and DES based on 

methyltriphenylphosphonium bromide 
 

Jiyeon Lee, Hyein Jeong, Yoonkook Park* 

 
Biochemical engineering, Hongik University, Korea 

  

Sulfolane, an ionic liquid, and a eutectic solvent are used as an extractable solvent in order to separate 

aromatic compounds, which are synthetic raw materials for petrochemical products, from hydrocarbon 

mixtures. In particular, eutectic solvents are environmentally friendly, and are clean solvents with many 

merits in the separation process because they are easy to manufacture. The synthesized eutectic solvent was 

composed of Methyltriphenylphosphonium(HBA) bromide and several other hydrogen bond donors(HBD). 

The cloud point of the binary system was analyzed to compare the affinity of the eutectic solvent for toluene 

and heptane. All samples for securing LLE data for the ternary system were prepared by mixing toluene, 

heptane, and eutectic solvents at different specific molar ratios. The prepared sample was sealed in a 20 ml 

vial, stirred for 3 hours, and subjected to a liquid-liquid phase behavior test at 20 ℃ and 40 ℃ in a water 

bath. Samples were separated into two phases under all conditions, and the compositions of the toluene and 

heptane for each phase were analyzed by using 300 Hz 1H-NMR. The triangulation is drawn using the 

obtained experimental data and the partition coefficient and selectivity are calculated from the tie-line data 

obtained from the experiment. 
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Manufacturing Process Development using by Papermaking Process 

for Low Density Compressed Sheet Gasket 
 

Sung Gee Kim 
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This research subject to replacement a low density compressed sheet manufacturing process, eco-friendly  

process system designing with goods development what used at industrial engine, automotive, pipeline 

applicable compressed jointing gasket. The gasket is defined as static seals that prevents leakage by fasten 

the bolts between the pressurized vessel or flanges. And a gasket is selected each of applicable condition 

depend on type of fluid, pressure, temperature with different shapes or materials. The current manufacturing  

method to make a compressed jointing gasket is to mixing with melting rubber to improve viscosity by 

organic solvent (toluene) with variety fiber and inorganic filler to increases filling the density. This 

compressed jointing manufacturing process suitable for satisfying properties such as tensile strength, 

density, compressibility, recovery, creep relaxation, maximum continuous temperature, resistance to fluid, 

and resistance to fuel. However, the gasket manufacturing method using solvent is not effective in terms of 

solvent recovery and workability. Recently, for foreign products, including advanced countries, the method 

of producing environmentally friendly solvent free products has been on the rise.This research is aim to 

development not only environmentally friendly production method by water and water-soluble binder 

without the use of organic solvents but also using a pulper what current exist papermaking process for 

securing the gasket manufacturing technique with dispersion of raw material, condense of slurry. By the 

different slurry density of paper and gasket, we study to find perfect condition at dewatering and dry 

condition to make sheet. And also, to find the optimize combination at material structure between lots of 

filler and fiber, the study proceeding and the analyzed. 
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Solvent-free single step synthesis of microporous carbons with optimal 

pore size for efficient CO2 adsorption 
 

Adeela Rehman, Soo-Jin Park* 
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Microporous carbon materials are envisaged as efficient contenders for mitigating CO2 level and global 

climate change by virtue of their rich surface chemistry, high specific surface area, tunable pore structures, 

moderate heat of adsorption, and facile regeneration. Current work presents a solvent-free one-step 

polymerization and activation approach for designing a series of microporous carbons using economically  

favorable avenue. Synthesized carbon materials possess a high surface area (1360-4288 m2/g), large pore 

volumes (1.15-3.04 cm3/g), and hierarchical meso-micro and ultramicroporous structures. These 

outstanding textural features along with the nitrogen-doping present an excellent gas adsorption 

performance with the uptake of 6.8 mmol/g (301 mg/g) of CO2 at 273 K and 1 bar. The high adsorption 

capacities with the facile regeneration make these microporous carbons amongst the most promising 

adsorbents in clean energy and environmental applications. 
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Facile condensation and activation strategy of melamine and 

isophthalaldehyde in a molten salt medium for efficient gas adsorption 
 

Adeela Rehman, Soo-Jin Park* 
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Microporous carbons with high specific surface area (around 3000 m2 /g) were prepared by a single all-in -

one route involving the simultaneous polymerization, carbonization and in situ activation of melamine and 

isophthalaldehyde mixture. It was revealed that carbon materials prepared at 700 oC, in the presence of 

KOH, exhibits a narrow pore-size distribution than those prepared in the presence of eutectic mixtu re. 

Additionally, MIK-700 possesses high micropore volume and as a result present an excellent CO2  

adsorption capacity of 9.7 mmol/g at 273 K and 1 bar. Similarly, the high specific area and pore volume 

contribute a major role in H2 storage at 77 K, exhibiting 4.0 wt. % up take by MIKN-800 (2984 m2/g and 

1.98 cm3/g specific surface area and pore volume, respectively). 
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Exploiting Schiff-base chemistry for designing the carbon materials as 

CO2 adsorbents 
 

Adeela Rehman, Soo-Jin Park* 
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Microporous organic polymers containing heteroatoms are considered as promising substrates for CO2  

capture and separation with a tangible effect on the atmosphere and clean energy applications. In the present 

work, we have reported a cost-effective strategy for designing a series of carbonized products by high-

temperature treatment of an imine and benzimidazole linked polymer (IBLP). The resulting materials  

exhibit a high surface area with narrow micropores. CO2 adsorption measurements reveal a notable uptake 

capacity up to 130.4, 98.4, and 87.5 mg/g at 273, 298, and 308 K, respectively, along with the high isosteric 

heats of adsorption (30.4 - 32.2 kJ/mol). Presence of micropores and heteroatom in the solid adsorbents 

with the high thermal stability accompanied with excellent CO2/N2 selectivity proclaimed the nitrogen-

enriched carbon as promising candidates for CO2 scrubbing technology. 
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Development of Anti-noise Mats for Noise Attenuation and Shock 

Absorption 
 

Jong Wook Lim, Ji hun Lee, Young Tae Park1,* 
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The noise problems in confined space such as apartment complexes have been recently recognized as a 

serious social problems. These kinds of social problems should be hurriedly solved in those serious 

situations. We have tried to develop mats for home that improve the characteristics of noise attenuation, 

shock absorption, friction reduction, and flame retardancy by compounding existing products with new 

functional materials. Typically, isobutene-isoprene rubber (or butyl rubber, IIR) was used in order to reduce 

the noise, harmlessness to human, and repulsion elasticity (or hardness), and also to increase flame 

retardancy. These experimental results and designs of test products will be reported. 
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Straightforward synthesis of sodium carboxymethyl cellulose 

nanocomposites reinforced by graphene oxide/CNTs complexes and 
their mechanical behaviors 
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Department of Chemistry, Inha University, Korea 

  

Sodium carboxymethyl cellulose (CMC) is used in various applications such as textile, paper, food, 

pharmaceuticals because of its useful characteristics including non-toxic, non-allergenic, and water-soluble 

properties.Graphene oxide (GO) and carbon nanotubes (CNTs) can be used as a suitable candidate to 

improving the mechanical properties of CMC film because of their extraordinary mechanical, electronic, 

and thermal properties. GO and CNTs can be dispersed in CMC matrix by adequate fabrication methods, 

resulting in graphene-based nanocomposites with superior mechanical properties.In this work, Sodium 

carboxymethyl cellulose/graphene oxide/carbon nanotubes (CMC/GCC) nanocomposites were prepared by 

a simple solution mixing-evaporation method as a function of CNT loading. As GO/CNTs complexes are 

formed, CNTs can be dispersed in water, indicating that the GO/CNT-filled CMC nanocomposites are 

prepared environmentally friendly. X-ray diffraction and scanning electron microscopy were used to 

investigate the structural properties and morphologies, respectively. The mechanical properties of 

CMC/GCC nanocomposite films were measured by universal testing machine. Compared with pure CMC 

film and CMC/GO nanocomposite film, it was found that the mechanical properties of CMC/GCC 

nanocomposite films were enhanced by addition of CNTs. 
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Synthesis of polyehthyleneimine-modified titanate nanotubes for CO2 

capture and separation under flue gas condition 
 

Young-Jung Heo, Soo-Jin Park* 
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1Amine-modifiedadsorbents have been interested due to their excellent performance on carbon dioxide 

(CO2) capture. In this work, we have prepared titanate nanotubes (TNTs) with amine modification using 

polyethyleneimine (PEI) for selective CO2 capture under flue gas condition. TNTs have prepared by 

hydrothermal reaction, and PEI-functionalized TNT (TNT-P) have prepared by wet impregnation method. 

The strong CO2 affinity through proper amine modification of TNTs-P allow for selective and favorable 

CO2 adsorption onto adsorbents. To calculate CO2/N2 selectivity, CO2 and /N2 adsorption isotherms were 

applied Langmuir model. Furthermore, the multi-component CO2 adsorption performances were 

investigated by the gravimetric method under flue gas (15% CO2 in N2 as gas condition in fossil fuel power 

plants). The highest CO2/N2 selectivity of 82 and CO2 uptakes for CO2/N2 (15:85) gas mixture of 3.15 wt% 

are attained at 313 K. This result suggests that TNT-Ps is a promising adsorbent for the challenges of current 

CO2 capture and separation technologies and can provide a development strategy for amine-modified  

adsorbents. 
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Lithium recovery process of highly porous carbon materials derived 

from polythiophene 
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In this work, the highly porous carbons (PCs) were derived from polythiophene (PTh). PCs were prepared 

by chemical activation with potassium hydroxide (KOH). The lithium adsorption experiments were carried  

out to analyze the influence of porous texture properties changed by the chemical activation of PCs on 

adsorption rate. From the experimental results, it was observed that the extent of adsorption process depends 

on the oxygen and sulfur group increases. Consequently, it could be noted that lithium ion recovery 

behaviors are greatly influenced by the surface functional groups and textural properties of PCs surfaces, 

resulting in enhanced electron acceptor-donor interaction at interfaces. 
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Influence of ultra-micropore and determination of optimal pore size on 

hydrogen storage behaviors from chemically activated ketjenblack 
 

Young-Jung Heo, Soo-Jin Park* 
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In recent years, nanoporous materials with high specific surface areas and porosity have been developed to 

meet the commercial demands of hydrogen storage systems. Ketjenblack (KB) materials are of great 

interest because of their lower oxygen content, robust, and higher porosity when compared to other porous 

carbon materials. In this work, we used KB as carbon materials for the production of porous carbon by 

chemical activation with KOH. Activated Ketjenblack (AKB) materials have high specific surface areas 

(up to 1891 m2 g-1) and various pore sizes (0.46–0.66 nm) in the ultramicropore range. The textural 

properties of these materials depend strongly on their activation parameters, particularly the KOH/carbon  

mass ratio. These AKBs achieved hydrogen storage capacities of up to 2.1 wt.% at 1 bar and 77 K, and 

large heat of adsorption values of up to 8.7 kJ mol-1. The interaction between hydrogen and the carbon 

surface was more closely related to the porosity than to the surface oxygen content. Among the textural 

properties of the samples, the pore size and volume were found to be the key factors affecting hydrogen 

adsorption. 
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3-dimensional graphene-based carbon frameworks prepared from 

bisolvent medium and their application in supercapacitors 
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Graphene oxide (GO), carbon nanotubes (CNTs), and graphene have been employed to a diverse fields 

owing to their outstanding characteristics. However, such graphene-based materials are hard to be utilized  

as active materials in supercapacitor due to their few drawbacks such as restacked graphene layers resulting 

in blocking electrolyte pathway. To solve these problems, CNTs plays an important role as not only the 

spacers but also electrical pathway which can enhance the electrical conductivity.In the present work, 

sponge-like graphene oxide/carbon nanotubes foam (SGCF) was prepared through sonication and freeze-

dry process of GO/CNT dispersion in water-ethanol medium. The as-prepared SGCF possesses holey 

structure, leading to providing highly effective electrolyte pathway. Reduced SGCF (rSGCF) which can be 

used as electrode in supercapacitor can be prepared by annealing the SGCF without distinct deformation. 

The characterization of SGCF and rSGCFs was analyzed by X-ray diffractometer, transmission electron 

microscopy and scanning electron microscopy. The electrochemical measurements of rSGCF were 

performed by cyclic voltammetry, galvanostatic charge-discharge, and electrochemical impedance 

spectroscopy. The rSGCF electrode possesses excellent rate capability and cycling stability owing to its 

high electrical conductivity and superior structural stability. 
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Synthesis of nitrogen-containing porous carbon materials by pyrolysis 

and activation for supercapacitor electrodes 
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Nitrogen-doped porous carbon was prepared by carbonization of poly(vinylidene fluoride) (PVDF) using 

polypyrrole (PPy) as a selective nitrogen source at 800oC (microporous carbon, MC) and KOH activation 

(activated MCs, A-MCs). The crystal structure and morphologies of MC and A-MC were investigated by 

X-ray photoelectron spectroscopy and scanning electron microscopy. The porous texture of the samples 

prepared was analyzed at 77 K for N2 adsorption and 87 K for Ar adsorption. The electrochemical behaviors 

of samples were performed by cyclic voltammetry and galvanostatic charge-discharge cycling. It was found 

that A-MC 2 (with a KOH:carbon ratio of 2) exhibits excellent specific surface area, micropore volume, 

and specific capacitance. 
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Inhibiting Nonradiative Decay Pathway in Highly Phosphorescent 

Iridium(III) Complexes 
 

Jin-Hyoung Kim, So-Yoen Kim, DAE WON CHO, Chul Hoon Kim, Sang Ook Kang, Ho-
Jin Son* 
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In order to understand the intrinsic nature of nonradiative processes in heteroleptic cyclometalated Ir(III) 

complexes, highly phosphorescent Ir3+ complexes containing 2-(2-sulfonylfluorophenyl)pyridine 

(ppySO2F) as the cyclometalated ligand were newly synthesized. Three ancillary ligands, acetylacetonate 

(acac), picolinate (pic), and tetrakis-pyrazolyl borate (bor), were employed for the preparation of the Ir(III) 

complexes [Ir(ppySO2F)2(acac)] (Ir-acac), [Ir(ppySO2F)2(pic)] (Ir-pic), and [Ir(ppySO2F)2(bor)] (Ir-bor). 

The molecular structures were characterized by X-ray crystallography. Blue phosphorescence maxima were 

observed at 458, 466, and 478 nm for Ir-bor, Ir-pic, and Ir-acac, respectively, at 77 K, and the corresponding 

emission quantum yields were determined to be 0.79, 0.80, and 0.98 in anaerobic CH2Cl2 at 300 K. 

Additionally, the phosphorescence decay times were measured to be 1.27, 2.11, and 3.58 μs for Ir-bor, Ir-

pic, and Ir-acac, respectively. No temperature dependence was observed for the emission lifetimes in 298-

338 K. These results indicate that there is no activation barrier to crossing to a nonradiative state like metal-

centered (MC, d-d) state. The radiative rate constants (kr) are within a narrow range of 3.0–5.5 × 10-5 s-1. 

However, the nonradiative rate constants (knr) are within a wide range of 14.2–0.52 × 10-4 s-1. The knr 

values showed linear correlation with the energy gap. We carried out ab initio calculations to evaluate the 

energy states and their corresponding orbitals. The nonemissive MC states lie at higher energies than the 

emissive MLCT state, hence the MC states can be excluded from the nonradiative pathway. 
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Photophysical Properties of Isomeric N-heterocyclic Carbene Ir (III) 

Complexes and Its Application to Blue Phosphorescent OLEDs 
 

So-Yoen Kim, Jin-Hyoung Kim, JEONG WAN YU, Chul Hoon Kim, Sang Ook Kang, Ho-
Jin Son* 
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Two isomeric N-heterocyclic carbene Ir(III) complexes, f-Ir-(dbfmi)3 and m-Ir-(dbfmi)3, were isolated and 

their systematic investigation on photophysical and electrochemical properties was carried out. Among 

them, the crystal structure of the meridional isomer, m-Ir-(dbfmi)3, is determined. The origin of 

phosphorescent emissions differs depending on the configurations of the two isomers. Both isomers, f-Ir-

(dbfmi)3 and m-Ir-(dbfmi)3, showed efficient emission in dichloromethane solution with quantum yields of 

68% and 53%, respectively, due to unusual properties of the N-heterocyclic carbene (NHC) ligand; –that 

is, the complexes possess a strong metal–ligand bond that destabilizes the non-radiative metal centred 

ligand-field states. Depending on their configurations, the two isomers showed slightly different excited  

states. Even though both isomers possess a largely 3LC character mixed with the 3MLCT character in their 

excited states, m-Ir-(dbfmi)3 showed higher 3MLCT character as evidenced by the solvent polarity 

dependence emission spectra and emission lifetime. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: IND.P-15 

Area: Industrial Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Synthesis, Structure, and Photophysical Properties of 

phenylimidazolinato iridium complexes: Inhibiting d-d deactivation 
pathway of Ir(III) complexes with bulky terphenyl substituents 

 

So-Yoen Kim, Jin-Hyoung Kim, Chul Hoon Kim, Sang Ook Kang, Ho-Jin Son* 
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Series of six terphenyl-modified phenylimidazolinato Ir(III) complexes with various substituents at 4-

position of phenyl ring and 5-position of terphenyl ring were prepared. We have come up with the idea of 

implementing sterically bulky ligand that can help the metal-centered triplet state unstable; this brings us 

to use the terphenyl ligands. It was found that the bulkiness control of substituent on imidazole ring plays 

an important role in emission behavior of Ir-complexes. For example, the iridium complexes bearing bulky 

terphenyl group exhibited higher quantum yield. We performed theoretical quantum chemical calculations 

and measured experimental temperature dependent emission lifetime to explain the importance of bulky 

substitution in designing blue emissive Ir(III)-complex. Implications of the present observations and 

mechanism are discussed in detail. 
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Preparation of hydrogel lens material by room temperature 

polymerization 
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The main components of the polymerized hydrogel lenses at room temperature are 2-hydroxyethyl 

methacrylate (HEMA), distilled water and surfactants. Ethylene glycol dimethacrylate (EGDMA) was used 

as a lenses crosslinking agent differently depending on the kind of the sample. And also ammonium 

persulfate (APS) as an initiator was added to about 0.3%(wt). As a catalyst, about 2%(wt) of N,N,N’,N’-

tertamethylethylenediamine (TMEDA) was used. The hydrogel polymer was manufactured by using room 

temperature polymerization process and the measurement results of physical properties showed that contact 

angle of sample was in the range of 71.47~44.82°. The wettability was higher than that of heat treatment. 

Also the light transmittance was 90.24~94.28% for the visible light region, 68.63~85.79% for the UV-B 

region and 86.88~92.24% for the UV-A region respectively. The produced copolymer by room temperature 

polymerization was suitable for hydrogel ophthalmic lens. 
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The Synthesis and Characterization of Highly Soluble Scarlet Acid 

Dyes for Digital Textile Printing 
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Digital textile printing (DTP) is a process of printing a pattern or image directly designed on a fabric by 

using an ink-jet injection method. The inks for DTP can be classified into a water-soluble ink and a solvent 

ink depending on the kinds of fibers used. Digital textile printing has many advantages as follows. Firstly, 

It shortens the whole process time due to the elimination of screen plate manufacturing process. Secondly, 

it is an eco-friendly textile printing process that can reduce the environmental pollution such as waste-water. 

Finally, It is ideal for short runs, customized designs, and one of a kind prints. In this study, we designed 

and synthesized four scarlet acid dyes and two red acid dyes that have high color strength and color purity. 

We also found the suitable ink formulation recipes in order to apply the synthesized dyes for high-speed 

DTP. They were modified from perylene precursors, respectively. The perylene dyes have high tinctorial 

strength and superior light / heat stability. In order to improve the low water solubility of perylene dyes, 

sulfonic acid groups were introduced at the bay positions of perylene moiety. In addition, the different  

functional groups were introduced at the terminal positions of the perylene moiety for improving the light 

fastness and the optical properties of the dyes. For preparing red acid dyes, di-PhO-PDI and tetra-PhO-PDI, 

we tuned the color by connecting two or four phenol conjugation and sulfonic acid group on the bay position 

of the scarlet dye, 4b, respectively. 
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Influence of electroless nickel plating on electromagnetic interference 

shielding effectiveness and tensile properties of copper-
polyacrylonitrile fibers 
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In this study, highly conductive Ni/Cu-polyacrylonitrile (PAN) fibers were prepared by electroless nickel 

plating on Cu-PAN fibers. In addition, the electromagnetic interference (EMI) shielding properties of the 

Ni/Cu-PAN fibers were investigated by varying the nickel plating time. The surface morphology of the 

Ni/Cu-PAN fibers was observed with a scanning electron microscope (SEM) in order to determine its 

surface properties and the volume resistivity of the samples was measured by using a four-point probe 

electrical resistivity tester to evaluate its electric properties. The electromagnetic interference shielding 

effectiveness (EMI-SE) was tested by a EMI shielding analyzer. Tensile test of the Ni/Cu-PAN were 

conducted using a universal test machine (UTM). The EMI-SE of Ni/Cu-PAN fibers was much improved  

compared with that of the as-received CuS-PAN fibers. In addition, the EMI-SE was found to increase as 

the nickel-plating time increased and the largest EMI-SE of about 45 dB was achieved at 2.15 GHz. Thus, 

it was found that the nickel plating time was a key factor in determining the EMI-SE of Ni/Cu-PAN fibers. 
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Impact Behaviors of Biodegradable Epoxy-reinforced with Epoxidized 

Soybean Oil 
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Epoxidized soybean oil (ESO) was synthesized to improve the biodegradability and impact behaviors of 

the diglycidyl ether of bisphenol-A (DGEBA). The ESO was characterized using Fourier transform infrared  

(FT-IR) spectroscopy and gel permeation chromatography (GPC). DGEBA was blended with ESO contents 

from 10 to 50 wt% to obtain a modified network. DGEBA and the DGEBA/ESO blends were characterized  

by their biodegradability, thermal properties, and fracture toughness. The thermal properties of the 

DGEBA/ELO blends were investigated using differential scanning calorimetry (DSC). The impact  

behaviors of the DGEBA/ESO blends was studied by measuring the charpy impact energy. The 

morphologies were observed by scanning electron microscopy (SEM). The thermal property results 

confirmed that the crosslinking density of the epoxy networks decreased. The impact strength of the 

DGEBA/ESO blends was significantly improved with the addition of ESO owing to the reduced cross-

linking density of the epoxy network. 
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EMI shielding effectiveness and mechanical properties of 

CNTs/biodegradable epoxy composites 
 

Yoon-Ji Yim, Soo-Jin Park* 
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Biodegradable epoxy (B-epoxy) was prepared from diglycidyl ether of bisphenol A and epoxidizedlinseed  

oil. The mechanical properties of B-epoxy composites reinforced with multi-walledcarbon nanotubes 

(MWCNTs/B-epoxy) were examined by employing dynamic mechanicalanalysis, critical stress intensity 

factor (KIC) tests, and impact strength tests. The electromagneticinterference shielding effectiveness (EMI-

SE) of the composites was evaluated using reflectionand absorption methods. Mechanical properties of 

MWCNTs/B-epoxy were enhanced with anincrease in the MWCNT content, whereas they deteriorated 

when the MWCNT content was >5parts per hundred resin (phr). This can likely be attributed to the 

entanglement of MWCNTs witheach other in the B-epoxy due to the presence of an excess amount of 

MWCNTs. The highestEMI-SE obtained was ~16 dB for the MWCNTs/B-epoxy composites with a 

MWCNT contentof 13 phr at 1.4 GHz. The composites (13 phr) exhibited the minimum EMI-SE (90%) 

when usedas shielding materials at 1.4 GHz. The EMI-SE of the MWCNTs/B-epoxy also increased with  

anincrease in the MWCNT content, which is a key factor affecting the EMI-SE. 
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Preparation of organic acid metal salt and SEM type analysis 
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The metal salts of various organic acids were prepared and their morphologies were examined under the 

scanning electron microscope. It was observed that the metalated organic acids (decanoic, stearic and 12-

hydroxystearic) have more branched thread-like clusters than the organic acids themselves. Of all the metal 

salts of various organic acids prepared, the lithium 12-hydroxystearate (Li-HSA) proves to be the most 

similar in morphology to the reticular structure that is known to be suitable for a proper thickener in grease 

formulation. 
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Solvatochromic and Dual Emissive Properties of Phosphorescent 
Iridium(III) Cyclometalates Bearing Tethered ortho-Carborane 
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Two alkylene-tethered [R-(CBdfppy)2IrX] complexes (R = 1,6-hexanediyl, CB = o-carboran-1-yl; dfppy = 

2-(2,4-difluorophenyl)-pyrid inato-C2,N; X = picolinate (pic) (1) and acetylacetonate (acac) (2)) with 2-R-

substituted o-carboranes at the 5-position in the phenyl ring of the dfppy ligand were prepared and 

characterized by X-ray diffraction studies and spectroscopic analyses. Resulting from the crystal structure 

of both complexes, carboranyl C‒C bond distances is comparable to that of the corresponding unlinked 

complexes and torsion angles between difluorophenyl and carboranyl C‒C bonds reflected the existence of 

π(dfppy)-σ*(C‒C) interactions. The phosphorescence efficiency of alkylene-linked complexes was higher 

than those of the unlinked compounds, indicative of restricted carborane rotation by alkylene chain. In 

addition, the efficiency varied from highly blue emissive (ΦPL= 0.92 (1) and 0.87 (2) in toluene) to poorly 

red emissive (ΦPL < 0.01 in DMF) depending on the dielectric constant of solvents. Interestingly, the 

compound 1 exhibited white emission in 1,2-dichloroethane by dual emission in the high and low energy 

regions, respectively derived from solvatochromism. 
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Photophysical Properties of closo- and nido-Carborane-Acceptor 

Compounds and Their Application to Fluoride Sensing 
 

NGHIA NGUYEN, SURENDRAN SUJITH, Heechai Lee, AJAY KUMAR, Min Hyung 
Lee* 

 
Department of Chemistry, University of Ulsan, Korea 

  

A family of neutral and anionic carboranyl derivatives of 1,3,4-oxadiazoles (closo-/nido-OXD) and 

sulfones (closo-/nido-DPS) were prepared and fully characterized. While the closo-compounds were poorly 

emissive in THF, the corresponding nido-compounds exhibited intense emission with high quantum yields 

(ΦPL = 0.30-0.45). The results suggested that the nonemissive nature of closo-compounds can be ascribed 

to the contribution of o-carborane to the LUMO in the S1 excited state and the intramolecular charge transfer 

(ICT) state from the nido-carborane to acceptor moieties is responsible for the efficient fluorescence in 

nido-compounds. The addition of fluoride to the THF solution of closo-OXD and -DPS led to strong 

emission, allowing turn-on fluorescence detection of fluoride anions. Furthermore, the nido-compounds in 

solid states exhibited highly efficient ICT emissions (ΦPL = 0.46-0.75), demonstrating that nido-carborane 

acted as an good donor due to its strong electron-donating properties. 
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Lee* 

 
Department of Chemistry, University of Ulsan, Korea 

  

A family of neutral and anionic carboranyl derivatives of 1,3,4-oxadiazoles (closo-/nido-OXD) and 

sulfones (closo-/nido-DPS) were prepared and fully characterized. While the closo-compounds were poorly 

emissive in THF, the corresponding nido-compounds exhibited intense emission with high quantum yields 

(ΦPL = 0.30‒0.45). The results suggested that the nonemissive nature of closo-compounds can be ascribed 

to the contribution of o-carborane to the LUMO in the S1 excited state and the intramolecular charge transfer 

(ICT) state from the nido-carborane to acceptor moieties is responsible for the efficient fluorescence in 

nido-compounds. The addition of fluoride to the THF solution of closo-OXD and -DPS led to strong 

emission, allowing turn-on fluorescence detection of fluoride anions. Furthermore, the nido-compounds in 

solid states exhibited highly efficient ICT emissions (ΦPL = 0.46‒0.75), demonstrating that nido-carborane 

acted as an good donor due to its strong electron-donating properties. 
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Novel Tin Precursors for Atomic Layer Deposition of Tin Oxide Thin 

Films 
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Oxide semiconductor materials have attracted considerable interest over the past decade as ideal candidates 

for thin film transistors (TFTs), gas sensors, lithium batteries, and solar cells and various other applications. 

In particular, p-type tin(II) monoxide (SnO), is regarded as an important material in electronics owing to 

its wide optical band gap energy (2.7-3.0 eV), highlighting the possibility of completely transparent 

electronic devices. Moreover, SnO based TFTs currently hold the record field effect mobility of ~6.75 

cm2/V∙s and Hall mobility of ~18.71 cm2/V∙s. On the other hand, n-type tin(IV) dioxide (SnO2) with a 

bandgap of ~3.6 eV, excellent optical, electrical, and chemical properties is a derivative of SnOx. SnO2 is 

transparent under visible light and its resistivity can vary over a wide range. Doped SnO2 films can also be 

applied as transparent conducting electrodes in photovoltaic cells. Generally, chemical vapor deposition 

(CVD) and atomic layer deposition (ALD) are required for uniform and conformal thin film growth. In 

these methods, the most important thing is the precursor because the deposition process can be changed by 

precursors. Herein, we synthesized novel tin complexes as potential precursors for ALD. The resulted 

complexes were characterized by various analysis equipments such as nuclear magnetic resonance (NMR), 

elemental analyses (EA), thermogravimetric analysis (TGA), and single crystal X-ray diffraction. 
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Pd(II) and Pt(II) five-membered complexes consisting of organic 

isocyanate dimer units 
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Novel five-membered Pd(II) and Pt(II) complexes consisting of organic isocyanate dimer units were 

obtained from Pd(olefin)L2 or Pt(olefin)L2 with two equivalent or excess amounts of organic isocyanate. 

Chemical reactions or catalytic properties of the isolated complexes with various nucleophiles or excess R-

NCO were performed. Experimental details will be discussed. 
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Shape and composition effects for electrochemical property of 

palladium catalyst for ethanol oxidation 
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Polymer electrolyte membrane fuel cells (PEMFCs) have high efficiency and environment-friendly  

compared other cells. Palladium catalysts have significant properties at ethanol oxidation reaction of anode 

fuel oxidation reaction in PEMFCs. It is correlated the transition metal electronic structure and well-known 

forms of volcano curve. In addition, controlling catalysts shape and composition at nanoscale enhanced 

efficiency of palladium catalysis. shape effect is controlled particles shape and crystalline that changes 

surface area and energy, and composition effect changes electronic structure and interaction of a reactant 

in the electrode reaction to catalysts. These control effects expect improvement of palladium 

catalysis.Herein, palladium nanoparticles and sulfidation of pre-formed palladium nanoparticles using a 

facile synthesis method, measured different shapes and electrocatalysis properties for ethanol oxidation  

reaction. 
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Growth of Cu2O nanocubes on MoS2 nanosheets in solution for 

photocatalytic property 
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The controlled synthesis of nanohybrids composed of noble metals and metal oxides have received 

considerable attention for applications in photocatalysis, solar cells, drug delivery, surface enhanced Raman  

spectroscopy, and various important areas. Among various metal oxides, cuprous oxide (Cu2O), an 

important p-type semiconducting material with a unique optical and electrical property, is an appealing 

candidate for solar energy conversion, sensors, photo-catalytic degradation, and coherent propagation of 

excitons. In addition, it has an attractive property to absorb visible light region.Two-dimensional 

semiconductors such as MoS2 are an emerging material family with wide-ranging potential applications in 

electronics, optoelectronics, and energy harvesting. MoS2 is easy to use in nanotechnology and can be 

made as a single layer. The MoS2 of the single-layer has a high surface area, which improves the 

photocatalytic and photovoltaic efficiency in visible light region.Herein, we have developed a facile  

synthetic method for the preparation of cuprous oxide nanocubes on molybdenum disulfide nanosheets. 

These are used for hydrogen production by water splitting. The new heterostructure materials have better 

catalytic activity than conventional ones. 
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Nanocubes 
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Palladium(Pd) is one of the major noble metal used as an electrocatalyst. Palladium is a good element to 

replace platinum(Pt), which is relatively expensive and now has small reserves. Palladium is also used for 

medicine, groundwater treatment, hydrogen purification, electrical and chemical applications. It is also used 

as a catalytic converter and a key component of fuel cells. Palladium-based nanoparticles exhibit better or 

different properties than palladium nanoparticles. For example, we can change the unique property of 

palladium by inserting inorganic compound. In this experiment, we used boron as the inorganic compound. 

Boron which is the only metalloid element among 3A groups is light and small. The insertion of boron 

causes the structure of palladium to change. Therefore, it appears different characteristics to palladium 

single nanoparticles. 
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Oxidation Reaction 
 

Hyung Bo Shim, Kyung Soo Kim1, Jong Wook Hong2,* 

 
University of Ulsan, Korea 

1Department of Chemistry, University of Ulsan, Korea 
2Chemistry, University of Ulsan, Korea 

  

PEM fuel cell is making a promising candidate as the next generation power sources for vehicle and other 

mobile applications of all sizes down to mobile phones, because of its compactness. The world-wide 

commercialization of PEM fuel cells has not yet gotten accomplished. The greatest barriers are durability  

and expense. Considering durability, fuel cell components receive degradation during long-period 

operations.To overcome the barriers and maintain high fuel-cell efficiency, catalyst layer must be identified  

and developed. There are various ways for changing the catalyst characteristics. Although in most instances 

there is no significant interaction between the metal and the substrate, strong bonding can be proved in a 

recently discovered class of supported-metal catalysts. This, in turn, cause many changes in the catalytic 

and chemisorption characteristics and the morphology of the metal particles. However, the property was 

not well known when the same amount of metal was loaded on various supporting materials. Because there 

are few examples researched in detail, we have synthesized monodisperse palladium nanoparticles 

dispersed on various supporting materials, and to prove change of catalytic characteristics by supporting 

material, we compared them by electrochemically measuring them with formic acid. 
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Macroporous carbons have recently attracted much attention due to their high accessible surface area and 

capability of supporting fast mass transport and diffusion. Although ordered macro- and mesoporous 

carbons are commonly synthesized using templates such as silica and polymer beads, metal-organic 

frameworks (MOFs) have recently been identified as promising porous carbon precursors ena-bling the 

template-free synthesis of nanoporous carbons via thermolysis. Herein, we report a template-free synthesis 

of micro-macroporous carbons having an adamantine-like frame, utilizing surface-selective wet-chemical 

etching of rhombic dodecahedron ZIF-8 crystals to produce macroporous ZIF-8 with four openings and 

walls, which was subsequently pseudomorphically converted into the de-sired micro-macroporous 

nitrogen-doped carbons (mM-NC). Compared to microporous carbons (m-NC), the thus prepared 

macropore-tuned carbon frames were superior adsorbents of large dyes such as rhodamine B (RhB), congo 

red (CR), and methylene blue (MB) in terms of both kinetics and thermodynamics. 
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layered hybrid perovskite type (C6H5CH2CH2NH3)2MnCl4 
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The layered perovskite compounds (C6H5CH2CH2NH3)2MeCl4 (Me = Cu2+, Mn2+, Fe2+) show a various 

crystal structures due to the combination of N-H…Cl hydrogen bonds and the motion of C6H5-CH2-CH2 -

NH3 organic molecules [1, 2, 3]. To understand the relationship between magnetic behaviors and the crystal 

structures and also to deliver the exact hydrogen bond scheme, we have investigated the crystal structures 

not only by X-ray single crystal diffraction method but also by neutron single crystal diffraction technique. 

In this study, we will show a crystal structure of (C6H5CH2CH2NH3)2MnCl4 obtained from neutron 

diffraction and compare this result with (C6H5CH2CH2NH3)2CuCl4 and also discuss the domain structures 

[4].  

 

Reference 

[1] A. O. Polyakov et al., Chem. Mater., 24 (2012) 133. 

[2] S. H. Park et al., Dalton Trans., 41 (2012) 1237. 

[3] Y. Nakayama et al., Angew. Chem. Int. Ed. 56 (2017) 1. 

[4] G. Park et al., (2018) in preparation. 
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Group-Subgroup relation: Valuable tool for a crystal structure 

determination 
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Nowadays crystal structure determination using X-ray single crystal diffraction method has become a 

routine work. To understand physical properties such as ferroelectrics, piezo-, pyroelectrics, ferroelastics 

and so on, the correct crystal structure information is crucial. But unfortunately, many wrong crystal 

structures have been reported mainly due to the automation of the data collection procedure and also due 

to the lack of the consideration of symmetry. In this work, we will present some crystal structures which 

show an interesting physical property but the crystal systems are not correctly determined or the 

characteristics of the domain built through the phase transition is wrong. 
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The surface modification of SiO2 for enhancement of photo-efficiency 

and color uniformity of Light-emitting diode(LED) 
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The photo-efficiency and color uniformity of light-emitting diode (LED) with phosphor was enhanced by 

adding SiO2 particles. The SiO2 particles was employed for the light-scattering effect in encapsulant. To 

improve the dispersion stability and to prevent the agglomeration of SiO2 particles, the surface property of 

SiO2 was controlled by using the various silanes, which have different main carbon chain length. After 

SiO2 surface modification, The photo-performance of LED PKG with modified SiO2 particles could be 

successfully enhanced. 
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The structure of concanavalin A (ConA) has been studied intensively due to its specific interactions with 

carbohydrates and its heterometal (Ca2+ and Mn2+) coordination. Biophysical studies on ConA and 

pathogen glycoproteins have provided details on their interactions for the field of diagnostic microbiology, 

and these studies can be extended for detecting and estimating the concentration of viruses. Studies on the 

structure of ConA from Canavalia ensiformis, the jack bean, have demonstrated crucial details, including 

interaction residues such as hydrogen bonds and salt-bridges with carbohydrates. Reports have shown that 

heterometal ions, including manganese and calcium ions, are crucial for this interaction with  

carbohydrates.Most structures from X-ray crystallography have shown ConA as a dimer or tetramer, 

because the complex formation requires specific crystallization conditions. Here, we reported a monomeric 

structure of ConA with a resolution of 1.6 Å, which revealed that metal coordination could trigger sugar 

binding ability. The calcium coordination residue, Asn14, changes the orientation of carbohydrate binding 

residues and biophysical details, including structural information, providing valuable clues for the 

development and application of detection kits using ConA. 
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Structural analyses of zinc finger proteins for specific interaction 
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Zinc finger proteins are among the most extensively applied metalloproteins in the field of biotechnology 

due to their unique structural and functional aspects as transcriptional and translational regulators. The 

classical zinc fingers are the largest family of zinc proteins and they provide critical roles in physiological 

systems from prokaryotes to eukaryotes. Two cysteine and two histidine residues (Cys2His2) coordinate to 

the zinc ion for the structural functions to generate a ββα fold, and this secondary structure supports specific 

interactions with their binding partners including DNA, RNA, lipids, proteins, and small molecules. In this 

presentation, the structural similarity and differences of well-known Cys2His2 type zinc fingers such as 

zinc interaction factor 268 (ZIF268), transcription factor IIIA (TFIIIA), GAGA, and Ros will be explained . 

These proteins perform their specific roles in species from archaea to eukaryotes and they show significant 

structural similarity; however, their aligned amino acids present low sequence homology. These zinc finger 

proteins have different numbers of domains for their structural roles to maintain biological progress through 

transcriptional regulations from exogenous stresses. The superimposed structures of these finger domains 

provide interesting details when these fingers were applied to specific gene binding and editing. The 

structural information in this study will aid in the selection of unique types of zinc finger applications in 

vivo and in vitro approaches because biophysical backgrounds including complex structures and binding 

affinities aid in the protein design area. 
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Proteomic studies based on the salinity stresses from halophytes 
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Mechanistic studies of halophytes are urgent areas of agricultural research due to the increase in saline-

contaminated lands and irrigated fields worldwide. The halophyte, Suaeda glauca (S. glauca), has many 

advantages in terms of biomass and saline elimination due to its large mass and well-developed phenotype 

on seashores, although its mechanistic features and growing specificities still require systematic 

investigation. Preliminary studies have indicated that secondary metabolites, including alkaloids, are key 

metabolites for achieving salt tolerance and that indole derivatives retard the inhibition of growth and 

development in halophytes. Metabolomic studies have validated that indole-3-carboxylic acid (ICA) and 

indole-3-acetic acid (IAA) accumulate in halophytes under saline conditions. In this study, S. galuca were 

cultivated under various saline concentrations (0 ̶ 400 mM) in Hoagland’s solution in the absence or 

presence of indoles to elucidate physiological features via systematic monitoring. The results confirmed  

that the optimal growth and development of S. glauca in 50 mM NaCl, and the morphology, such as the 

number of branches, shoot lengths, and fresh and dry weights, were improved by exogenous ICA treatment. 

The cation concentrations in roots, shoots and leaves were investigated to examine the ionic imbalance in 

response to saline treatment, and the results demonstrated that sodium ions accumulated to high 

concentrations in leaves. The levels of calcium and potassium ions in root were maintained at 50 mM NaCl, 

an optimal growth condition, but ICA and IAA did not regulate the ion concentrations. This study 

demonstrates the optimal growth conditions in saline for S. glauca and the phenotypic regulation of ICA, 

although the ionic imbalance was controlled by genetically programmed physiology. These results will 

provide valuable information for bioengineering based on the high levels of biomass in S. glauca to achieve 

salt tolerance in glycophytes and halophytes. 
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Transfer and Dynamic Inversion of Coassembled Supramolecular 

Chirality through 2D-Sheet to Rolled-Up Tubular Structure 
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Transfer and inversion of supramolecular chirality from chiral calix[4]arene analogs (3D and 3L) with an 

alanine moiety to an achiral bipyridine derivative (1) with glycine moieties in a coassembled hydrogel are 

demonstrated. Molecular chirality of 3D and 3L could transfer supramolecular chirality to an achiral 

bipyridine derivative 1. Moreover, addition of 0.6 equiv of 3D or 3L to 1 induced supramolecular chirality  

inversion of 1. More interestingly, the 2D-sheet structure of the coassembled hydrogels formed with 0.2 

equiv of 3D or 3L changed to a rolled-up tubular structure in the presence of 0.6 equiv of 3D or 3L. The 

chirality inversion and morphology change are mainly mediated by intermolecular hydrogen-bonding 

interactions between the achiral and chiral molecules, which might be induced by reorientations of the 

assembled molecules, confirmed by density functional theory calculations. 
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Facile formation of WSe2 from (Cat+)2[WSe4] complexes: Mechanistic 

study using TG-MS 
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Transition metal dichalcogenides (TMDCs) have been widely studied for various applications such as 

future electronic materials and catalysts. Among them, WSe2 has especially attracted the attention due to 

its p-type semiconductor property, compared to n-type semiconductor of MoS2. However, large scale 

synthesis of WSe2 film has not been widely studied because the suitable precursor is not commercially  

available. Sodium salt of [WSe4]2- was synthesized by the reaction of W(CO)6 with Na2Se4. Sodium cation 

could be easily exchanged with tetraphenyl phosphonium (Ph4P+), cetyltrimethyl ammonium (cta+), and 

tetraethyl ammonium (Et4N+) cations. We have studied thermal decomposition of (Cat+)2[WSe4] complexes , 

resulting in the formation of WSe2 by TG-MS. Nanoflakes of WSe2 were synthesized by solvo-thermal 

decomposition of (Cat+)2[WSe4] with capping ligand. There is no need for a external reducing agent during 

the preparation of WSe2 from (Cat+)2[WSe4] due to the internal redox reaction between W and Se. 
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Hydrocracking Catalyst of Heavy Oil 
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Molybdenum disulfide (MoS2), one of Transition metal chalcogenides, possess a wide range of interesting 

physical properties and have many applications in solid lubricants, lithium-battery cathodes, and 

photovoltaic solar cells. MoS2 can also be used as a catalyst (e.g. in hydrogen evolution reactions) due to 

its high-energy crystal edges. Petroleum reserves are limited, and demand for low-boiling liquid fractions 

is steadily increasing. There is a growing interest in hydro-cracking technology for decomposing heavy oil 

to obtain light oil. Various molybdenum compounds are expected to be converted to MoS2 as hydrocracking 

catalysts to change heavy oil to light oil. However, the materials developed as catalyst so far have a low 

miscibility with heavy oil and a low ratio liquid product. Accordingly, we studied molybdenum(IV) 

precursors having dithiocarbamate ligands with long alkyl chain for increasing miscibility with heavy oil 

and providing sulfur to conversion process. 
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Interaction mechanisms of protein-human norovirus induced by 

divalent metal coordination 
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Noroviruses (NoV) are non-enveloped single-stranded positive-sense RNA viruses belonging to the 

Caliciviridae family, and are divided into seven genogroups (GI–GVII) based on viral capsid gene 

sequences. The genotypes in the genogroups GI, GII, and GIV, referred collectively as human norovirus 

(HuNoV), are major causes of acute water- and food-borne global outbreaks of viral gastroenteritis. HuNoV 

is responsible for 90% of viral gastroenteritis, and 50% of all gastroenteritis outbreaks; this virus causes 

acute diarrhea and vomiting, which typically resolve within 2 or 3 days, but can result in life-threatening  

dehydration in children and the elderly. Rapid methods for the detection and clinical treatment of human 

norovirus (HuNoV) are required for controlling foodborne disease outbreaks, but a reliable methodology 

that is fast and sensitive enough to detect small amounts of HuNoV in food and aquatic environments has 

not been available. We report the interaction details of HuNoV with concanavalin A (ConA) which aid in 

the development of a sensitive detection tool for HuNov. Biophysical studies revealed that when the metal 

coordinated region (MCR) of ConA, which spans Asp16 to His24, is converted to nine alanine residues 

(mConAMCR), the affinity of the interaction with HuNoV (GII.4) diminishes, demonstrating that this Ca2+ 

and Mn2+ coordinated region is responsible for this virus-protein interaction. Furthermore, ConA 

conjugated polyacrylate beads (ConA-column) showed good recovery rates of GI and GII types of HuNoV 

from food items over a broad range of pH (3.0 ~ 10.0). Utilization of ConA allows for the development of 

a rapid and sensitive detection and concentration methodology for diverse genotypes of HuNoV. 
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and Copper(II) Complexes Containing N,N’,X-Iminomethylpyridines 
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We have synthesized new series of 5-coordinate cobalt(II), cadmium(II) and copper(II) complexes by the 

reaction of [CoCl2•6H2O], [CdBr2•4H2O] and [CuCl2•2H2O] with N,N’,X-tridentate ligand (E)-2-

morpholino-N-((pyridin-2-yl)methylene)ethanamine (Lmpme), respectively. Molecular structures of these 

complexes were characterized by single crystal X-ray diffraction. The catalytic properties of these 

complexes toward the polymerization of methyl methacrylate (MMA) in the presence of modified  

methylaluminoxane (MMAO) were investigated and compared to the reference metal starting materials. 
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Synthesis and structural characterization of Zinc(II) and Cadmium(II) 

Complexes Containing 4-methoxy-N-(pyridin-2-yl)methylene)aniline 
Derivatives 
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We have synthesized new series of new zinc(II) and cadmium(II) complexes with ligands Ln (Ln = LA - LC) 

where LA = 4-methoxy-N-(pyridin-2-y lmethylene)aniline, LB = 4-methoxy-N-(pyridin-2-ylmethyl)aniline, 

LC = 4-methoxy-N-methyl-N-(pyrid in-2-ylmethyl)aniline. Molecular structures of [LAZnCl2] and [LBCdBr2 ] 

exhibited monomeric 4-coordinate tetrahedral geometry around metal center. However, [(LB)2ZnCl2] and 

[(LB)2CdBr2] showed 6-coordinate octahedral geometry around zinc and cadmium metal center through two 

equivalents of N,N’-bidentate ligands and two chlorides, respectively. Moreover, molecular structure of 

[LCZn(μ-Cl)Cl2]2 and [LCCd(μ-Br)Br]2 exhibited typical dimeric 5-coordinate trigonal bipyramidal 

geometry around metal center. 
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Synthesis of Cobalt(Ⅲ) Complex Containing Tetradentate [ONNO] 

Type Ligand Derived from Pyridoxal and Its Catalytic Study in 
Cycloaddition Reaction of CO2 
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Due to the use of coal fuel, CO2 has been steadily increased in nature. Global warming due to the 

accumulation of carbon dioxide has led our attention to conversion CO2 to industrial materials. One of the 

efficient methods is synthesis of cyclic- or poly- carbonate through ring opening reaction of propylene 

oxide with homogeneous catalyst. Co complexes containing SALEN(N,N’-

bis(salicylidene)ethylenediamine) ligand have been reported effective catalyst in the reaction. A recent 

research trend is to use only catalyst without co-catalyst such as DMAP{4-dimethylamonopyridine} and 

tetraalkylamoniumiodide in the ring opening reaction. Following this trend we have focused on ligands 

with cationic moieties that can replace co-catalysts. In this study, the new cobalt complex containing 

SALEN ligand with pyridine was synthesized for developing new Co(Ⅲ) system used in transformation of 

carbon dioxide. A new cobalt(Ⅲ) complex of pyridoxyl SALEN ligand was synthesized by the reaction of 

pyr2en ligands (pyr2en =(N,N ‘-bis(pyridoxylideneiminato)ethylene) ) with Co(OAc)2. The complex was 

characterized by various spectroscopic methods such as infrared spectroscopy, high resolution mass 

analysis, and single crystal X-ray crystallography. The tetradentate Schiff base ligand binds cobalt metal in 

a plane and forms an octahedral geometry by coordinating acetate and DMSO. The synthesized cobalt 

complex was used in the cycloaddition reaction of CO2 to propylene oxide and the detailed study will be 

presented. 
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Using Multi-Tetrazolyl Ligands 
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It is still remained as a big challenge to modulate the structures of supramolecular architectures in spite of 

tremendous researches on supramolecular chemistry. The coordination-driven self-assembly of metal ions 

with electron donating groups such as pyridine has been considered as one of most convenient methods. 

However, the assembly is reversible and researches have tried to use more strong interactions for the 

formation of concrete supramolecules. Herein, we used the bridging mode of tetrazolyl groups which bind 

two half sandwich Ir complexes. They provided stronger bonds toward Ir metal centers and the ligands 

containing multiple tetrazoles could modulate the structures of supramolecular assemblies by changing the 

numbers and the positions of tetrazole ligands.In this study, we synthesized Ir(Ⅲ) supramolecules from 

1,2-, 1,3-ditetrazolyl benzene and 1,3,5-tritetrazoly l benzene via bridge-driven self-assembly. These 

complexes were characterized by IR, 1H NMR, 13C NMR, Electrospray ionization mass spectrometry. Their 

solid state structures were also confirmed by single crystal X-ray diffraction study. The types of tetrazolyl 

ligands highly influence to the assemblies of Ir supramolecules, producing different architectures such as 

the rectangle, truncated trigonal pyramid, truncated tetrahedron. The rectangular structure was obtained 

from the reaction of 1,2-ditetrazolyl benzene, [Cp*IrCl2]2, AgOTf in molar ratio of 1:1:3. By changing 1,2-

ditetrazolyl benzene to 1,3-one, truncated trigonal pyramidal hexa-iridium supramolecule was obtained. 

Even more interesting truncated tetrahedral structure was achieved by the reaction of 1,3,5-tritetrazo ly l 

benzene, [Cp*IrCl2]2, AgOTf in molar ratio of 2:3:9. This bridge-driven self-assembly concept provides a 

simple new strategy and can be used in the various homo- or hetero-metallic three-dimensional self-

assemblies. 
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Cyclic Cycloaddition of CO2 to Epoxide 
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Since 1960s, CO2 utilization had led to a great deal of attention which from environmental protection and 

carbon economy. CO2 utilization with epoxide is one of the efficient ways to produce high value-added 

material such as polycarbonates (PCs) and cyclic carbonates (CCs). Although lots of complexes have 

already developed successful catalytic systems to produce polycarbonate (PCs) from the copolymerization  

of CO2 and epoxide, catalytic system of cyclic carbonate (CCs) is not well developed yet and searching for 

the efficient catalysts is still remained as an important research area. A series of new titanium complexes , 

TiLCl2(THF)(1) and TiL2(2), containing tridentate chiral [ONO] type Schiff-base ligand, L, easily 

prepared from the condensation reaction of 2,4-pentadione and (1R,2S)-(–)-1-aminoindanol were 

synthesized and characterized by various analytical methods including X-ray crystallography. Ligand L 

acted as a dianionic tridentate ligand and, owing a chiral center in the aminoindanol part, imparted chirality  

to its titanium complexes. The newly synthesized titanium complexes(1, 2) and previously reported 

analogues Ti complexes(3-5) were used as catalysts in the cycloaddition of CO2 to propylene oxide as the 

first representatives of titanium complexes with tridentate schiff-base ligand to have been used for this 

purpose. These complexes provided high selectivity toward cyclic propylene carbonate (>99%) and showed 

considerable activities with TOF values up to 131 h-1 in comparison with the previously reported catalyst 

systems. 
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Self-Assembly 
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The formation of metal-ligand bond as the impetus via coordination-driven self-assembly is powerful tool 

in construction of supramolecular coordination compounds with well-designed molecules that have suitable 

angle, binding ability, and shapes. These fascinating molecules have attracted considerable attention not 

only because of spectacular architecture in nanoscale but also because of their wide-ranging applications 

as chemical sensor, nanomaterials, biomaterials and so on. Although the interest over the past two decades 

has rapidly grown to obtain supramolecular coordination complexes with the aid of high three-dimensional 

architectures based on non-covalent interactions, it is still difficult to obtain a huge metallosupramolecules  

due to multiple products, reversible reactions and serendipitous self-assembly. We are interested in 

exploring metal-ligand chemistry to design and synthesize three-dimensional architectures as well as to 

control their connectivities in solid state structures. The trigonal prismatic supramolecular cage was 

achieved from [2 + 3] stoichiometric combination of tritopic N-donor Borane ligand and arene-ruthenium 

acceptor. This cage was characterized by various analytic methods including 1H, diffusion ordered 

spectroscopy (1H 2D-DOSY), electrospray ionization mass spectrometry (ESI-TOF-MS), and single crystal 

X-Ray diffractometer. The solid-state structure of the synthesized cage revealed that it shows the distinct 

binding mode between N-donor and Ru acceptor and structural stability of trigonal construction. Moreover, 

the size of the inside cavity is about 450 Å3 which can be estimated using six Ru vertices, suggesting that 

it can be an interesting cage molecule for host-guest chemistry such as sensing of small molecules. 
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Ligands 
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Coordination-driven self-assembly has been constructed in the synthesis of two dimensional or three 

dimensional architectures in supramolecular chemistry. As building blocks, symmetric ruthenium dimers  

are amongst the most extensively utilized accepters in coordination-based supramolecular assembly. On 

the other hand, the attempts to utilize asymmetric ruthenium dimer in the assembly are far less common 

because the asymmetric system can produce multiple complexes which are difficult to characterize. As a 

new asymmetric metalloligand system, we described asymmetric di-ruthenium electron acceptor units 

possessing electron donating pyridine units. These complexes could have a dual role as not only a donor 

but also an accepter in the self-assembly to promote additional complexation.Two kinds of asymmetric 

ligands and corresponding ruthenium complexes were synthesized and characterized by various methods 

including X-ray crystallography. Simple self-assembly to rectangles and further complexations with  

additional metal precursor to construct complicated from heterobimetallic to heterotrimetallic complex will 

be presented. 
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Dialdehyde 
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We report the three polymetallic heptameric complexes [Ni7L6(µ3-OH)6].(ClO4)2 (1), [Zn7L6(µ3-

OCH3)6].(ClO4)2 (2) and [Co7L6(µ3-OH)6]. (ClO4)2, (3), where L=4-tert-Butyl-2,6-diformylphenol. These 

heptametallic complexes are characterized by IR, NMR (for 3), EA, ESI-MS and X-ray single crystal 

diffraction. Due to usefulness in gas storage, catalysis, anion sensing recognition and drug delivery, cluster 

complexes are of highest interest these days. By the right choice of ligand polymetallic supermolecules can 

be synthesized which find their application as single molecular magnetic (SMM). By treatment of 

dialdehyde with metal perchlorate salts of Ni, Zn, and Co in the presence of strong base NaOH at elevated 

temperature using methanol as solvent, rare heptametallic clusters were obtained. The synthesis of these 

disc-shaped heptameric complexes highly depends on the factors including ligand to metal ratios, 

temperature and the types of base used. These complexes are only obtained in the presence of a strong base 

like sodium hydroxide. To validate the synthetic approach, we used a weak base such triethylamine which 

didn't result in the formation of heptamer complexes. The nature of the ligand having unidirectional 

coordination sides resulted in the unique arrangement of the metal atoms in the heptameric complexes. The 

X-ray structural analysis revealed that cores of these crystals are hexagonal shape of MII ions which 

surround the central metal ion bridged by µ3-OH. The peripheral metal atoms are surrounded by six ligand 

molecules. 
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Synthesis of novel group 4 transition metal complexes 
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In the case of dynamic random access memory (DRAM), capacitor dielectrics have required new dielectric  

materials with a higher k-value than that of traditional SiO2. HfO2 and ZrO2 have been extensively  

investigated as the gate dielectric oxide or the capacitor dielectrics. In this work, novel group 4 metal 

complexes containing amino-alkoxide as stabilizing ligands, were successfully synthesized. The newly 

synthesized compounds were characterized by FTIR and NMR spectroscopy as well as elemental and 

thermogravimetric (TG) analysis. The molecular structures of compounds were inspected by single crystal 

X-ray diffraction, that they crystalized in the monoclinic space group P2(1)/n as monomer. 
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Mechanism of Molecular Rectification in Tunnel Junctions of 2,2’-

Bipyridyl Terminated n-Alkanethiolate 
 

Sohyun Park, Seo Eun Byeon, SOOJIN CHO, Gyudon Kong, Hyo Jae Yoon* 

 
Department of Chemistry, Korea University, Korea 

  

This presentation describes physical-organic study for achieving fundamental understanding of mechanism 

of rectification across SAM-based large-area tunnel junctions with the structure, 

AgTS/SC11BIPY//Ga2O3/EGaIn (BIPY: 2,2’-bipyridyl). Junction measurements at low temperatures led 

us to eliminate the possibility that the mechanism of rectification resembles that of similar junction, 

AgTS/SC11Fc//Ga2O3/EGaIn (Fc: ferroceneyl): the rectification of SC11BIPY depends on pure quantum 

tunneling, not thermally activated hopping. Given the Araidai’s molecule-electrode coupling model to 

describe resonant tunneling, further study with Fowler-Nordheim analysis suggested that the ~102 

rectification ratio in the BIPY-terminated SAM stems from asymmetrically occurring resonant tunneling 

for +V and -V, facilitated by asymmetrically broadened LUMO of BIPY relative to the Fermi level of 

Ga2O3/EGaIn top-electrode. This conclusion was supported by the experiment that replacing n-type BIPY 

terminal group with another π-rich p-type one, pyrenyl (PYR), led to rectification with similar magnitude 

and reverse direction. 
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A facile ultrasonic-assisted fabrication of carbon nitride/carbon dots 
composites for photocatalytic degradation behaviors of rhodamine B 
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The novel visible light-induced carbon nitride/carbon dots (g-C3N4/CDs) composites were successfully 

synthesized by introducing CDs into polymeric g-C3N4. The structures and optical properties of composites 

were characterized by XRD, FT-IR, SEM, TEM, DRS, respectively. For the degradation of rhodamine B 

(Rh B), the g-C3N4/CDs composites exhibited significantly higher visible light photocatalytic activity than 

that of a single semiconductor. The optimal percentage of CDs was 50%. In addition, the stability of the 

prepared composites in the photocatalytic process was also investigated. The enhanced photocatalytic 

performance could be due to the high separation efficiency of the photogenerated electron–holes pairs. The 

possible photocatalytic mechanism of g-C3N4/CDs was proposed to guide the further improvement of their 

photocatalytic activity. 
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In-situ synthesis of BiOClx/BiOBry/BiOIz nanofibers for visible-light 

photocatalytic investigation 
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In this work, BiOClx/BiOBry/BiOIz/PAN (x+y+z=1) composite nanofibers are prepared by 

electrospinning and sol-gel method. The photocatalytic degradation of trichloroethylene (TCE) over 

BiOClx/BiOBry/BiOIz/PAN nanofibers were investigated by gas chromatography method. Obtained from 

results, the optimum photocatalytic activity was achieved with BiOCl0.3/BiOBr0.3/BiOI0.4/PAN fibers 

under visible light irradiation. From X-ray photoelectron spectroscopy (XPS) result, peaks of C-O, C=O at 

286.0 eV, 288.3 eV can disclose that BiOClx/BiOBry/BiOIz has doped on PAN fibers. As for X-ray  

diffraction (XRD), it can be further confirmed that we had synthesized the as prepared composite nanofibers 

successfully. 
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their application in photocatalytic degradation of RhB 
 

yifan zhang, Soo-Jin Park1,* 
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1Department of Chemistry, Inha University, Korea 

  

In this paper, we prepared the graphene oxide/BiOCl/PAN nanofibers by two-step synthesis method and 

characterized their structures, morphologies, and photocatalytic behaviors by X-ray diffraction, diffuse 

reflectance spectroscopy, scanning electron microscopy and photocatalytic activity measurements, 

respectively. From the results, we can obtain that coupling graphene oxide/BiOCl fibers could enable better 

photocatalytic performances as compared to that pure BiOCl towards the degradation of rhodamine B under 

visible light irradiation. It could be attributed to the more effective separation of photogeneration electron 

and holes between BiOCl and graphene oxide, and the better adsorption capacity of rhodamine B. 
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Manganese nitride can be used for various applications such as catalyst, battery, memory device, display 

and sensors. Manganese nitride flims are deposited by several methods such as chemical vapor deposition 

(CVD), atomic layer deposition (ALD), or physical vapor deposition. Especially, ALD method is useful to 

make thin films to use metal precursor (organometallic compound) having high volatility, thermal stability 

and high reactivity with reactants. Precursors for manganese nitride thin film are Mn(amidinate)2, 

Mn(guanidinate)2, Mn(β-diketiminate)2, etc. However, the precursors have some issue such as volatility, 

thermal stability, and reactivity. Herein, we report the synthesis of new heteroleptic precursors containing 

aminoalkoxide for thin films containing manganese. Prepared compounds were fully characterized by IR, 

thermogravimetric analyses (TGA), microanalyses, and structural analysis through single-crystal X-ray  

diffraction study. 
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Multi-functional and multi-bandpass transmission optical pixels via 

scattering cancellation effect 
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Optical filters play a critical role in optoelectronics, high-speed chips, and display applications. To achieve 

higher resolution, it is required to miniaturize the optical filters. Conventional color filters consist of 

pigment or organic dyes which degrade over time. Hence, many alternative designs have been implemented  

that rely on structural color via surface plasmon polaritons (SPPs) or guided mode resonance (GMR) that 

achieve chemical stability and high resolution. However, most miniaturized color pixels reported up to date 

have suffered from degraded filtering performance when the number of array elements decreasesWe 

propose an optical pixel design that does not rely on SPPs or GMR, but on the scattering cancellation via a 

metal-semiconductor-metal hybrid nanostructure array. Such hybrid nanostructure can transmit certain 

wavelengths of visible light even with a single array element without any degradation in spectral response. 

By arranging individual elements of the same type into an array, we can create color pixels that exhibit  

wide gamut and highly efficient (>40 %) transmission. Furthermore, by effectively combining different  

elements into a single array, we can allow multi-pass transmission. As such, our proposed design for color 

pixels offers intuitive degrees of freedom for displaying multispectral and high definition colors in displays 

and optoelectronic applications 
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Helical Handedness in conformationally felxible N-centered 

triarylamine trisamides 
 

Misun Go, Hyowon Seo, Heekyoung Choi, Jong Hwa Jung* 

 
Department of Chemistry, Gyeongsang National University, Korea 

  

Two families of C3-symmetrical triarylamine-trisamides composed of alanine or glycine moieties were 

synthesized. Both families self-assembled in non-polar solvents via cooperative hydrogen-bonding 

interactions into helical supramolecular polymers as evidenced by circular dichroism and UV-vis  

spectroscopic measurements. The introduction of a stereocenter in the side chains biases the helical sense 

of the supramolecular polymers formed. Compared to compound 2 having glycine moiety, a much richer 

self-assembly landscape was observed. Temperature-dependent spectroscopy measurements highlight the 

presence of two self-assembled states of opposite handedness. In this conference, we will present the 

handedness of the self-assembled 1 and 2 in detail. 
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A Crown-Ether-Based Moldable Supramolecular Gel with Unusual 

Mechanical Properties and Controllable Electrical Conductivity 
Prepared by Cation-Mediated Cross-Linking 

 

Jaehyeon Park, Junho Ahn, Jong Hwa Jung* 

 
Department of Chemistry, Gyeongsang National University, Korea 

  

Typical supramolecular gels do not exhibit electrical conductivity because of the wide band gaps present 

in the low-conjugation gelator molecules and the long distances between them, which arise because of the 

large amount of solvent within gel networks. Consequently, the practical application of supramolecular gels 

has been largely limited. Herein, we describe a strategy for significantly enhancing the mechanical, 

electrical, and vibrational isolation properties of supramolecular gels derived from low-molecular-weigh t  

building blocks, which involves the incorporation of Cs+ ions as an additional conductive filler. High-

elasticity supramolecular gels were produced from the hydrazone reaction between calix-[4]arene- and 18-

crown-6-ether-based building blocks, which could be formed simply by dissolving the building blocks in 

DMSO. These gels were mechanically strong and could be molded into free-standing objects. By 

controlling the concentration of the conductive filler in the supramolecular gels, we were able to tune their 

mechanical and electrical properties. The supramolecular gels exhibited 34-fold and 62-fold enhanced 

storage and loss moduli, respectively, upon addition of Cs+. Furthermore, the electrical conductivities of 

the supramolecular gels proportionally increased with the amount of Cs+ in the gel network. These dramatic 

enhancements were due to the effective sandwich complex formation between the 18-crown-6 moieties of 

the building blocks and Cs+ ions. We also evaluated the vibrational isolation abilities of the supramolecular 

gels. A glass bead in direct contact with the vibrating platform started to vibrate and roll when the 

mechanical vibrator was activated. In contrast, a bead separated from the platform by a sample of 

supramolecular gel kept its position without any movement. We believe that our strategy of embedding 

conductive fillers into self-assembled materials presents new possibilities for developing soft materials with  

unique functions. 
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Enhanced Electrochemical Performances of the Nickel Oxide-

Embedded Carbon Sheets as an Anode for Lithium-Ion Batteries 
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Rechargeable lithium-ion batteries (LIBs) have been attractive as energy storage systems for portable 

electronic devices and electric vehicles (EVs) because of their high power densities, low cost, and long 

cycle life. However, there have been still considerable demands for enhancing reversible capacities, cycling 

stabilities, and rate capabilities. Recently, nickel oxide (NiO) has been attractive as one of the promising  

anode materials for LIBs because of its high theoretical capacity (about 718 mA h g-1), low cost, and non-

toxicity. Nevertheless, NiO suffers from poor rate performance and cycling stability because of the low 

electronic conductivity and large volume changes during the prolonged cycles. In this work, NiO-embedded  

carbon sheets (NiO/C) were synthesized through the polymerization reactions of citric acid and ethylene 

glycol with NaCl as a hard template and Ni precursors. Compared with pristine NiO, the NiO/C composite 

exhibited the enhanced reversible capacity of about 988.2 mA h g-1 after 50 cycles at 0.1 C and 0.01-3.0 V. 
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Regioselective Halogenation of 3,6-di(thiophen-2-yl)-1,2,4,5-tetrazine 

by Rh(III) Catalyst 
 

SOOYONG JUNG, MOON-GUN CHOI* 

 
Department of Chemistry, Yonsei University, Korea 

  

The chemistry of s-tetrazines (1,2,4,5-tetrazines) has attracted increasing interest over the years owing to 

multiple biochemical, energy applications and materials resulting from their unique physicochmecal 

properties. Accordingly, many improvements in tetrazine synthesis have been reported. The tetrazine 

frameworks with aromatic heterocycles are classically derived from the Pinner-like synthesis using 

hydrazine derivatives with either cyanoaryl or chlorobenzoyle coreagents. Because of sterics and other 

factors these syntheses failed to give efficient access to 3-position-functionalized thiophene tetrazines. 

Electron-rich heterocycle like thiophene show the superior inherent reactivity of the 5-poisition of 

thiophene thus synthesis of selective 3-position-halogenated thiophene tetrazines is very difficult. And the 

tetrazine ring is well-known to act as a ligand for metals, and thus poisons the catalytic activity. moreover, 

tetrazines can be reduced by metals, and subsequent ring opening may occur. thus the tetrazine compounds 

are limited catalytic recations. Now we report a general and direct catalyzed C-H functionalization of 

tetrazines for the introduction of various useful functional groups, such as halides. Introducing halogen 

atoms(Br, I) on the thiophene ring is a first step towards extending the conjugation of the ring system and 

the construction of more sophisticated structures through the use of metal-catalyzed coupling reactions. 

Hence, we report the first efficient C-H functionalization of thiophene tetrazines using Rh catalyst. This 

presentation will provide the catalytic reaction conditions and charecterlization of 3-poition-halogenated 

thiophene tetrazine compounds. 
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Novel Cd(II) Coordination Polymers with Dithiocarbamate Ligands 

 

Jaehyuk Jin, Young-A Lee* 

 
Department of Chemistry, Chonbuk National University, Korea 

  

New Cd(II) complexes, Cd(II)(TC-1), Cd(II)(TC-2)2 and [Cd(II)(TC-3)2•2CH2Cl2]2 (TC-1 = methyl(2-

(pyridine-2-yl)ethyl)dithiocarbamate, TC-2 = ethyl(pyridine-2-yl)methyl)dithiocar-bamate, TC-3 = 

bis(pyridine-2-ylmethyl)dithiocarbamate, have been synthesized and characterized by means of IR, NMR, 

TGA/DSC, and X-ray crystallography. Interestingly, these Cd(II) complexes have different coordination 

geometry despite the similarity of the ligands structure. Cd(II)(TC-1)2 shows a 1-dimensional linear 

coordination polymer structure and Cd(II)(TC-2)2 shows a 2-dimensional coordination polymer structure. 

[Cd(II)(TC-3)2•2CH2Cl2]2, however, show discrete cyclic dimer structure. In crystal structure of Cd(II)(TC-

2)2, central Cd(II) atom is 6-coordinated with two nitrogen atoms of pyridine ring and four sulphur atoms 

of two dithiocarbamate ligands, in which two dithiocarbamate ligands bonded in a bidentate fashion. In 

Cd(II)(TC-1)2 and [Cd(II)(TC-3)2•2CH2Cl2]2, the cadmium atom adopts square pyramidal arrangement, 

that is, Cd(II) is coordinated by four sulphur atoms of two dithiocarbamate ligands and one nitrogen atom 

from pyridine ring. Figure 1. Crystal structure of Cd(II)(TC-2)2 (left : unit cell, right: packing diagram) 
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Observation of a Metastable Double Carbonate between Na and Cd 

 

Kang Yeong Kim, Jin-Su Kwak, Kyung-Ryul Oh, Jeong-Min Lee, Young-Uk Kwon* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

A2M(CO3)2 was reported to be formed usually between alkali metal and alkaline earth metals. Considering 

structure of A2M(CO3)2 variation depending on metal ions, its formation may occurred over a wider range 

metal ions including transition metal. In reality, transition metal based double carbonate was rare. We 

observed double carbonate between Na and Cd (to be denoted Z), while encouraging CdO to absorb CO2. 

Several syntheses were tried for obtaining pure state Z by varying some conditions under 1 atm CO2. This 

result gives us an insight that Z is metastable compound more thermodynamically unstable than CdCO3. 

By replacing M of A2M(CO3)2 in Nyerereite (Na1.33K0.67Ca(CO3)2) and Fairchildite (K2Ca(CO3)2) with Cd, 

we conjectured that Z has similar to those things. Despite of a few mismatchings, Z was found to have a 

chemical formula Na2Cd(CO3)2. 
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1D Metal-Organic Nanotube: a Reactant Reservoir, Reaction Platform, 

and Byproduct Scavenger 
 

Daseul Lee, SeongHyeon Park, Ok-Sang Jung* 

 
Department of Chemistry, Pusan National University, Korea 

  

Herein, we report the advanced-concept triple-functionality of a metal-organic nanotube (MONT), which 

acts as a reservoir for unstable reactants, a photoreaction platform, and a scavenger for byproduct iodine. 

Self-assembly of CdI2 with a new Y-type ligand (L) produces the substantial 1D MOF, [CdI2(L)], thus 

forming a thick nanotube with 1.4 nm diameter.Reference [1] Kim, J. G.; Noh, T. H.; Cho, Y.; Park, J. K.; 

Jung, O.-S. Chem. Commun. 2016, 52, 2545-2548. 
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Host-guest Conversion through in situ Crystallization in Photo-

reaction 
 

Haeri Lee, Ok-Sang Jung* 

 
Department of Chemistry, Pusan National University, Korea 

  

Self-assembly of ZnBr2 with a bidentate ligand (L) yields 1D zigzag-chains, [ZnBr2L]∙(Solvate). The 1D 

chains form an ensemble constituting a unique supra-channel. The main driving forces for supra-channel 

ensembles are C-H∙∙∙π and π∙∙∙π interactions. Within the voids, solvate molecules exist depending on the 

anions and solvent system. [ZnBr2L]∙(Solvate) was recrystallized under UV-irradiation forming new 1D 

supra-channel structure. Further experiments and pervasive applications are in progress, the results of which 

certainly will yield more detailed information. 
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Synthesis and Characterization of Photo-induced Ionic Chloro-bridge-

bis (halo)mercury(II) Compounds 
 

LINGLING YANG, Ok-Sang Jung* 
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Self-assembly of HgX 2 (X - = Br - and I - ) with new 1,1,2,2-tetramethyl-1,2-diĲpyridin-3-y l)disilane (L) 

ligand affords single crystals consisting of sinusoidal-strand coordination polymers, [HgX 2 L]. Specifically , 

350 nm UV irradiation of crystalline products [HgBr 2 L] and [HgI 2 L] in chloroform media forms in situ 

single crystals of extraordinary chloro-bridged mercury species, [H 2 L] 2+ [Hg 2 Br 4 (μ-Br)(μ-Cl)] 2- and 

[H 2 L] 2+ [HgI 2 (μ-Cl)] 2 2- , respectively, in high yields that cannot be synthesized by general synthetic 

procedures. For all of the compounds, the coordination geometries around the Hg(II) ions along with the 

mechanistic aspects of the formation of chloro-bridged species are discussed herein.Reference [1] Choi, 

E.; Lee, H.; Noh, T. H.; Jung, O.-S.* CrystEngComm 2016, 18, 6997-7002. 
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Synthesis and Catalytic Properties of Bis-ligated Zinc(II) Coordination 

Complexes Containing Chiral Bidentate Ligand 
 

Kanagaraj Naveen, Ok-Sang Jung* 
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Construction of zinc(II) complexes by self-assembly of ZnX2 with (S)-(1-isonicotinoylpyrrolidin - 2-

yl)methyl isonicotinate (L) as a new chiral bidentate N-donor ligand produces a discrete 

metallacyclodimeric unit of [ZnX2 (L)] 2 complexes. The coordinating environment around zinc(II) 

complexes is typical tetrahedral and characterized by single crystal X-ray analysis. Furthermore, zinc(II) 

complexes have shown the effective catalyst for the transesterification reactions. References[1] H. Kim, 

M. Park, H. Lee and O.-S. Jung, Dalton Trans., 2015, 44, 8198.[2] H. Lee, T. H. Noh and O.-S. Jung, 

Dalton Trans., 2014, 43, 3842. 
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Synthesis and Photoreaction of adsorbed diiodomethane of Neutral 

Pd(II) Complexes 
 

Dongwon Kim, Seo Young Hwang1, Ok-Sang Jung1,* 
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A series of Pd6L4-type neutral coordination cages, [Pd6X12L4] (X- = Cl- and Br-), are constructed via self-

assembly of (COD)PdCl2 and K2PdBr4 with C3-symmetric N,N′,N′′-tris(2-pyridinylmethyl)-1, 3, 5-

benzenetricarboxamide (L), respectively. The iodide analogue [Pd6I12L4] is smoothly synthesized from 

[Pd6Br12L4] in the presence of CH2I2 under mild conditions. The replacement of bromide to iodide in the 

nanocage system represents a landmark achievement in synthetic-methodology development. The CH2I2 

molecules are adsorbed in the order [Pd6I12L4] > [Pd6Br12L4] > [Pd6Cl12L4] and in the “like-attracts-like” 

pattern, presumably owing to the van der Waals force. Irradiation of [Pd6I12L4]·3.5CH2I2 with 1-

methylcyclohexene in chloroform at 350 nm preferentially affords the cyclopropanation product.Reference 

[1] Noh, T. H.; Lee, H.; Kim, D.; Moon, D.; Lee, Y.-A.; Jung, O.-S. Dalton Transactions. , 2016, 45, 9574-

9581. 
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Crystal-to-Crystal Transformations of Iridium Polymorphic 

Complexes with Solvent Molecules 
 

Hansu Im, Juhyeon Park, Tae Ho Kim*, Jineun Kim* 
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Three Ir(III) complexes, [IrL3] (1), [IrL3·CH2Cl2] (2a), and [IrL3·CH2Cl2] (2b), of a phenylpyrazole 

derivative LH (3-methyl-1-phenyl-1,4,5,6-tetrahydrocyclopenta[c]pyrazole) were synthesized and 

structurally characterized by single crystal X-ray diffraction analyses. Complexes 2a and 2b are 

polymorphic complexes, which have different structures with the same formula. Complexes 2a and 2b have 

different C―H···π interactions with solvent molecules. Remarkably, complexes 1, 2a, and 2b have shown 

crystal-to-crystal transformations between them by heat and solvent molecules. Thermal stability was 

monitored by TGA. 
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Cu(I) Coordination Polymers Based on Podand Ligand with S Donor 

Atom 
 

Juhyeon Park, Jineun Kim, Hansu Im, Tae Ho Kim*, Myong Yong Choi* 

 
Department of Chemistry, Gyeongsang National University, Korea 

  

Podand type dithioether ligand (L) was prepared by the reaction of 1,2-bis(2-chloroethoxy)ethane and 

benzylmercaptan. Coordination polymer {[Cu4I4L]·H2O}n (1) was synthesized by the reaction of H2O, L 

and CuI. CP 1 showed a 2D network structure based on cubane Cu4I4 cluster nodes. Luminescence spectra 

of previously reported [Cu4I4L]n (CP 2) exhibited an emission peak at about 565nm at room temperature. 

The results of our investigation including syntheses, structural characterization, thermal properties of CP 1 

are presented. 
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Highly activated and heteroatom-doped nanoporous carbon spheres 
for gas sorption and oxygen reduction reaction (ORR) applications 

 

Hee Soo Kim, So Young Lim1, Hyuna Kyung1, Won Cheol Yoo* 

 
Department of Applied Chemistry, Hanyang University, Korea 
1Department of Applied chemistry, Hanyang University, Korea 

  

Herein, we controlled the porosity (pore size distribution (PSD) and specific surface area (SSA)) and 

polarity (N-doping and Fe-N codoping) of various carbonaceous materials for CO2, CH4, and N2 

adsorption and oxygen reduction reaction catalyst. Two different carbons (resorcinol-formaldehyde carbon 

(RFC) and highly N-doped melanin carbon (MC)) with different N-doping levels are utilized and further 

activated by CO2 treatment to closely control PSD and SSA. In case of CH4 adsorption, the accumulated 

ultramicropore ( 
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High-efficiency electromagnetic interference shielding composite using 

carbin fibers and nano carbon materials 
 

KIHUN YANG, Raagulan Kanthasamy1, Gyu Youn Chea2,* 

 
School of Natural Science/Department of Chemistry, Wonkwang University, Korea 

1Chemistry, Wonkwang University, Korea 
2Department of Chemistry, Wonkwang University, Korea 

  

The emergence of communication systems based on electronic technology has made it very important to 

protect against disturbances caused by unwanted external electromagnetic waves. These electromagnetic 

interference(EMI) can cause physical damage to the circuite, increase of error rate, and modulate data. In 

this study, nonwoven carbon fabric coated with nano carbon materials was developed using a very simple 

method. Oxidation state and coating morphology of graphite nano plate was confirmed with XPS analysis, 

Raman spectroscopy and SEM. EMI shielding efficiency of coated nonwoven carbon fabric reached 

maximum 41.14dB. 
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Synthesis and Characterization of 1,1-Diehtyl(or 1,1-Dihexyl)-2,5-

bis[(trimethylsilyl)ethynyl]-3,4-diphenylsilole 
 

Jong Wook Lim, Ji hun Lee, Young Tae Park1,* 

 
Keimyung University, Korea 

1Department of Chemistry, Keimyung University, Korea 

  

2,5-Dibromo-1,1-diethyl or dihexyl-3,4-diphenylsilo le as a precursor is prepared by an intramolecular 

reductive cyclization of diethyl or dihexylbis(phenylethynyl)silanes with treatment of lithium 

naphthalenide and then followed by anhydrous ZnCl2 and N-bromosuccinimide. 1,1-Diethyl (or 1,1-

dihexyl)-2,5-bis[(t rimethylsilyl)ethynyl]-3,4-diphenylsilole were prepared by substitution reaction of two 

bromines with trimethylsilylacetylene(TMSA) groups using palladium chloride, copper iodide, and 

triphenylphosphine as catalysts in solvent of diisopropylamine. The crude product was purified by 

recrystallization in methanol as solvent. The prepared materials were characterized by 1H, 13C, and 29Si 

NMR. We also studied the electronic properties by UV-vis absorption, excitation and fluorescence emission 

spectroscopic methods along with electrochemical property, in particular.Acknowledgment. This work was 

supported by the Basic Science Research Program through the National Research Foundation of Korea 

(NRF) grant funded by the Ministry of Education of the Republic of Korea (NRF-

2017R1D1A3B03028014). 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-73 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Helical Self-Assembly-Induced Emissive Change dependent to Stirring 

rate 
 

Seonae Lee, Ka Young Kim1, Jong Hwa Jung1,* 

 
Chemistry, Gyeongsang National University, Korea 

1Department of Chemistry, Gyeongsang National University, Korea 

  

The tetraphenylethylene (TPE)-based building block was synthesized. We investigated the self-assembled 

behavior in THF with mechanical control. The self-assembled TPE showed the weak greenish emission 

without stirring. In contrast, the self-assembled TPE revealed the strong blue emission with fast stirring. 

The blue fluorescence intensity of TPE was dependent to the stirring rate. Furthermore, the positive CD 

signal of TPE derivative enhanced gradually with stirring rate, indicates that TPE derivative molecules  

were orientated to the left-handed helicity. Also AFM image of TPE building block showed helical 

aggregators.In this conference, we will present the self-assembled behavior of TPE derivative in detail. 
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Helical Inversion of the Self-Assembled Ligands Composed of 

Terpyridine and Peptide Moieties in the Presence of Co2+ 
 

JAEHYEONG KIM, Ka Young Kim1, Jong Hwa Jung1,* 

 
Nano chemistry laboratory, Gyeongsang National University, Korea 
1Department of Chemistry, Gyeongsang National University, Korea 

  

We present helix inversion of self-assembled peptide-based ligands composed of one alanine and three 

glycine moieties with Co2+ and its helical enhancement of an achiral terpyridine moiety. The helicity of 

peptide-based ligands is controlled by strain induced chirality with complex ligand to Co2+ ratios. The self-

assembled S-1 complex with the octahedral structure in less than 0.7 equiv. of Co2+ showed the right-handed 

(P) helicity. In contrast, the self-assembled S-1 complex with coexisting octahedral and square pyramidal 

structures in the presence of 1.0 equiv. of Co2+ revealed the left-handed (M) helicity. The helicity of self-

assembled R-1 complexes with Co2+ showed absolutely opposite to that of the self-assembled S-1 complex. 

Furthermore, the Circular Dichroism (CD) intensities of the self-assembled S-1 and R-1 complexes with  

Co2+ were 900–1500-fold amplified compared to those of free S-1 and R-1. We also found that the helical 

inversion process was fully reversible and controllable. 
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Colorimetric detection of UO2

2+ using gold nanoparticles immobilized 
with pillar[5]arene complex with nitrophenyldiacetic acids as 

chemoprobe 
 

SOJEONG HEO, Heekyoung Choi1, Jong Hwa Jung1,* 

 
Nano Chemistry Laboratory, Gyeongsang National University, Korea 

1Department of Chemistry, Gyeongsang National University, Korea 

  

Uranium is an important raw material in nuclear energy generation, however, it is a critical radioactive 

component in the atmosphere, and it creates damage to human health. In this work, we report a simple, 

cost-effective, and selective colorimetric detection technique for UO22+ by using nitrophenyldiacetic acids 

(NPD) functionalized gold nanoparticles (Au NPs 1). The hybrid Au NPs 1 could be induced to aggregate 

in the presence of UO22+ ions. The UO22+ could be recognized by the colorimetric response of hybrid Au 

NPs 1, that can be observed by a UV-vis spectrophotometer, and it is easily detectable by naked eye. The 

hybrid Au NPs 1 bound by UO22+ possesses good selective response compared to other metal ions (Li+, 

Na+, K+, Rb+, Cs+, Ca2+, Mg2+, Ba2+, Ni2+, Zn2+, and Co2+), which led to a prominent color change. The 

color of the hybrid Au NPs 1 was also changed from the red to the dark red upon addition of UO22+ in the 

presence of other metal ions. From Job’s plot, we found that one NPD moiety attached onto the surface of 

Au NPs 1 forms 1:1 stoichiometry with UO22+. Hence, it provides a facile and effective colorimetric sensor 

for the real-time detection of UO22+. 
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A Highly Reactive Cobalt(IV)-Oxo Excited State with 0.6 ns Lifetime 

 

Claudio Saracini, Yong-Min Lee1, Shunichi Fukuzumi2,*, Wonwoo Nam3,* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Italy 

1Research Institute for Basic Sciences, Ewha Womans University, Korea 
2Graduate School of Science and Engineering, Meijo University, Japan 

3Department of Chemistry, Ewha Womans University, Korea 

  

Excited states of synthetic complexes based on rare metals such as ruthenium, rhenium, osmium, 

technetium, and tungsten have been previously reported to exhibit emission upon photoexcitation of their 

related ground states and, in some cases, they exhibit long lifetime, like for the famous ruthenium(II) tris-

bipyridine complex. In contrast, the reported excited states of transition-metal complexes based on earth-

abundant metals, showed extremely short lifetimes which have, so far, strictly limited or precluded the 

utilization of their expected high reactivity. We introduce here the excited state of a high-valent earth-

abundant transition metal-oxo complex, S1*, that was detected for the first time by femtosecond laser 

transient absorption spectroscopy and was generated from photoexcitation of the cobalt(IV)-oxo complex 

[(TAML)CoIV(O)]2– (1) (TAML = tetraamidomacrocyclic ligand). The excited state S1* exhibited a long 

lifetime, τ = 0.6(1) ns, and a high reactivity towards substrate oxidation such as intermolecular electron 

transfer oxidation of m-xylene and anisole. This method could be used as a new way to generate reactive 

excited states, like S1*, from high-valent earth-abundant transition metal-oxo complexes, like complex 1, 

that can be exploited to perform intermolecular electron transfer with organic substrates using the energy 

harvested from visible light; reactivity otherwise impossible to be achieved by the ground state. 
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Bandgap Engineering of 2H-MoS2 by Electrochemical Surface 

Modification 
 

Younghee Park, Seunghyun Shin, Hyunseob Lim* 

 
Department of Chemistry, Chonnam National University, Korea 

  

Two-dimension materials such as graphene, hexagonal boron nitride and transition metal dichalcogenides 

(TMD) have lots of advantages for various applications due to their two-dimensional (2D) geometric 

structure. Among them, 2D-TMD materials, has attracted great attention as an alternative to graphene, since 

it has semiconducting properties while graphene has metallic properties. Thus, it cannot also be used in 

electronic applications, but also in optical and optoelectronic applications. Although single layer MoS2 has 

a bandgap of ~1.8 eV, the modulation of its bandgap is further required to absorb or emit the wider range 

of light. Surface modification is one of approaches, but the one-step functionalization on 2H-TMDs has 

been known to be difficult, while various reactions on 1T-TMDs have been demonstrated. The origin of 

the limitation is attributed to the difficulty of electron transfer from 2H-TMD to reacting molecules due to 

its semiconducting property and neutral charge state, which is a prerequisite process for the surface 

functionalization. Herein, we present the novel approach facilitating the direct surface functionalization of 

4-bromobenzene diazonium tetraborate (4BBDT) on 2H-MoS2, one of TMD materials, by electrochemical 

process. The successful functionalization was confirmed by Atomic force microscopy, Raman spectroscopy 

and spatially resolved X-ray photoelectron spectroscopy (XPS) combined with Scanning photoelectron 

microscopy (SPEM). The widened bandgap of modified 2H-MoS2 was also confirmed by 

Photoluminescence spectroscopy (PL). 
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Synthesis, structure, and characterization of two new lithium 

transition metal selenites, Li6Co(SeO3)4 and Li6Ni(SeO3)4 
 

Hongil Jo, Kang Min Ok* 

 
Department of Chemistry, Chung-Ang University, Korea 

  

Selenite compounds reveal unique properties such as multiferroicity, selective-ion exchange, and nonlinear 

optical properties. Previously we reported Li13Mn(SeO3)8 showing dynamic Jahn-Teller distortion. In this 

research, we have synthesized two novel lithium transition metal selenite compounds, namely, 

Li6Co(SeO3)4 and Li6Ni(SeO3)4. Isostructural title compounds crystallize in a rhombohedral space group, 

R-3, and consist of Li+, CoO6 (or NiO6) octahedra, and SeO3 polyhedra forming a three-dimensional 

distorted cubic lattice. The structure of the materials is closely related to that of Li13Mn(SeO3)8: some of 

the Li+ cations in Li13Mn(SeO3)8 have been substituted by transition metal cations and the oxidation state 

of the transition metals has been reduced from +3 to +2. The magnetic measurements indicate that 

Li6Co(SeO3)4 is a canted antiferromagnet while Li6Ni(SeO3)4 is an antiferromagnet. The antiferromagnetic 

interaction of the title compounds may be due to anisotropic interactions. Detailed structural description, 

spectroscopic analysis, and magnetic properties will be presented. 



 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-79 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Mechanism Study of Photocatalytic Hydrogen Evolution by Well-

Defined Metal-Semiconductor Nanodumbbells 
 

Ji Yong Choi, Hyunjoon Song* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Semiconductor-metal hybrid nanostructures are one of the best model catalysts for understanding 

photocatalytic hydrogen generation. To investigate the optimal structure of metal co-catalysts, metal-CdSe-

metal nanodumbbells were synthesized with three distinct sets of metal tips, Pt-CdSe-Pt, Au-CdSe-Au, and 

Au-CdSe-Pt. Photoelectrochemical responses and transient absorption spectra showed that the competition 

between the charge recombination at the metal-CdSe interface and the water reduction on the metal surface 

is a detrimental factor for the apparent hydrogen evolution rate. For instance, a large recombination rate 

(krec) at the Pt-CdSe interface limits the quantum yield of hydrogen generation despite a superior water 

reduction rate (kWR) on the Pt surface. To suppress the recombination process, Pt was selectively deposited 

onto the Au tips of Au-CdSe-Au nanodumbbells, in which the krec was diminished at the Au-CdSe interface, 

and the large kWR was maintained on the Pt surface. As a result, the optimal structure of the Pt-coated Au-

CdSe-Au nanodumbbells reached a quantum yield of 4.84%. These findings successfully demonstrate that 

the rational design of a metal co-catalyst and metal-semiconductor interface can additionally enhance the 

catalytic performance of the photochemical hydrogen generation reactions. 
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Investigation of Surface Morphological Effects on the Electroreduction 

of CO2 over High Indexed Au Nanoparticles 
 

Joon Woo Park, Woong Choi, Hyunjoon Song* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

The increasing anthropogenic CO2 levels in the atmosphere and the depletion of fossil fuels calls for an 

effective method to transform CO2 molecules into useful products. To tackle this problem with direct 

electrocatalytic CO2 reduction, noble metal nanocatalysts have drawn interest due to their unique product 

selectivity towards CO. For a more systematique study, Au nanoparticles were selected as a model system 

to relate the surface structure of nanoparticles with catalytic properties for electrochemical CO2 reduction 

in aqueous conditions. Au icosaheral and Au nanostar nanoparticles were synthesized, where each were 

previously reported to have low-index and high-index facets respectively. Both types of nanoparticles were 

applied for electrochemical CO2 reduction to evaluate their catalytic activity and product selectivity. Au 

nanostars show both higher current density and CO selectivity than icosahedra, where overpotentials values 

were also significantly lowered. Mass activities of these Au nanoparticles are superior by a magnitude from 

previous reports with Au nanoparticles. Detailed mechanistic sutdies include the exact characterization of 

Au nanostars and electrolyte concentration variation, and the implications of these results are discussed. 
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C-H arylation of oxidated palladium nanoparticles using 

diaryliodonium oxidant 
 

MINJUN KIM, Hyunjoon Song* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

In organic chemistry, Direct C-H functionalization that converts C-H bond to reactive C-X bond has studied 

actively. In homogeneous catalysis, many studies about C-H functionalization have proceeded. However, 

heterogeneous catalysis, there are much fewer studies about C-H functionalization than homogeneous 

catalysis because of neutral metal state (0) of metal nanoparticles. Recent year, Glorius and co-workers  

reported that selective C-H direct arylation using diaryliodonium salts and proposed mechanistic studies 

proceeding via a Pd(o)/Pd(II) systems. But they didn’t confirm mechanism of C-H arylation. In this 

presentation, we report surface activation of palladium nanoparticles via diaryliodonium oxidants and 

mechanistic studies of direct C-H arylation of heterocyclic compounds using various analysis tools such as 

XPS, XAFS, TEM, etc. 
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Mitochondria Labeling for Magnetic Bioimaging with Nanodiamond 

Bioconjugates 
 

Yoobeen Lee, Yi-Seul Park, JIN SEOK LEE* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

Nanodiamonds (NDs) have excited a lot of interest in the field of bioimaging as they can be used as spin 

probes for electromagnetic sensing of cellular and biological environments. While a variety of surface 

functionalizations have enabled endosomal uptake of the NDs or targeting to the cell surface, very few 

studies have investigated selective targeting of ND conjugates to organelles and subcellular compartments 

within living cells. This lack is due in large part to the limited number of intracellular delivery options, 

which has constrained the ND surface chemistry to functional groups which facilitate cellular uptake. As a 

result, since intracellular targeting groups have no mechanism by which the functionalized NDs can 

penetrate the cell membrane, intracellular targeting has yet to be conclusively addressed with multiple sites 

targeted and fluorescence colocalization experiments to confirm proper targeting.In this study, the ND 

bioconjugates were delivered into mitochondria in human skin cells (WS1) for subsequent conjugation 

reactions. Also, we set up the confocal diamond microscope for detection and imaging of labeled cells. The 

instrument checks nitrogen-vacancy (NV) centers in NDs for correlated magnetic and fluorescence imaging . 

Fluorescence colocalization experiments confirmed specific targeting of the ND bioconjugates to 

mitochondria. This directed subcellular targeting could enable spatiotemporal resolved measurements of 

ionic flow or local changes in concentration of reactive oxygen species within living cells. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-83 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Bioinspired Liquid Phase Deposition on Close-Packed Silica Bead 

Arrays 
 

Gyuri Kim, Yi-Seul Park, JIN SEOK LEE* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

Organisms can biosynthesize hierarchically patterned three-dimensional (3D) biominerals, called as 

biomineralization, such as calcium carbonate (mollusks shells), calcium phosphate (bone), and silica 

(diatom cell walls). The structural hierarchy in biominerals attributes strengths and stiffness, leading to 

protect themselves from natural environment. Especially, the process for production of silica into the living  

organism is known as biosilcification, which are often discovered in the diatom. Diatoms are complex and 

elaborated nano- and microstructured materials, whose architectures have numerous nanoscale pores with  

high porosity and high mechanical stability. Their extraordinary properties may have a potential for 

applications, such as sensors, molecular filters, and energy harvesting.In this work, we explored the 

silicification on the arranged nanoscale-scaffold surface, such as the hexagonally close-packed silica bead 

arrays with porous structures, to mimic 3D hierarchical structures of diatoms by local liquid phase 

deposition. The energy and local concentration of silicic acid on the nanostructured surface are different; 

therefore, it is important to investigate the liquid phase deposition on the nanostructure with diverse 

conditions to mimic and understand the mechanism of bioinspired morphogenesis. The different amount of 

water in LPD solution and reaction temperatures were used to investigate the effect of diverse environment 

because the biosilicification of diatoms occurs in the various surrounding environment such as 

concentration, temperature, and pressures. In addition, the silicification on the nanostructured surface 

deposited at the pinholes among the beads due to local high concentration, and this was monitored by 

Electrochemical Quartz Crystal Microbalance(EQCM). Furthermore, the pore arrangement and directions 

with 3D hierarchical structures were realized by patterned silica bead arrays and binary monolayers of 

different sized beads with varying the LPD conditions. 
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Hypercrosslinked Porous Organic Polymers for Densely Acidic Surface 

via Post-synthetic Acidifications 
 

Dongwon Kang, Hwa Young Lee, MINJUNG KANG, Sunhwi EOM, Jong Hyeak Choe, 
Chang Seop Hong* 

 
Department of Chemistry, Korea University, Korea 

  

We synthesized three hypercrosslinked porous organic polymers which are 1T, 1TC, and 1TCS. 1TC has 

carboxylic groups oxidized from methyl groups of 1T and 1TCS was modified from 1TC via direct post-

sulfonation using chlorosulfonic acid. The properties of compounds were analyzed by various techniques 

including infrared spectroscopy, thermogravimetric analysis, X-ray photoelectron spectroscopy, 13C Solid  

state nuclear magnetic resonance, gas sorption and impedance spectroscopy. Especially, 1TCS showed the 

highest ammonia capture capability per surface area. Detailed synthetic scheme and several properties will 

be given in the presentation. 
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Synthesis from 1D precursor bimetallic Metal-Organic Frameworks : 

Compositional homogeneity and rapid nucleation 
 

Hwa Young Lee, Chang Seop Hong*, Dongwon Kang, MINJUNG KANG, Sunhwi EOM, 
Jong Hyeak Choe 

 
Department of Chemistry, Korea University, Korea 

  

We synthesized bimetallic MOFs of M/Zn(dobpdc) (H4dobpdc= 4,4'-Dihydroxy-[1,1'-biphenyl]-3 ,3 '-

dicarboxylic acid) formed from one-dimensional Zn coordination polymer precursor. These compounds 

were characterized by powder X-ray diffraction, infrared spectroscopy, and gas sorption. Especially , 

compositional distributions of the bimetallic MOFs were evaluated by SEM-EDS, X-ray photoelcrtron 

spectroscopy, and ICP-AES. Detailed synthetic scheme and specific properties will be presented in the 

poster. 
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Improvement of water stability and carbon dioxide adsorption 

capacity of MOFs by coating with polymeric organosilicon compounds 
 

MINJUNG KANG, Dongwon Kang, Hwa Young Lee, Sunhwi EOM, Jong Hyeak Choe, 
Chang Seop Hong* 

 
Department of Chemistry, Korea University, Korea 

  

Moisture sensitivity of metal-organic frameworks (MOFs) is an important issue in carbon capture 

applications. We synthesized amine-functionalized Mn-MOF and coated the surface of the MOF with  

polydimethylsiloxane (PDMS) to convert the surface from hydrophilic to hydrophobic. The synthesized 

MOFs showed improved water stability and CO2 adsorption capacity after water vapor exposed. These 

coated compounds were confirmed by powder X-ray diffraction, infrared spectroscopy and sorption. 

Additionally, carbon dioxide adsorption capacity were evaluated by thermogravimetric analysis (CO2 15% 

/ N2 85%). Detailed synthetic scheme and specific properties will be presented in the poster. 
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Monoamine-functionalized Mg-MOF for oil separation applications 

 

Sunhwi EOM, Dongwon Kang, Hwa Young Lee, MINJUNG KANG, Jong Hyeak Choe, 
Chang Seop Hong* 

 
Department of Chemistry, Korea University, Korea 

  

We synthesized monoamine-functionalized Mg-MOF via post synthetic modification. The properties of 

compounds were analyzed by various techniques including infrared spectroscopy, thermogravimetric 

analysis, powder X-ray diffraction, gas sorption and water contact angle. Especially, OctA-MOF showed 

the pretty large BET surface area and water contact angle which was successfully applied for oil separation. 

Detailed synthetic scheme and several properties will be given in the presentation. 
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Tetraethylenepentamine functionalization on Mg2(dobpdc) : material 

characterization and improvement of CO2 adsorption 
 

Jong Hyeak Choe, Chang Seop Hong*, Dongwon Kang, Hwa Young Lee, MINJUNG 
KANG, Sunhwi EOM 

 
Department of Chemistry, Korea University, Korea 

  

We synthesized Mg2(dobpdc) and functionalized it using tetraetylenepentamine (tepa) in different 

concentration. These materials were characterized via infra spectroscopy, scanning electron microscope, 

X-ray photoelectron spectroscopy, and powder X-ray diffraction. Especially, CO2 adsorption capacity was 

evaluated by thermal gravimetric analysis. Detailed synthetic scheme and several properties will be given 

in the poster. 
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Controlling carbon dioxide capture kinetics by tuning particle size of 

diamine-functionalized metal-organic frameworks 
 

Daewon Kim, MINJUNG KANG1, Chang Seop Hong1,* 

 
Department of chemistry, Korea University, Korea 

1Department of Chemistry, Korea University, Korea 

  

We synthesized amine-functionalized Mg-MOFs with various molar concentration for crystal size tuning. 

The size-tuned MOFs showed varied sorption rates in ultradiluted CO2 condition which could be thought 

as current atmospheric CO2 concentration. These size-tuned MOFs were confirmed by power X-ray  

diffraction, infrared spectroscopy, scanning electron microscope and sorption. Carbon dioxide adsorption 

capacity was evaluated by thermogravimetric analysis (400 ppm CO2 balanced with N2 ). Detailed synthetic 

scheme and specific properties will be presented in the poster. 
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Selective formation of Ag and Au domains on MnO nanooctapods for 

potential dual imaging probes 
 

Dongwoo Shin, Hyunjoon Song* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

In the present study, the growth of Ag domains on the surface of MnO octapods yielded a uniform MnO 

octapod–Ag heterodimer structure by a phase-transfer protocol in toluene. The Ag domains were selectively 

formed on one of the high index surfaces of the MnO octapods. The resulting MnO–Ag heterodimers have 

basically two independent domains. On this basis, multiple functions are expected, including plasmon light 

scattering from the Ag domains and magnetic resonance from the MnO domains. Notably, the heterodimers 

strongly scattered visible light at 420 nm, and even a single particle signal could be detected in a dark-field  

spectroscopy image. The scattering peak was extended to the near-IR range by the formation of MnO 

octapod–AgAu hollow heterodimers via a galvanic replacement reaction. The heterodimers also showed 

weak ferromagnetism at low temperature, and exhibited a positive T1 signal in magnetic resonance imaging. 

These properties demonstrate that the MnO–Ag heterodimers can potentially serve as dual imaging probes 

for biological systems. 
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Selective hydrogen isotope separation via breathing transition in MIL-

53(Al) 
 

Jin Yeong Kim, Hoi Ri Moon* 

 
Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

Breathing of MIL-53(Al), a flexible metal–organic framework (MOF), leads to dynamic changes as narrow 

pore (np) transition to large pore (lp). During the flexible and reversible transition, the pore apertures are 

continuously adjusted, thus providing the tremendous opportunity to separate mixtures of similar-sized- 

and similar-shaped molecules that require precise pore tuning. Herein, for the first time, we report a strategy 

for effectively separating hydrogen isotopes through the dynamic pore change during the breathing of MIL-

53(Al), representative of flexible MOF. The experiment shows that the selectivity for D2 over H2 is strongly 

related to the state of the pore structure of MIL-53(Al). The highest selectivity (SD2/H2 = 13.6 at 40 K) was 

obtained by optimizing the exposure temperature, pressure, and time to systematically tune the pore state 

of MIL-53(Al). 
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Development of novel inorganic compounds for thermal interface 

materials (TIMs) 
 

DONGWOO LEE, Kang Min Ok* 

 
Department of Chemistry, Chung-Ang University, Korea 

  

Thermal management has become a major issue to enhance functionality and performance in many research 

fields including highly integrated electronic processors, lighting systems, and energy harvesting devices. 

Among them, thermal interface materials (TIMs) are critical components for efficient electronics cooling 

factor, where they act by filling unavoidable air gaps between contacting surfaces of heat sources and heat 

sinks. TIMs are typically composed of thermally conductive fillers and viscous polymer matrix to achieve 

high thermal conductivity. In particular, the thermal fillers directly affect the heat transfer system; thus, the 

development of various types of fillers is very important. In this study, various types of thermal fillers have 

been applied in the form of TIMs and the effects on the thermal properties are presented. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-93 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Synthesis and Physical Properties of Organic Mixed-Valence Ligand 

and Its Multistate Redox-Active Coordination Network 
 

Jooyeon Ha, Daisuke Hashizume*, Masaki Kawano1,* 

 
Center for Emergent Matter Science (CEMS), RIKEN, Japan 

1Department of Chemistry, Tokyo Institute of Technology, Korea 

  

Ligand-based redox-active coordination networks1 have recently attracted considerable attention as 

potential materials. Organic mixed-valence (MV) ligands may serve as a new functional component for 

coordination networks, but, to the best of our knowledge, reports on coordination networks composed of 

such MV ligands remain elusive.2 Therefore, the multi-redox-active/mult i-interactive ligand 5,5',8,8'-

tetra(4-pyridyl)-2,2'-(1,4-phenylene)bis-1H-perimidine (H2TPP) was synthesized and characterized. The 

multiple redox states of H2TPP including two MV states were confirmed by cyclic voltammetry (CV), UV-

vis-NIR spectroscopy and ESR spectroscopy. As H2TPP is only sparingly soluble in organic solvents, we 

developed a new method for the preparation of single crystals of Cd-TPP network, i.e., a solvent-free solid-

liquid interface reaction between H2TPP and molten metal ions. The redox properties of the Cd-TPP 

network were investigated by a solid-state CV and ESR measurements.1 D. M. D'Alessandro, Chem. 

Commun., 2016, 52, 8957.2 L. E. Darago, M. L. Aubrey, C. J. Yu, M. I. Gonzales, J. R. Long, J. Am. Chem. 

Soc. 2015, 137, 15703. 
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Synthesis and characterization of Nb/Mo-codoped VO2(M) 

nanoparticles and its thin films 
 

Jongmin KIM, Yeong Il Kim*, YOUNG HEE JUNG1, Hyun-Kwan Shim 

 
Department of Chemistry, Pukyong National University, Korea 

1Technology Laboratory, Mapro, Korea 

  

Lowering the transition temperature of VO2(M) that can switch the near infrared (NIR) transmittance by 

phase transition is a key factor for the practical applications to energy-saving smart windows of this material. 

Tungsten doping into VO2(M) is known to be the most effective method for this purpose but the doping 

also seriously decreases the transition sharpness and NIR switching efficiency dramatically decreases. 

Previously we reported that the codoping of W/Mg enhanced the transition sharpness as well as lowering  

the transition temperature. We also showed that the doping of Nb was as much effective as W-doping for 

lowering the transition temperature differently from the previously known studies as long as the Nb-doped 

VO2(M) was prepared by a hydrothermal and post-thermal transformation method.In this study we are 

going to show the synergistic effect of codoping of Nb and Mo into VO2(M). We have synthesized the 

Nb/Mo-codoped VO2(M) by a hydrothermal and post-thermal transformation method and prepared its thin 

films by a wet-coating method from its solvent-dispersed coating solution. The transition characteristics of 

the codoped VO2(M) nanoparticles and their thin films was investigated with comparison of single Nb-

doped ones. 
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Separation of Xe / Kr using metal-organic frameworks (MOFs) and 

metal nanoparticles 
 

Seohyeon Jee, KYUNG MIN CHOI* 

 
Division of Chemical and Biomolecular Engineering, Sookmyung Women's University, Korea 

  

Recently, we are dealing with the problem of treating Xe / Kr gas which is a volatile radionuclide material 

generated in spent fuel pre-treatment process. In this study, we have developed a separation adsorbent 

material capable of separating Xe / Kr gas with high selectivity at room temperature by combining porous 

metal organic structure optimized for gas separation and metal nanoparticles.The MOFs(Metal-organic 

frameworks) used in this study was synthesized by introducing Ag nanoparticle, which can increase 

adsorption selectivity of Xe gas, and synthesizing UiO66 based on Zr. UiO66 was partially fluorinated, 

which can increase Kr gas adsorption selectivity, FUiO66 was also synthesized. The partially fluorinated 

FMOFCu was also synthesized from N,N-dimethylformamide instead of Deionized water. BET analysis of 

the synthesized materials showed that Xe / Kr gas can be separated with high selectivity at room temperature. 
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Phenylimidazole-based homoleptic iridium(III) complexes and their 
excellent performance in blue phosphorescent organic light-emitting 

diodes 
 

YoungJae Kwon, Chan Hee Ryu, Moon bae Kim, Kang Mun Lee* 

 
Department of Chemistry, Kangwon National University, Korea 

  

We present the preparation of two functionalized phenylimidazole-based facial-homoleptic iridium 

complexes, FIr (fac-tris(1-(2,6-diisopropylphenyl)-2-(4-fluorophenyl)-1H-imidazoly l)iridium(III)) and 

CNIr (fac-tris(1-(2,6-diisopropylphenyl)-2-(3-cyanophenyl)-1H-imidazolyl)iridium(III)), and their full 

characterisation by multinuclear NMR spectroscopy and elemental analysis. Investigation of the molecular 

structures of the two iridium complexes by single-crystal X-ray diffraction revealed the facial-isomeris m. 

Both complexes showed a definite blue-emission band (λem = 454 nm for FIr and 462 nm for CNIr) in 

solution and film states at ambient temperature. Moreover, the complexes exhibited significantly high 

phosphorescent quantum efficiencies in mCP (1,3-bis(N-carbazolyl)benzene) film doped with 5 wt% 

system (0.87 for FIr and 0.99 for CNIr). Thermogravimetric analysis of the complexes displayed their high 

thermal stabilities as Td5 values (5 wt% loss) above 390 °C. The frontier energy levels of both complexes  

calculated from the oxidation and reduction potential were measured to be from approximately −6.1 eV 

(HOMO) to approximately −2.8 eV (LUMO), which indicated their suitability as novel phosphorescent 

emitters for blue OLEDs. In addition, multi-layer phosphorescent organic light-emitting diodes using FIr 

and CNIr as emitters and mCP as a host have been fabricated. The devices exhibited low turn-on voltages 

and high external quantum efficiencies (18.9% for FIr and 22.5% for CNIr) with blue phosphorescent 

emission under CIEy = 0.3 (y coordinate of Commission Internationale de l’Eclairage). Moreover, the CNIr 

based device showed stable lifetimes greater than 550 h at 200 cd•m−2, which is much longer than that of 

the common phenylpyridine-type blue triplet emitter based device. 
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Colloidal ZnO-Cu2O hybrid nanocatalysts for selective photocatalytic 

CO2 conversion into methane by water 
 

Jinmo Kim, Hyunjoon Song* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Developing catalytic systems with high activity and selectivity is a fundamental issue for photochemical 

CO2 conversion. Herein we synthesize ZnO-Cu2O hybrid nanoparticles as colloidal forms with well-

defined morphology. The ZnO-Cu2O nanoparticles behave as highly active photocatalysts for direct CO2 

conversion in an aqueous medium, with the selectivity of CH4 production approaching > 99%, the high 

activity (1080 μmol/gcath) and a quantum yield (1.5%). These high performances of the ZnO-Cu2O hybrid 

catalysts are attributed to an excellent band alignment of the ZnO and Cu2O domains and their defect-less 

junctions, which allow to suppress defect-induced charge recombination and enhance effective electron 

transfer between the domains. 
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A Fast and Controllable Way to Fabricate Porous MOF Films and 

Surface-enhanced IR Detection of Benzene 
 

raekyung kim, KYUNG MIN CHOI* 

 
Division of Chemical and Biomolecular Engineering, Sookmyung Women's University, Korea 

  

The surface coating of porous materials is a technically important subject. In this study, using this point, 

we demonstrate a fast and controllable method for fabrication of porous metal-organic frameworks(MOFs ) 

flims and use these films for surface-enhanced IR detection of benzene. Specifically, we synthesized 

nanocrystalline nMOFs, and used their colloidal dispersion to make nMOFs films by spin-coating process. 

After finding high sorption property of benzene in nMOFs , the nMOFs film formed on plasmonic Au 

substrates was successfully applied to the detection of benzene using surface-enhanced IR spectroscopy. 

These results indicate that our method to make a porous thin film of MOFs on the plasmonic substrate 

provide a facile way to observe gas molecules using the surface-enhanced IR detection and possibilities to 

further investigate their reaction mechanism using enhanced in-situ IR signals. This is the first case of 

making nMOF particle coating on a plasmonic substrate for surface enhanced IR detection of volatile  

organic compounds(VOCs). 
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Kinetic Study on Group Transfer Reaction Occurring at a (PPP)Ni 

Center using Para-substituted Phenoxides 
 

Nara Kim, Yunho Lee* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Metal-ligand cooperation (MLC) based on non-innocent ligands has recently been considered an important 

concept in transition metal catalysis. MLC is different from the classical catalytic reactions in a way that 

both the metal center and ligand are actively involved in the reaction. While there are several exemplified  

non-innocent ligands employing various π-conjugated systems such as aryl-substituted bis(imino)pyridine, 

there are only few examples of non-innocent phosphine containing ligands. Our group recently reported a 

unique example of MLC by utilizing a phosphide-based ligand, PPP ligand (PPP– = P[2-PiPr2-C6H4]2–). 

Reversible phosphide/phosphinite interconversion of the PPP ligand is coupled with a redox change at the 

central metal ion, which involves a structural change between square planar and tetrahedral. In order to 

understand this unusual MLC, (PPP)Ni(ER) with various ER groups (E = O or S, R = aryl or alkyl) were 

investigated with a π-acidic ligand such as CO and isocyanide. A nickel(II)-isopropoxide complex, 

(PPP)Ni(OiPr), undergoes two different pathways. While migratory insertion (MI) occurs with CO, the 

reaction of (PPP)Ni(OiPr) with CNtBu generates a MLC product having a P-O bond via reductive 

elimination (RE). In the case of thiolate group, a reversible intramolecular P-S bond formation via thiolate 

group transfer occurs with CO. In this presentation, we will discuss the mechanism of the metal-ligand  

cooperative reaction occurring at the nickel center supported by a PPP ligand. In order to understand the 

bond cleavage between nickel and the oxygen atom of phenol during the MLC involving reaction, para 

substituted phenoxides having electron-donating and –withdrawing substituents were utilized. A series of 

nickel(II) complexes, (PPP)Ni(OC6H4X) (X = H, OMe, Me, CF3) were synthesized by treating (PPP)NiCl 

with corresponding para substituted phenoxide and their reactivity toward a π-acidic ligand, CO were 

investigated. Conversion to a zero-valent nickel monocarbonyl complexes was achieved from the 

carbonylation reactions of these nickel(II)-phenoxide complexes. To obtain the reaction rates, each reaction 



was monitored using variable temperature UV-Vis spectroscopy. Based on resulting kinetic data revealing 

clean pseudo first-order fits, the observed rate constants were determined. 
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Synthesis and Characterization of a 4-Coordinate Cobalt(I) Dinitrogen 

Species 
 

JONGHO SO, Yunho Lee* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Metal nitrene species draws much attention due to their unique reactivity in various organometallic  

reactions. The isolation and characterization of the late first-row transition metal complexes possessing a 

metal-nitrogen multiple bond are difficult because of their strong reactivity with instability relative to that 

of early transition metals but they are particularly of interest in our group. To investigate the role of such 

intermediates, it is important to understand their electronic structure which is closely related to their 

geometry. Although few well-characterized examples are reported, metal imido species beyond the oxo-

wall such as cobalt and nickel are still rare. In order to access to such metal species, appropriate local 

geometry about a metal ion is crucial, thus a low coordinate metal species is under investigation as our 

current approach. In addition, by incorporating a silyl donor in a pincer ligand, one can achieve a strong σ-

bond with late transition metal ion, thus desired stability can be attained.Here, we will present cobalt 

complexes supported by an anionic diphosphinosilyl MeSiP2 ligand (MeSiP2– = MeSi[2-PiPr2-C6H4]2–). The 

precursor cobalt(II) complex was prepared by incorporating an anionic silyl coordination to cobalt(II) 

center via the deprotonation of a Si-H bond followed by dehalogenation. A 4-coordinate monovalent cobalt 

dinitrogen species, {(MeSiP2)Co}2(μ-N2) was successfully synthesized from the 1-electron reduction of 

(MeSiP2)CoBr. The dinuclear cobalt dinitrogen complex was characterized by various spectroscopic 

techniques and X-ray crystallography. Azide reagents such as PhN3 and AdN3 were introduced to access to 

the desired metal imido species. The details of the characterization of cobalt complexes and its reactivity 

toward azide will be discussed. 
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Intermediate studies of aluminum and iron complex in CO2 activation 

with epoxide 
 

Sanha Park, Yunho Lee* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Carbon dioxide conversion into valuable chemicals has received much attention since it has potential 

applications as an abundant, nontoxic and renewable C1 source. The most widely studied area in the 

activation of CO2 is its coupling reaction with various epoxides to produce industrially important  

commodity chemicals such as, polycarbonate and cyclic carbonate. Herein, we are trying to understand 

aluminum and iron complexes in parallel, by comparing the difference in selectivity of the iron and 

aluminum catalyst based on an imino-tris(phenolate) ligand. While generating polycarbonate and cyclic 

carbonate in the catalytic cycle, a metal oxide complex is possible, in which the metal center is coordinated 

to an oxygen atom of ring-opened epoxide. A following metal carbonate intermediate is generated by 

insertion of CO2. To investigate the intermediates, we are striving to directly synthesize metal oxide and 

carbonate complexes with aluminum and iron. An aluminum complex, {(NO3)Al}2, was synthesized and 

has been well characterized by various spectroscopic techniques and X-ray crystallography. Sodium 

isopropoxide, which possesses an analogous structure of ring-opened propylene oxide, was added to 

{(NO3)Al}2 to synthesize {(NO3)Al(OiPr)}Na, the expected intermediate-like aluminum isopropoxide. 

Following insertion of CO2 possibly generates the carbonate intermediate, {(NO3)Al(OC(=O)OiPr)}Na. An 

iron complex, {(NO3)Fe(THF)}2, was synthesized and well characterized by various spectroscopic 

techniques and X-ray crystallography. In a similar way, two kinds of the iron complex intermediate could 

possibly be prepared: {(NO3)Fe(OiPr)}Na and {(NO3)Fe(OC(=O)OiPr)}Na. By comparing the aluminum 

and iron complexes in a parallel way, we expect to better understand the intermediates of the aluminum and 

iron complexes and might suggest a plausible reason for the selective behavior. 



 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-102 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Fabrication of Mixed Matrix Membrane with a Porous Organic 
Polymer for Proton Exchange Membrane Fuel Cell Applications 

 

MinKyu Moon, Dong Won Kang1, Chang Seop Hong1,* 

 
Korea University, Korea 

1Department of Chemistry, Korea University, Korea 

  

We prepared a porous organic polymer conductor, 1S, showing high proton conductivity (7.72 x 10-2 S cm-

1). After mixing 1S and polyvinylidene fluoride (PVDF) with various ratio to enhance mechanical strength 

for solid electrolyte in proton exchange membrane fuel cell (PEMFC), we obtained proton conductive films  

(1S40, 1S50, 1S60, and 1S70). These films were characterized with infrared spectroscopy, 

thermogravimetric analysis, x-ray photoelectron spectroscopy, and impedance measurements. Detailed  

synthetic scheme and several properties will be given in the presentation. 
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Crystallinity and Porosity Enhancement of Poorly Crystalline Metal-

Organic Frameworks 
 

SUJEONG LEE, sojin Oh, HAJIN YOON, Moonhyun Oh* 

 
Department of Chemistry, Yonsei University, Korea 

  

Metal-organic frameworks (MOFs) have received great attention owing to their fascinating structural 

features, and their useful properties/applications. In special, the structural features of MOFs are important  

in defining their properties/applications. Actually, high surface area and porosity of MOFs are the most 

central structural features, and as such, many practical applications of MOFs originate from these structural 

features. Herein we demonstrate the crystallinity and porosity enhancement of poorly crystalline MOFs by 

constructing them in core–shell-type hybrids through the inductive growth of MOF on the surface of well-

crystalline template. 
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Characteristics of alkaline metal salts promoted MgO on CO2 

absorption and desorption in mid-temperature 
 

Jeong-Min Lee, Jin-Su Kwak, Kang Yeong Kim, Kyung-Ryul Oh, Young-Uk Kwon* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

It has been reported that MgO based materials show different CO2 absorption and desorption behavior 

depending on its morphology. The synthesis of MgO/C with flowerlike morphology reported by Li et al. 

was adopted to make the most of surface area effect for CO2 capture. We expected flowerlike MgO/C and 

alkaline metal salts to be mixed well attributed to high surface area of MgO/C. After mixing, amorphous 

carbon was removed by thermal treatment. It is known that alkaline metal salts promote CO2 absorption 

process of MgO at intermediate temperature ranged from 200 to 500 ℃. We select K2CO3 and KNO3 as 

promoters among various alkaline metal salts and characterize their promoting effects in terms of ratio and 

preparation condition of sample. K2CO3-promoted MgO has different CO2 absorption tendencies according 

to K/Mg ratio. It seems that there is optimized ratio of potassium to magnesium for effective CO2 capture. 

We observe that conversion rate of MgO for CO2 capture increases with the increase of K/Mg ratio in case 

of K2CO3-promoted MgO. Meanwhile, in regard to KNO3-promoted MgO with LiNO3 additive, we focus 

on its activation phenomenon during a cycle rather than a tendency related to quantitative effect of promoter. 

The details will be presented in the poster. 
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Difluoro(imidazolium)sulfuranes 

 

Soobin Lim, Eunsung Lee* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Hypervalent iodine compounds, which enable to transfer electrophilic groups such as trifluoromethyl, aryl, 

amine, halogen and other groups to substrates have been studied in abundance.1 However, synthesis and 

reactivity of imidazolium sulfuranes containing hypervalent sulfur with bromine, chloride or cyanide group 

was reported recently by the Alcarazo group.2 The cyanide group was further transferred to other molecules  

by C-H bond activation. With the importance of hypervalent sulfurane, we have been exploring  

imidazolium difluorosulfuranes containing hypervalent sulfur with fluorine. By oxidation of N-heterocyclic 

carbene (NHC) thioureas with xenon difluoride, we successfully synthesized the imidazo lium 

diflurosulfuranes and it is the first example of stabilization of highly reactive sulfur difluoride. It was 

characterized by NMR spectroscopy and X-ray crystallography. Their fluorine atom transfer reactivity 

includes fluorination of carboxylic acid to afford corresponding carbonyl fluoride. Although it was found 

that fluorination capability of the difluoro(imidazo lium)sulfuranes is very limited unlike other 

deoxyfluorinating sulfur-based reagents, synthetic methods and structural characterization of NHC-SF2 will 

be added to another important example of carbenes’ unique reactivity. Furthermore, synthesis of thiourea 

dimers by trimethylsilyl trifluoromethanesulfonate will be presented.Reference(1) Merritt, E.; Olofsson, B. 

Angew. Chem., Int. Ed. 2009, 48, 9052−9070.(2) Talavera, G.; Peña, J.; Alcarazo, M. J. Am. Chem. Soc. 

2015, 137, 8704−8707. 
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Simple Synthesis of MgCO3 and Na2Mg(CO3)2 through Alkali Metal 

Nitrate Medium 
 

Kyung-Ryul Oh, Kang Yeong Kim, Jin-Su Kwak, Young-Uk Kwon* 
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MgCO3 and Na2Mg(CO3)2 are anhydrous forms of magnesium carbonate, which are hard to synthesize in 

aqueous solution at ambient temperature and pressure because of large hydration energy of magnesium ion. 

Molten salt provides liquid medium at higher temperature than normal solvents, therefore various kinds of 

metal oxides have been synthesized by molten salt method. Furthermore, alkali metal nitrates are used as 

promoting agents for MgO-based CO2 absorbent at intermediate temperature (200-500 °C). Based on these 

backgrounds, we successfully synthesized anhydrous MgCO3 and Na2Mg(CO3)2 using hydromagnesite 

(MCH) and alkali metal nitrate at 325 °C under CO2 flow. Water of hydration decomposes and Mg(OH)2  

converts into MgCO3 at given condition. The existence of Na2CO3 determines the products being MgCO3 

or Na2Mg(CO3)2. It was confirmed that neither of MCH nor a mixture of MCH and Na2CO3 produces 

MgCO3 or Na2Mg(CO3)2 at same condition. Every kind of alkali metal nitrate successfully acted as a 

reaction medium, giving different particle morphology. The characterization of samples were performed  

by powder X-ray diffraction measurements (XRD), thermogravimetric analyzer (TGA), and field emission 

scanning electron microscopy (FE-SEM), which verified that the synthesized products are pure anhydrous 

rhombohedral MgCO3 and Na2Mg(CO3)2. 
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Synthesis of Metal-Semiconductor Double Shell Hollow Nanocubes for 

Highly stable Water Splitting Photocatalysts 
 

Woong Choi, Hyunjoon Song* 
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A rational combination of nanoscale reactions can offer complex nanostructures with multiple components. 

In the present study, a general synthetic protocol was developed to generate metal-CdSe double shell hollow 

nanocubes. Three well-known nanoscale reactions, Galvanic replacement, chalcogenization, and cationic 

exchange, were sequentially applied to the original Ag nanocubes, yielding PtAg, Pt-Ag2Se, and Pt-CdSe 

hollow nanocubes, respectively. The final structure was composed of two distinct layers of Pt and CdSe 

domains. Thin and continuous Pt inner layers were formed at the stage of selenization due to the nanoscale 

Kirkendall effect. With the variation of the metals (Pt, Au, and Pd) and metal selenides (Ag2Se, CdSe), six 

different metal-semiconductor hybrids were produced with an identical morphology of the double shell 

hollow nanocubes. Thicknesses of metal and CdSe layers were also regulated by controlling amounts of 

metal contents at the Galvanic replacement step. The resulting Pt-CdSe double shell hollow nanocubes 

effectively catalyzed photochemical hydrogen evolution reactions with long term stability. 
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DNA-functionalized Gold Nanodimers for Monitoring Rotation 

dynamics of single lipid molecule on supported lipid bilayer 
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Enzyme-coupled receptor protein such as EGFR has been known that activation for internal signaling is 

induced by receptor dimerization. During dimerization, transmembrane domains of the two receptors are 

twisted each other for further intracellular signaling. One of the suggestions regarding to the mechanism is, 

yet controversial, that rotation of proteins plays vital role in twisting process. However, lack of proper 

imaging probe for monitoring of rotation dynamics on living cell, almost none of studies are demonstrated 

regarding to rotation of transmembrane proteins. We fabricated valency-controlled asymmetric gold 

nanoprobe using DNA functionalization on nanoparticle surface. Gold probes were tested on supported 

lipid bilayer as a model system and we successfully monitor the rotation of lipid molecules. Lateral and 

rotational diffusivity is measured and the values are found to be independent to each other. Application of 

the probes to live cell will pave the way of understanding rotation dynamics of various biomolecules  

including lipids and membrane proteins. 
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Single cell manipulation by magnetic nanoparticle cloaking 

 

Jiseong Park, Daeha Seo* 

 
Department of Emerging Materials Science, Daegu Gyeongbuk Institute of Science & Technology, Korea 

  

Although most of the research on cellular phenotype has focused on genetic and chemical factors, physical 

parameters such as diffusion dynamics, density of cells and distance between cells are non-negligible 

factors because of complex signaling network of cells. To manipulate physical parameters, mechanical 

force generator at the cellular level is needed. Magnetic nanoparticles (MNPs) can be a good tool to solve 

some biological questions due to their inherent magnetic property. Herein, we synthesized MNPs and 

conducted additional surface chemistry to ensure the dispersion stability of MNPs in aqueous phase and to 

prevent nonspecific binding with other biomolecules. Due to the non-interfering property of cloaking  

nanoparticles, it can manipulate single cells without affecting the original function of cellular components. 

Also, by using the functional groups obtained from surface chemistry, MNPs are conjugated with gold 

nanoparticles that show optical properties in visible region. We confirmed optical properties of the hybrid 

nanoparticle by using dark-field scattering microscopy. The hybrid structure will be advantageous for 

studying the mechanisms of various phenomena at the single molecular level as well as at the single cellular 

level. 
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Multicolor Quantum Dot Labeling of Both of Hydrophilic and 

Hydrophobic Regions of Liposome 
 

Yeonki Hong, Daeha Seo* 
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It is now recognized that plasma membrane regulating all protein functions by generating a variety of micro-

domains. Despite importance of plasma membrane in spatiotemporal dynamics, direct imaging probe to 

observe the lipid bilayer in live cell is limited compared with other membrane receptors and their 

compartments, becausethe imaging probe should overcome the chemical potential between hydrophilic and 

hydrophobic layers. Here, we constructed probe delivery systems to the plasma membrane by generating 

hybrid nanostructures composed of liposome and inorganic nanocrystals, quantum dots (QDs). Since the 

thickness of lipid bilayer is about 4 nm, QDs are suitable optical probe which is typically between 2 and 10 

nm in size. We prepared small unilamellar vesicles (SUVs) composed of trioctylphosphine oxide-coated 

green QDs embedded in lipid bilayer and mercaptopropionic acid-coated red QDs encapsulated in SUV. 

Fluorescence microscopy images of the SUVs show a colocalization of hydrophobic and hydrophilic QDs. 

Such system should find broad utility in studies requiring single-molecule imaging either in cytosolic or in 

lipid membrane. 
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Electrochemistry of Aqueous-nanoDroplets(AnD) Investigated by 

stochastic Collision Events on Microelectrodes : Nernstian Reduction 
to Metal Nanoparticle Synthesis 

 

Young Eun Jeun, Hyun Seo Ahn* 
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Stable Aqueous-nanoDroplets (AnDs) of various sizes were synthesized in chloroform by the use of dioctyl 

sulfosuccinate sodium salt (AOT) as an emulsifier. Stochastic interactions of AnDs with an 

ultramicroelectrode (UME) was observed and statistically analyzed by the Nernstian reduction of 

ferricyanide inside the UME-colliding AnD. The study was further extended to the synthesis of copper 

nanoparticles by the AnD-UME-collision method, yielding copper particles of controlled size, monitored  

in-situ by electrochemistry and ex-situ by TEM. 
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Synthesis of Ni(OH)2 Cluster-Decorated Pt Nanocubes and Their 

Electrocatalytic Activity towards the Hydrogen Evolution Reaction in 
an Alkaline Electrolyte 

 

Youngmin Hong, Sang-Il Choi* 
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The hydrogen evolution reaction (HER) is a critical step in many industrial processes, including water 

electrolysis, metal deposition, corrosion, and fuel production from CO2 reduction. In particular, the 

production of H2 through the HER in water electrolyzers has recently received large attention due to the 

increasing demand for H2 gas as a key energy source for renewable energy systems. Recently, Subbaraman 

and co-workers demonstrated that the Ni(OH)2 clusters electrochemically deposited on a Pt electrode could 

significantly enhance the HER in an alkaline medium due to a bifunctional mode. Specifically, the edges 

of oxophilic Ni(OH)2 clusters promote the dissociation of water and concomitant generation of Had that 

subsequently adsorbs on nearby Pt surfaces and finally recombines into molecular hydrogen (H2). This 

bifunctional approach presents a promising strategy for enhancing HER activity in an alkaline medium. In 

this work, we systematically studied the relationship between Pt nanocubes enclosed by {100} facets and 

different amounts of Ni(OH)2 deposited on Pt surfaces. Pt nanocubes were synthesized under CO gas 

atmosphere, and then Ni(OH)2 clusters were purposely formed on their surfaces. Well-controlled Ni(OH)2  

clusters with different amounts on Pt nanocube surfaces showed Volcano-plot trend of HER activity in a 

KOH electrolyte. 
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Exploration of Catalytic Selectivity in Ethylene Oligomerization: 

Anchoring Catalytic Sites in a Tailored Metal-Organic Framework 
 

Kyunghwan Kim, Sungeun Jeoung1, Hoi Ri Moon2,* 
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Metal-organic frameworks (MOFs) have recently emerged as a promising platform for heterogeneous 

catalysts owing to their high surface area and tunability. Herein, we designed a MOF, flexMOF(CN) 

possessing free nitrile groups to anchor single-site catalyst. This flexMOF(CN) shows flexible behaviors 

such as gate-opening and breathing upon kinds and amounts of guest molecules, especially showing the 

structural transformation upon CO2 pressure. With the active transition metals anchored to the MOF 

scaffold, we expected the synergistic effects of the flexible system on the catalytic reaction. Indeed, its 

flexibility resulted in the interesting catalytic performance with selectivity upon reaction conditions in gas-

phase ethylene oligomerization reaction. More importantly, in the CO2 atmosphere at the gate-opening 

pressure, the catalytic conversion was significantly improved and the selectivity was also changed. As a 

result, flexible MOFs can give an opportunity to control and enhance the catalytic performances by tuning 

specific reaction conditions. 
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Imaging of gold nanorods to visualize translational and rotational 

motion of single protein 
 

HyeongGyu Jin, Daeha Seo* 
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To visualize the bio-molecular interaction at a single molecular level in live cells, the development of 

imaging probe is essential. Gold nanoparticles (Au NPs) have unique optical properties due to the localized 

surface plasmon resonance (LSPR) and it is well known as an imaging probe in live cells because of their 

non-toxicity and chemical stabilities. Especially, gold nanorods (Au NRs) have the interesting optical 

properties depending on aligned directions. Therefore, we analyzed the optical properties of Au NRs using 

polarized dark-field scattering microscopy. When changing rotation degrees of polarized light, intensity 

changes were observed. Then we confirmed the availability of Au NRs as a plasmonic probe simultaneously 

visualizing lateral and rotational molecular dynamics in cells. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-115 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Unraveling facet-selective electrodeposition process of Copper onto Ag 

nanocubes via plasmonic imaging techniques at single-particle level 
 

Hyuncheol Oh, Youngchan Park, Hyunjoon Song* 
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Plasmonic nanomaterials have been widely used in catalysis and sensing applications on account of their 

physical and chemical properties. However, obtaining optical information on surface reactions of individual 

nanoparticles has been a challenge experimentally. Herein, we exploit the facet-selective electrodeposition 

of Copper and alloying process on energetically active surface of silver nanocubes through 

spectroelectrochemistry, including matlab-coded multi-particle imaging analysis. These techniques enable 

for systematic approaches on a close understanding of surface reaction mechanism at single-particle level, 

without adverse effect by ensemble averaging and geometrical deviations. Using single–particle plasmon-

voltammetry (spPV) obtained from differentiation of shift pattern of plasmon band according to 

electrochemical potential, we found electrochemical growth and alloying mechanism on Ag-Cu bimetallic  

system, in detail. The experimental results by electrochemical response are correlated with theoretical ones 

by FDTD simulations with potential-modified dielectric function, accounting for rationality on the kinetic 

and mechanism analysis. We explored the local distribution of electrochemical activities within a single 

nanocube, providing a great understanding on electrochemical bimetallic interconnection. 
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Porous Coordination-Covalent Polymers (PCCPs) built up of Ti-oxo 

clusters 
 

Seonghun Park, Jinhee Park1,* 
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Recently, porous organic-inorganic hybrid materials have attracted considerable attention for their 

applications in diverse research areas. Among them, porous coordination-covalent polymers (PCCPs) built 

up of metal-oxo clusters and multi-functional monomers involve several advantages over traditional porous 

materials. First, PCCPs consist of catalytically active metal sites such as Ti-oxo clusters. In fact, additional 

metal ions can be introduced easily through the formation of coordination bonds with aminal, pyridine, and 

urea groups in the polymers. Second, the PCCPs possess hierarchical porosity ranged from micro- to 

macropores, which will be beneficial for fast kinetics in guest molecule adsorption or catalytic applications. 

Lastly, the PCCPs exhibit high air and moisture stability due to their covalent bonds. In this research, the 

Ti-PCCPs prepared by condensation polymerization of Ti-oxo clusters and organic monomers will be 

presented. Their porosity and photocatalytic activities are carefully examined. 
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Chemical Toolkit for Spatiotemporal-Quantitative Manipulation of 

Intracellular Signaling 
 

Sangwon Shin, Jaeheung Cho1,*, Daeha Seo* 
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Systems biology is a collective understanding of the composition, relationships, interactions, and dynamics 

of the components that make up the system in which biological phenomena occur, in order to uncover the 

fundamental principles governing complex life phenomena. System biology requires tools that can regulate 

the activity of molecules and proteins in the cell, both spatiotemporally and quantitatively, as well as 

biological sensors that can measure the output of cell signals. We synthesized inorganic compounds that 

have photolytic ligands to activate target cell signal and constructed biological sensors through plasmid 

cloning and transfection. The cell permeable cobalt complex [CoⅢ(MDAP)(CH3CN)(NO)](ClO4)2 

releases NO by receiving light in the cell, which activates the ERK signal in the cell. By activating the ERK 

signal of the biological sensor model cell, the change of the cell signal can be observed in real time by 

fluorescence microscopy. It is based on the study of system biology by enabling spatiotemporal and 

quantitative regulation of cells and observing changes in cellular signals. 
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Hemicore-shell based alloy@alloy nanoframes as bifunctional 

electrocatalysts for acidic overall water splitting 
 

SONGA CHOI, Jongsik Park, Kwangyeol Lee* 

 
Department of Chemistry, Korea University, Korea 

  

Ir-based multimetallic nanoparticles have been largely investigated as one of the most active 

electrocatalysts toward the OER and HER. From a structural point of view, the nanoframework with high 

surface area and core@shell nanoparticles with strain effect driven from the lattice mismatch are regarded 

as promising electrocatalysts. However, it is difficult to combine these advantages into the one single 

nanoparticle. Herein, we reported the synthetic method of AuCu@IrNi hemicore-shell nanoframes and they 

exhibit excellent activity and durability for both oxygen evolution reaction and hydrogen evolution reaction 

in acidic condition. 
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FRET based long-lasting and bio-compatible nanoruler 

 

Eunjin Choi, Daeha Seo1,* 
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Fluorescence resonance energy transfer (FRET) is widely used method in bio-imaging, especially for 

measuring distance in real time. FRET between two conventional fluorophores such as organic dyes and 

fluorescence proteins is generally used. However, observation duration is not sufficiently long ( 
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A Titanium-Carboxylate Metal-Organic Framework Based on a Ti-oxo 

Chain Cluster 
 

Yesub Koum, Jinhee Park* 
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Development of new titanium-based metal-organic frameworks (MOFs) with high crystallinity has been 

attracting significant research attention because it allows understanding of the structure-property 

relationship in their photocatalytic applications. Herein, we present a new single crystalline titanium-

carboxylate MOF (1), which is built up from a porphyrinic linker and Ti-oxo chain cluster. 1 exhibits strong 

absorption in the visible light region. The photocatalytic activity of 1 was investigated by measuring the 

efficiency of singlet oxygen (1O2) generation upon the visible light (400-800 nm) irradiation. 1 showed the 

most efficient generation of 1O2 over Ti-oxo clusters, TiO2, and PCN-222. 
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Synthesis of Janus heterostructures via asymmetric cation exchange 

dependent on crystal unit cell structure 
 

Jisol Park, Jongsik Park, Kwangyeol Lee* 
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Janus or hetero nanoparticles with multiple components have a great attention compared to conventional 

nanoparticles because they provide asymmetric directionality within a single particle and can thus 

differentiate unprecedented chemical or physical properties compared to conventional symmetric 

nanoparticles. The symmetry breaking methods to synthesize asymmetric nanoparticles offer distinctive 

routes to fabricate the rationally designed target applications, however, the difficulties of preparing complex 

nanoparticles have initially been a considerable challenge. Herein, we demonstrate the unique diffusion 

pathway of additional alloy formation could be controlled dependent on their crystal unit cell structures. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-122 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Synthesis of Au@Co core-shell nanocrystal and its derivatives via 

sulfidation and phosphidation for water electrolysis 
 

Jun Kim, Kwangyeol Lee* 
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Due to the ever increasing consumption of fossil fuels, clean energy source such as hydrogen is being 

targeted as sustainable future energy. Among several means to hydrogen production, water electrolysis is 

considered environment-friendly and viable, however, the development of efficient, non-noble metal-based 

catalysts is still in need to realize hydrogen production by water electrolysis in commercial scale. Herein, 

we report a facile one-pot synthesis route to Au@Co nanocrystals and their derivatives by sulfidation and 

phosphidation methods for water electrolysis. 
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Phase segregated Pt-based ternary dendrite@frame nanocatalyst for 

the oxygen reduction reaction 
 

Jongsik Park, Kwangyeol Lee* 
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Platinum is well known for its superior activity in oxygen reduction reaction (ORR). The intrinsically infirm 

nanoframework exhibits highly active electrocatalytic performance, however, there are stability issues 

during the electrocycling test due to its flimsy structural feature. Herein, we report the one-pot synthesis 

method of preparing the dendrite@frame nanostructures having different Pt-based alloy phases which are 

both active and robust toward the ORR compared to commercial Pt/C. 
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Metastable template (copper sulfide/phosphide) based synthesis of 

palladium copper sulfide/phosphide nanoparticles toward hydrogen 
evolution 

 

Haneul Jin, Jongsik Park, Kwangyeol Lee* 
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Finding materials with optimal surface energy for hydrogen attaching and detaching is of great interest to 

develop great catalysts toward hydrogen evolution. Pd is well known for its high H-binding affinity. 

However, it is too high to leave hydrogen gas easily as a product. Metastable materials such as CuxS and 

CuxP are great templates because of leachable characteristics of Cu to tune surface energy by leaving 

morphological and elemental features in the product. Herein, we synthesized PdαCuβS and PdγCuδP 

nanoparticles using CuxS and CuxP nanoplates as templates, respectively. As-synthesized nanoparticles 

showed great catalytic performances to hydrogen evolution reaction. 
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Ruthenium Nitrosyl Complexes with Extended Quinoline Derivative 

Ligands 
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Nitric oxide (NO) plays a variety of role in biological systems. NO is produced from L-arginine, which is 

catalyzed by nitric oxide synthases (NOSs). In recent years, researchers found 3 types of NOSs: nNOS 

(neuronal NOS), iNOS (inducible NOS), and eNOS (endothelial NOS). Among these, iNOS can do 

destruction of tumors. This can be utilized for cancer. It has been known that ruthenium nitrosyl (RuNO) 

complexes have a great NO releasing ability, which is induced by photons. This has a potential in facilitating  

cancer treatment. For this reason, many kinds of ligands were reported for RuNO complexes. In this 

research, we have developed new RuNO complexes with tetradenate quinoline-derivative ligands aiming  

at a high quantum yield. We have monitored the photo-induced NO-releasing of the RuNO complexes using 

NMR, IR, UV-Vis, and EPR. Here, we discuss the results. 
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Colloidal synthetic route to hybrid nanoparticles based on template-

mediated method 
 

Taekyung Kim, Haneul Jin, Jongsik Park, Kwangyeol Lee* 
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It is very difficult to determine the order of orientation or composition in the growth of nanostructures. 

Materials with such a composition sequence will naturally grow vertically on a two-dimensional substrate 

(such as Si wafer), but it is not easy to synthesize such nanoparticles in colloidal solution particularly. 

Meanwhile, template-mediated growth of nanoparticles is a very efficient method to synthesize well-

defined colloidal nanocrystals because the template can be used as a platform where other materials are 

deposited by reduction and template components are capable of being released out by dissolution of 

template itself. In this research, we suggest the concept of a facile colloidal synthesis of hybrid nanoparticles 

prepared by template-mediated method. 
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IrRu alloy nano-cactus as a bifunctional electrocatalyst for overall 

water splitting in acidic electrolyte 
 

Jinwhan Joo, Haneul Jin, Kwangyeol Lee* 

 
Department of Chemistry, Korea University, Korea 

  

The development of highly efficient and stable bifunctional electrocatalysts for overall water splitting in 

acidic electrolyte is necessary for polymer electrolyte membrane (PEM) electrolyzers, but still full of 

obstacles. While several bifunctional catalysts are developed, they shows dramatic degradation of activity 

in acidic condition. Herein, we report the preparation of cactus-like hollow Cu2-xS@IrSy@IrRu 

nanoparticles (CIS@IrRu NPs) that show high catalytic activity and stability for both hydrogen evolution 

reaction and oxygen evolution reaction in acidic electrolyte. 
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Synthesis of transition metal sulfide nanotube with noble metal dopant 

from template for efficient electrolytic oxygen evolution catalyst 
 

Taehyun Kwon, Kwangyeol Lee* 

 
Department of Chemistry, Korea University, Korea 

  

Development of electrocatalysts with reduced noble metal content and increased catalytic performance has 

been of importance in cost-effective design of fuel cell and electrolytic water splitting devices. While best 

catalytic performances toward oxygen evolution reaction (OER) are found with Ru or Ir-based noble metal 

catalysts, the concern in high cost directed a research momentum to earth abundant element-based catalysts. 

Among various compounds, transition metal sulfides have been widely paid attention for OER catalysts, 

and the OER activity of these catalyst can be boosted by adjacent noble metal content. Herein, a synthetic 

route to introduce noble metal dopant in transition metal sulfide will be presented. The noble metal-doped 

transition metal sulfide nanotubes showed enhanced catalytic activity toward OER under alkaline condition. 
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The synthesis of dendrite structured IrM-P nanoparticles toward 

efficient electrocatalyst toward Oxygen Evolution Reaction 
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Noble metal-based multi-metallic composite nanocatalyst received a tremendous attention for 

electrocatalytic oxygen evolution reaction (OER). Over the decades, a major attention has been paid to the 

strategy of alloying with transition metals for increasing the catalytic activity with the effect of surface 

energy control. However, the issues of durability are still an ongoing challenge for the next generation of 

nanocatalyst. Recently, we found the facile route to the introduction of phosphorous into the alloyed 

nanocrystals that changes the surface anionic environment, which is directly related to the enhancement of 

OER activity and durability. Through further treatments for the sufficient exposure of active sites, we have 

successfully synthesized dendrite structured iridium-based phosphide nanoparticles and these exhibit great 

electrocatalytic performance toward OER. 
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Noncarbon support iridium-based nanomaterial as electrocatalyst for 

the oxygen evolution reaction 
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Carbon materials are widely used as catalyst supports due to their unique properties such as excellent 

electron conductivity, low density, porosity and chemical inertness. However, carbon supports can be 

oxidized to CO or CO2 during oxygen-involving reactions like the oxygen evolution reaction (OER). The 

corrosion of supporting materials induce a large drop in catalytic activity. Therefore, we have designed 

noncarbon support iridium-based nanocatalyst. We suggest using a transition metal sulfide as supporting 

material instead of carbon. Also, synergistic effects between metal and metal sulfide are expected. 
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The two-dimensional graphitic carbon nitride (g-C3N4) as an 

alternative support material for electrocatalytic reaction at high 
potential 

 

Jinwhan Joo, Ye Ji Park, Kwangyeol Lee* 
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The carbon black have been widely utilized as a support for electrocatalytic reaction. Recently, however, 

carbon oxidation during the OER has been reported to inhibit OER activity, while catalysts preserve its 

activity. Therefore, alternative support materials is necessary to bring out the whole performance of the 

catalysts. The g-C3N4 is a kind of two-dimensional material, which possesses a graphite-like structure with 

high stability in both acidic and alkaline condition. Furthermore, it can be mass synthesized and has high 

electrical conductivity. These advantages of the g-C3N4 have a great potential for the usage in support 

material for electrocatalytic reaction to replace carbon black. Herein, we synthesized Ir nanoparticles 

supported on three kinds of carbon nitrides, which have different crystallinity. The crystallinity is predicted 

to strongly influence the resistance to electrochemical oxidation of carbon. 
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Bent copper sulfide nanoplates with hetero-epitaxially grown ternary 

phase 
 

Sunghyun Lim, Taehyun Kwon1, Kwangyeol Lee1,* 
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Nanostructured semiconductors are known to have unique properties depending on their size, phase and 

morphology. For this reason, synthetic design to prepare nanocrystals with well-defined morphology and 

size have received enormous interests in past few decades. Also, more advanced nanostructure design could 

be achieved by exploiting cation exchange, hetero-epitaxial growth, galvanic exchange, etc. Herein, the 

hetero-epitaxial growth of ternary sulfide on copper sulfide nanoplate will be reported. The hetero-phase 

nanoplate bends, in order to relieve lattice strain derived from lattice mismatch between copper sulfide and 

hetero-epitaxially grown ternary sulfide. 
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Synthesis of MxMn1-xCO3 nanowire via cation exchange reaction and 

its potential in water electrolysis 
 

Jun Kim, Gwonmin Hong1, Kwangyeol Lee* 
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As the demand for environment-friendly energy source for future is continuously rising, various research 

fields have focused on clean production of hydrogen for its high energy density and non-toxic byproducts. 

Water electrolysis has been known as the most promising solution, however, the viability of water 

electrolysis still heavily depends on noble metal-based catalysts which raises the total cost of the entire 

system. Therefore, the development of high-performance and cost-effective catalyst is an urgent issue in 

both scientific and industrial communities. Herein, we report the synthesis of MxMn1-xCO3 nanowire via 

stepwise thermal decomposition and cation exchange reaction, and demonstrated the favorable effect of 

replacing Mn with another transition metal (M) for electrocatalytic performance in water electrolysis. 
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Synthesis of porous PtPb nanoparticles as catalysts for the oxygen 

reduction reaction 
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Developing new sources of energy is one of the most important themes throughout industry. One such new 

source of energy is fuel cells. In order to make fuel cells more efficient, Pt-based materials are used as a 

catalyst for the oxygen reduction reaction (ORR). For industrial catalysts, mass activity of Pt loading is an 

important factor because it directly influences the production cost. We paid attention to the synergistic 

effect between Pb and Pt which affects the stability and activity. It is known that the surface area to volume 

ratio is key factor of efficiency since the reaction occurs on the surface of the catalyst. Herein, we 

synthesized a porous PtPb nanocatalyst which has a high surface area to volume ratio. 
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coordination polymers with polypyridine ligand 
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Recently, coordination polymers have received much attention because of their various structures and 

potential applications such as catalysis, magnetism, gas/solvent storage, separation, and photoluminescence. 

Two new copper(I) coordination polymer, [(tpmd)Cu2I2]n (1) (tpmd = N,N,N´,N´-tetra-4-pyridy l-

methylenediamine) and [(dpab)Cu2I2]n•CH3OH (2) (dpab = bis-1,4,-(di-4-pyridylaminomethyl)benzene) 

have been prepared by the reaction of tpmd/dpab ligand and CuI. Compounds 1 and 2 have been 

characterized by infrared spectroscopy, elemental analysis, X-ray structural analysis, and 

photoluminescence. In complexes 1 and 2, each copper(I) ion has a distorted tetrahedral geometry with two 

nitrogen atoms of the coordinated ligand and two iodide anions. Compounds 1 and 2 were formed 2D 

polymers and extended to 3D structures due to the hydrogen bonding between the coordinated ligand and 

iodide anions. In this poster, we will present the detailed preparation, crystal structure, and properties. 
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Synthesis of Palladium complexes containing diketonate and NHC 

ligands with bulky aryl groups and their catalytic activities towards 
functional norbornene polymerization 
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Palladium complexes containing various NHC(N-heterocyclic carbene) ligands have been successfully 

synthesized by the reaction with diketonates. Treatments of Pd(acac)2 with NHC salt such as IPr·HCl, 

IMes·HCl resulted in [Pd(acac)(NHC)Cl] complexes and these complexes are characterized by NMR and 

elemental anaylsis. Moreover, these palladium complexes showed moderate to good catalytic activities 

towards functional norbornene polymerization. 
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Recently, N-heterocyclic carbenes (NHCs) are used for many fields, such as activation of small molecules  

and stabilization of main-group elements. Furthermore, ligands for transition metal complexes which are 

electron-rich are attract tools in ognanic and inogranic chemistry. Especially, the property that people have 

attention as ligands is σ-donor ability, which is most powerful among various ligands. So, the σ-donor 

properties of NHCs are unveiled so much, but the π-accepting properties of NHCs are not studied well. To 

unveil the π-accepting properties of NHCs, we have synthesized new ambiphilic NHC, called Coumaraz-

2-on-4-ylidene (CONY). This ambiphilic NHC still has strong σ-donor ability and also π-accepting ability. 

In addition, the various kinds of precursors which have diverse electronic property were synthesized by 

simple two steps. The synthesis of their rhodium complexes and the specific reactivity of the NHCs were 

identified. Furthermore, CONY show the lowest LUMO energy level compared with other NHCs which 

was confirmed by the 77Se chemical shift of the selenium adducts. 
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Photocatalytic gas-phase CO2 conversion by solid film ZnO-Cu2O 

catalyst 
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Increasing CO2 emission is considered as main cause of global warming by greenhouse effect. So, numerous 

research have been carried out to solve the CO2 problems by various direction such as thermochemical, 

electrochemical, and biochemical pathways. However, direct conversion of CO2 to a valuable chemicals by 

photocatalytic pathway is eventual and effective resolution in term of economy and environment. In 

previous study, we developed ZnO-Cu2O hybrid nanocatalyst. Our catalyst shows high activity and 

selectivity in aqueous solution but in this condition has many problems such as large amount CO2 dissolving 

and catalyst stability affected by pH of the solution. In this study, we conducted photocatalytic reaction in 

gas-phase CO2. In this condition, we can easily control many reaction factors such as pressure of CO2, 

temperature of reactor and H2O vapor amounts. So, we can obtained increased activity and stability by 

control the reaction factors. Additionally, in comparison with aqueous-phase reaction, ZnO-Cu2O catalyst 

shows distinct selectivity. 
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Synthesis of highly dispersed Ni nanoparticles on mesoporous silica 
nanospheres via melt infiltration for catalytic hydrogen transfer of 

acetophenone 
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Catalytic hydrogenation by transfer with a variety of hydrogen donors have been widely used in organic 

syntheses in the last few years. Various catalysts have been developed in this reaction, such as, noble, and 

base metal, even metal-free catalyst. Among them, Nickel has significant catalytic components because of 

their high economics, accessibility, and reactivity. In this work, a novel chemical transformation and 

subsequent morphology change of a nickel–silica hybrid system was synthesized. Nickel cores inside silica 

shells in Ni@mSiO2 formed, mesoporous silica with a modified stöber process and very tiny nickel 

nanoparticles (2 nanocatalysts was calculated to be 36.3%, exhibiting high value. The surface area and total 

pore volume of Ni@mSiO2 was estimated to be 636 m2·g-1 and 0.3 cm3·g-1. The synthesized Ni@mSiO2  

nanospheres showed high activity as a catalyst, 2-phenylethanol was produced in acetophenone without 

gaseous hydrogen under 2-propanol as a solvent and reducing agent. Acetophenone reduction mechanisms 

produce a variety of compounds, but only 2-phenylethanol was synthesized with high yields 95%. 
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We will discuss the chemistry of new stimuli-responsive metallogels, the sensitivity of which can be 

controlled by “intentional defects” introduced to the tightly knit metal-organic networks. Built with  

multidirectional/multidentate ligands and various transition metal ions, these soft materials display 

markedly different rheological properties depending on the composition and relative ratio of the building 

blocks. In addition, a reversible sol-gel transition could be driven by the assembly and disassembly of metal-

ligand bonds. This process was monitored by dramatic changes in the mechanical properties of the bulk 

material, as well as by colorimetric response of entrapped indicator molecules. To take this proof-of-

concept prototype to the next level, we have constructed a controlled gas flow system to detect volatile  

acids using optimized zinc metallogels as dual-response chemosensors. 
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Recently, MOFs(Metal-Organic Frameworks) have been studied extensively as catalysts for detoxification  

of CWAs(Chemical Warfare Agents). In particular, UiO-66-NH2 is reportedly known as a good candidate 

to decompose the mustard agent, HD. Its high thermal and chemical stability are helpful for 

decontamination of CWAs even under harsh environments. in this study, we attempted to modify a surface 

of UiO-66-NH2 with hydrophobic molecules to increase its hydrophobicity which is critical to HD's  

decomposition. The surface property and dispersion characteristics were characterized as well. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-142 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Colorimetric detection and sequestration of heavy metal ion from 

water via MOF 
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Metal-organic frameworks (MOFs), constructing via coordination bond between inorganic secondary 

building units (SBU) and organic building block, have emerged as the innovative porous materials . 

Enormous surface areas, versatile tenability, confined pore-size and regularity of MOFs enable us to 

demonstrate the various applications including gas storage, separation, sensing, drug delivery, 

electrocatalysis and catalysis. In addition, MOFs have been employed in adsorbent materials for 

sequestration of metal ions from the aqueous solutions. Diverse heavy and transition metals have been 

effectively captured by various MOFs. Strong adsorption site or ion exchange sites in the confined pore 

size of MOFs play a pivotal role in selective sequestration of specific metal ions from the solution. In this 

study, we used Zr-based MOF, NU-1000 for capturing mercury ion. Incorporation of the strong binding 

site such as thiol group via solvent-assisted ligand incorporation (SALI) plays a key role to sequestrate 

mercury ions. Moreover, the modified MOF exhibited fluorescence quenching phenomenon under UV 

confirming the mercury detection ability. 
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Highly Efficient Porphyrin-Driven CO2 Reduction via Hetero-

Collisional Electron Transfer Route between Homogeneous Porphyrin 
and TiO2 Semiconductor 
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A series of zinc porphyrin complex (ZnPD-dX(y): (ZnP = zinc phorphyrin), (D = 2,6-didodeclyoxyphenyl), 

(X = Triisopropylsylyl(Si); hydrogen(H)), and (y = triple bond(t); single bond(s)) was applied as visible-

light photosensitizer in solution to the selective CO2 reduction to CO in the presence of an electron donor 

(BIH) and a hybrid catalyst (TiO2/ReC) prepared by anchoring of Re(4,4′-Y2-bpy)(CO)3Cl (Y = 

CH2PO(OH)2) on TiO2 particles. LED irradiation in N,N-dimethylformamide (DMF) at >500 nm resulted 

in the successful reduction of CO2 to CO with efficiencies in the order ZnPD-dH(s) > ZnPD-dSi(t) > ZnPD-

dSi(t). The systems efficiently proceeded CO2 to CO conversion during photocatalysis. Under lower energy 

irradiation (>500 nm) with added 3 vol% water in DMF solvent, the ZnPD-dSi(t) hybrid showed a TONRe 

of ~900 over an extended time-period of 20 h. It was found via in-situ UV-Vis absorption spectroscopy that 

the added porphyrin photosensitizers experience a significant photomodification during photolysis: 

hydrogenation of the porphyrin to form chlorin and isobacteriochlorin units is observed. Detailed in-situ 

mass analysis of supernatant after photocatalysis revealed that the original structure of porphyrin 

derivatives was significantly modified or deformed with shortening the π-conjugation length and peeling 

off the bulky substituents on porphyrin derivatives. Overall, the photocatalytic activities of porphyrin-

TiO2/Re(I) hybrid system differ greatly with varying the energy levels (reduction potentials) of porphyrin 

sensitizers and bulkiness of substituted ligand. 
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Effect of Multi-Substitution on the Thermoelectric Property of the 

Yb14-xCaxAl1-yMnySb11 System 
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Thermoelectric (TE) materials and the devices based on TE materials have been considered as one of the 

smartest approaches to reduce global energy consumption by recovering the wasted heat from various heat 

sources and converting it into electricity. The series of Zintl phases adopting the Ca14AlSb11-type structure 

has been known for their promising thermoelectric properties at high temperatures and leading to many 

worldwide researches. In this work, we have successfully synthesized two novel quinary compounds 

belonging to the Yb14-xCaxAl1-yMnySb11 system by using the molten Sn-metal flux method. The isotypic 

crystal structures of the title compounds were characterized by both powder and single-crystal X-ray  

diffractions, and those crystallized the Ca14AlSb11-type structure with the tetragonal space group I41 (Z = 

8, Pearson Code tI208). According to the SXRD refinement results, the four symmetrically independent 

cationic sites contain different mixed occupations of Yb and Ca. Moreover, those cations display a certain 

site preference, which can be explained by either the site-factor or the electronic-factor. A series of 

theoretical calculations using tight-binding linear muffin-tin orbital method was also performed to 

understand the overall electronic structures as well as the QVAL value of each atomic site. These values 

can provide the rationale for the observed site preference based on the electronegativity of each atom. 
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A remarkably stable radical zwitterion derived from N-heterocyclic 

carbene nitric oxide 
 

Youngsuk Kim, Eunsung Lee* 
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For the past few years, N-heterocyclic carbene (NHC) have been introduced to stabilize various organic 

radicals and radical ions, as a variety of previously inaccessible organic radicals have been successfully 

prepared and characterized with an aid of NHCs.[1] These radicals were successfully stabilized due to the 

π-accepting properties of NHCs that delocalize the spin density, as well as the steric protection of the bulky 

NHC substituents. Here we report the synthesis and characterization of a remarkably stable radical 

zwitterion A. It is notable that A shows remarkable stability toward air and moisture. For example, solution 

of A in wet technical-grade benzene showed no detectable decomposition over 12 days. In addition, A is 

stable even under chromatographic condition as shown in the clean TLC spot in Figure 1. Also, benzene 

solution of 2 was still EPR active even after the filtration through silica gel under air. With the help from 

the novel properties of NHCs, this work clearly shows a successful example of designing a stable radical. 

Possible applications of the stable radical A is currently under investigation.Reference[1] Kim, Y.; Kim, 

K.; Lee, E., Angew. Chem. Int. Ed. 2018, 57, 262-265. 



 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-146 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Complementary chromophore decoration in Zr based nanosize MOFs 

via SALI (solvent-assisted ligands incorporation) 
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Recently, The metal-organic frameworks (MOFs)MOF, constructing via coordination bond between metal 

or metal-cluster secondary building units (SBU) and organic building block, have emerged as new porous 

materials. Various applications including gas storage, catalysis, sensing, separation, drug delivery and 

electrocatalysis, have been demonstrated with the MOFs due to their regularity, enormous surface area, fine 

tunability and confined pore size. Photodynamic therapy (PDT), is a tripartite process that requires the 

simultaneous presence of a photosensitizer (PS), light and molecular oxygen. While each component is 

individually harmless, each interaction process generates highly cytotoxic reactive oxygen species (ROS). 

Recently, nanosize porphyrinic MOFs absorbing visible light have been employed as a photosensitizer in 

PDT applications. In this research, Zr based nanosize porhyrinc MOFs was decorated with complementary  

chromophore via solvent assisted ligand incorporation (SALI). Modified MOFs exhibit a significant 

improvement of reactive oxygen generation and PDT performance. 
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Self-assembly of 1-D azamacrocyclic compound with significant CO2 

capture 
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Supramolecular compounds constructed from nickel(II) azamacrocyclic compound have been attracted 

much interest in the development of new functional materials owing to their potential applications in 

molecular sensing, adsorbents for carbon dioxide and metalloenzymes. To obtain stable 1-D nickel(II) 

azamacrocyclic compound, we prepared self-assembly of nickel(II) azamacrocyclic complex, containing 

butyl pendant groups, with 2,7-naphthalenedicarboxylic acid (2,7-NDC) as organic linker. The 2,7-

naphthalenedicarboxylic acid (2,7-NDC) can easily bind or interact with transition metal ions as various 

coordination modes because 2,7-NDC can be fully or partially deprotonated and act as supramolecular 

interaction donors or acceptors as hydrogen bonding and π-π interaction. Here, we will present the detailed 

preparation of the [Ni(C16H38N6)(2,7-NDC)] compound, interestion crystal structures as well as gas 

adsorption. 
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Dopant control in ternary Ir-based octahedral nanocages for efficient 

water splitting catalyst 
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Breakthrough in the hydrogen economy requires highly active and durable electrolytic water splitting 

catalysts for efficient, eco-friendly production of hydrogen. Hollow structured nanoparticles paid enormous 

attention for their enhanced catalytic activity toward water splitting reaction due to their intrinsically high 

surface-to-volume ratio. Iridium(Ir)-based alloy catalysts are widely used as electrocatalysts for oxygen 

evolution reaction (OER), which is rate determining step for overall water splitting. We have previously 

reported that introduction of cobalt(Co) as a dopant to IrCu octahedral nanocrystal enabled the formation 

of ternary IrCu octahedral nanocages, which showed enhanced OER activity and durability under acidic 

condition. And we also found other first transition metal elements can play similar role like Co dopant, 

which directs the formation of ternary IrCu nanocages. Herein, the relations between the transition metal 

dopants and electrolytic OER performance will be presented. 
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Highly Selective and Durable Photochemical CO2 to HCOOH 

Conversion via TiO2 Immobilization of Molecular Mn(I) Catalyst 
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The photochemical activity of hybrid catalyst (OrgD-|TiO2|-MnP) prepared by co-anchoring of Mn(4,4′-

Y2-bpy)Br(CO)3 (MnP; Y = CH2PO(OH)2) and (E)-3-[5-(4-(diphenylamino)phenyl)-2,2′-b ithiophen-2′-y l ]-

2-cyanoacrylic acid (OrgD) on TiO2 particles is reported. The Mn complexes immobilized on the OrgD-

|TiO2 particle revealed an enhanced photocatalytic CO2 reduction activity with its high HCOOH selectivity 

(>99%) compared to the homogeneous Mn complex-based system, showing that the chemical CO2 process 

in present ternary Mn hybrid is mainly proceeded via a single mechanistic pathway. Under visible light 

irradiation, suspensions of OrgD-|TiO2|-MnP hybrid catalyst showed the most efficient CO2-to-HCOOH 

conversion activity in the presence of 0.0001 M LiClO2, reaching to a TONHCOOH of ~300 for >40 h. To our 

knowledge, it is the highest reported for visible-light driven CO2 reduction system particularly utilizing Mn 

catalyst as CO2 reduction catalyst. A detailed mechanistic investigation by in-situ FTIR analysis confirms  

that the catalytic CO2 conversion process via MnP mainly proceeded through the so-called monomeric 

mechanism (involving the formation of a Mn-hydride complex) as a result of the immobilizat ion of 

molecular Mn catalyst on the TiO2 surface. 
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Synthesis and photochemical properties of bis- substituted o-carborane 

derivatives with aryl moieties 
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o-Carborane was used to alter the electronic states of π-conjugated organic aryls, and demonstrated to be 

an effective electron controlling unit which can tune HOMO and LUMO energies for the electron transfer. 

Two different types of bis-aryl compounds were chosen to this end; one with di-phenyls and its fused 

fluorenyl and the other with two isomers of naphthyls, α- and β-forms. It has been found that among the 

series of aryl compounds the second type naphthyls were more susceptible to the electronic alteration and 

α-isomer of naphthyl showed the most perturbed electronic state. The ground state structures confirmed by 

the crystallographic measurements provided a close correlation of structure and electronic property in 

between photo-responsive aryl groups and o-carborane. HOMO and LUMO energies were estimated and 

confirmed by cyclic voltammograms and DFT calculations, respectively, and proved the authenticity of the 

electronic alteration. Excited states were calculated by the TD-DFT calculations and correlated with the 

corresponding absorption spectra to illustrate the electronic perturbation in a systematic fashion that excited  

state¬¬s were found to be lowered in regard to the electronic perturbation. Therefore, within bis-aryls-o-

carborane series, following decreasing energy order is observed; α-Np, β-Np, Flu, diPh and Ph. Final 

verification of the lowered energy was made from the measurement of the electron transfer efficiency  

between the well-studied Iridium based photosensitizer, Ir(ppy)3 and two typical bis-aryls-o-carboranes, α-

Np and Ph and electron transfer efficiency of α-Np is ten times greater than that of Ph. 
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Selective and Efficient Reduction of CO2 through Ternary Hybrid 
System (Ir(III)-PS/TiO2/RePH): Immobilization effect of a Ir(III) 

Photosensitizer on TiO2 
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Herein, we report a detailed investigation of efficient hybrid photocatalysts system for carbon dioxide 

reduction. The system is based on a co-assembly of Ir(III) photosensitizer and molecular Re(I) reduction 

catalyst on TiO2 semiconductor. The hybrid system consists of ([Ir(X)2(bpyPH)]+ (X = dfppy, ppy, btp; 

dfppy = 2-(2,4-difluorophenyl)pyridine ; ppy = 2-phenylpyridine; btp = (2-pyridyl)benzo[b]thiophen-3-y l;  

bpyPH = (4,4′-bis(methylphosphonic acid)-2,2′-bipyridine) as a visible-light photosensitizer and fac-

[Re(4,4′-bis(methylphosphonic acid)-2,2′-bipyridine)(CO)3Cl] as a CO2 reduction catalyst (RePH), both of 

which have been fixed onto TiO2 semiconductors (Hombikat-TiO2). Overall the present Ir(III) complex-

based hybrid series showed more durable, efficient catalytic activities compared to our previous binary 

system, Ir-PS + TiO2/RePH. Among four Ir(III)-based ternary systems, Ir-btp+-based hybrid exhibited the 

best conversion activity with its relatively higher visible light absorption coverage. 
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Pt(II) Bimetallic Complexes 
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Photodynamic behaviors in Ir(III)-Pt(II) bimetallic complex were differentiated by changing bridging 

ligand that connect the two metal centers: twisted co-planar (2,3-bis(2-pyridyl)pyrazine, dpp) and fully-

planar moiety (4,7-phenanthrolino-5,6:5',6'-pyrazine, ppz). In particular, low-energy excitation (530 nm) 

makes a clear distinction between photo-induced electron transfer (PET) and hole transfer (PHT) after 

photo-excitation of bimetallic complex that otherwise would not be able to be achieved under high 

excitation beam energy. The PHT process was only observed in (dfppy)2Ir-dpp-PtCl. The fast quenching 

process occurring in the Ir-3MLCT state of (dfppy)2Ir-dpp-PtCl was further investigated by time-resolved  

photoluminescence (TRPL) and femtosecond transient absorption (TA) spectroscopy. 
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Development of a Lower Energy Photosensitizer for Photocatalytic 
CO2 Reduction: Modification of Porphyrin Dye in Hybrid Catalyst 

System 
 

Hayeon Cheong, Sunghan Choi, Chul Hoon Kim, Sang Ook Kang, Ho-Jin Son* 

 
Department of Advanced Materials Chemistry, Korea University, Korea 

  

A series of Zn−porphyrin dyes was prepared and anchored onto a TiO2 surface to complete a dye-sensitized 

photocatalyst system, Zn−porphyrin-|TiO2|-Cat, and tested as lower energy photosensitizers for 

photocatalytic CO2 reduction. Three major synthetic modifications were performed on the Zn−porphyrin 

dye to obtain a lower energy sensitization and improve the catalyst lifetime. We found that incorporating 

acetylene and linear hexyl groups into the Zn−porphyrin core allowed facile lower energy sensitization, 

and the addition of the cyanophosphonic acid as an anchoring group gave the long-term dye stability on the 

TiO2 surface. Under irradiation with red light of >550 nm and a light intensity of 207 mW/cm2, the hybrid 

ZnPCNPA catalyst showed a TONRe of ∼800 over an extended time period of 90 h. The photocatalytic 

activities of porphyrin hybrids differ greatly with the binding strength of the anchoring groups of dye and 

spectral range of the irradiated light and its intensity. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-154 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Rare-Earth Metals Doped Complex Zintl Phase Thermoelectric 

Materials: Ca11-xRExSb10-y System 
 

JunSu Lee, Tae-Soo You* 

 
Department of Chemistry, Chungbuk Natioanl University, Korea 

  

In our previous articles, we reported two series of complex Zintl phase thermoelectric materials adopting 

the Ho11Ge10-type structures: Ca11-xYbxSb10-yGez (0 ≤ x ≤ 9; 0 ≤ y ≤ 3; 0 ≤ z ≤ 3) and Eu11-xKxBi10-ySny (x 

= 0, 0.26; y = 0.86, 1.93) systems. In these investigations, we have tried to apply the p-type single or double 

doping for the anionic or cationic elements. However, since there was no attempt to apply the n-type doping 

for this Ho11Ge10-type phase, we planned to introduce n-type dopant using rare-earth metals for the binary 

Ca11Sb10. Four novel ternary Zintl phase compounds forming the ternary Ca11-xRExSb10-y (RE = La, Ce, 

Nd, Sm; 0.18(4) ≤ x ≤ 0.42(2), 0.14(1) ≤ y ≤ 0.41(1)) system were successfully synthesized by arc-melting , 

and their crystal structures were characterized by both PXRD and SXRD analyses. Given that we used the 

n-type dopants, we originally expected to provide more than 72 valence electrons (ve-) for the title system. 

However, due to the non-neglectable Sb deficiencies found at the Sb3 site (Wyckoff 8h), the total number 

of valence electrons ranges only between 70.37 in Ca10.58(2)La0.42Sb9.59(1) and 71.48 in Ca10.82(4)Sm0.18Sb9.86(1), 

both of which were less than 72 ve-. To understand this observed Sb deficiencies, a series of theoretical 

calculations using tight-binding linear muffin-tin orbital (TB-LMTO) method were performed. Eventually  

we reveal that the nature finds its own way to stabilize the given crystal structure by allowing a certain 

amount of vacancies at the Sb3 site (Wyckoff 8h) in the title compounds. 
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Breathing Metal-Organic Frameworks Toward Selective Molecular 

Adsorption 
 

Jihyun Lee, Gyungse Park1, Minyoung Yoon* 

 
Department of Nano Chemistry, Gachon University Global Campus, Korea 

1Department of Chemistry, Kunsan National University, Korea 

  

Breathing in metal-organic frameworks (MOFs) is an interesting and unique behavior of the material. 

However, there are still limited number of breathing MOFs. Herein, we present a series of new breathing 

MOFs comprising 2-D porous ladder like structure, which was stacked by hydrogen bonding to form 3-D 

network structure, Zn2(aipa)2(pillar) where, aipa = 5-Aminoisophthalic acid, pillar; bipy=4,4’-Bipyrid ine, 

tbpe=1,2-Di(4-pyridyl)ethylene, bpe=1,2-Bis(4-pyridyl)ethane, or abp=4,4’-Azopyridine. The framework 

structure is porous in the presence of solvent molecules, but the pore was totally closed upon removal of 

the solvent molecules. Interestingly, the closed pore was reversibly opened by exposure to solvent 

molecules such as Benzene, Pyridine, DMF, Acetonitrile and etc. We have studied for the control of pore 

open and close using not only solvent molecules but also gas pressure and external temperature. For 

demonstration of selective adsorption behavior, we have analyzed structure by single crystal X-ray  

diffraction, vapor/gas adsorption study and spectroscopic analysis. Therefore, it is expected that the 

materials can show interesting selectivity for adsorption of gas or organic vapor. Details of this work will 

be presented. 
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Multi-Functionalizations of Metal-Organic Frameworks by Ligand 

Design and Synthesis 
 

Hyeon Bin Ha, Dong Gyun Jwa, Seongwoo Kim, Min Kim* 

 
Department of Chemistry, Chungbuk National University, Korea 

  

Metal-Organic Frameworks are porous crystalline materials in which organic ligands link metal ion or metal 

cluster. Compared to other porous materials, relatively easily, the target functional groups could be installed 

to organic linkers. Nowadays, MOFs have applied for various applications such as gas storage, separation, 

catalysis, etc.Recently, we have focused on the introduction of two chemical functional groups into an 

organic linker of MOFs in regioisomeric methods. We have selectively installed the NH2-, Cl-, MeO-, NO2- 

groups to BDC ligand and obtained two regioisomeric ligands (ortho- and para-disubstituted BDC). Total 

sixteen, di-substituted ligands were incorporated into DMOF pore, and fourteen DMOFs were successfully 

obtained and characterized by PXRD and NMR analysis. Specially, we have found that the two para-

positional combinations of NH2-OMe, OMe-OMe produced the flexible frameworks among the fourteen 

MOFs.1-3In addition, using these ligand systems, we have synthesized multi-functional Zr-MOFs and 

applied tham to Xe/Kr separation. 4 Interestingly, the electronic density of ligand is highly correlated with  

Xe/Kr separation efficiency. Finally, we are pleased to discuss about the additional regioisomeric controls 

in BDC ligands and their correlation to flexibility of MOFs during the presentation.References1. Kim M.; 

Boissonault J. A.; Dau P. V.; Cohen S. M. Angew. Chem. Int. Ed. 2011, 50, 12193.2. Hahm H.; Yoo K.; Ha 

H.; Kim M. Inorg. Chem. 2016, 55, 7576.3. Ha H.; Hahm H.; Jwa D. G.; Yoo K.; Park M. H.; Kim Y.;  

Yoon M.; Kim M. CrystEngComm, 2017, 19, 5361.4. Lee S.-J.; Kim S.; Kim M.-J.; Kim M.; Bae Y.-S. 

Chem. Eng. J. 2018, 335, 345. 
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Fine Tuning of MOF-based Catalyst for Carbon Dioxide Cycloaddition 

 

Jinmi Noh, Min Kim*, Youngjo Kim1, Myung Hwan Park2 

 
Department of Chemistry, Chungbuk National University, Korea 
1Department of Chemistry, Chungbuk Natioanl University, Korea 

2Department of Chemical Education, Chungbuk Natioanl University, Korea 

  

CO2 cycloaddition with epoxide to organic cyclic carbonate is one of the powerful and practical ways to 

fix CO2 for useful chemicals. Recently, various organometallic catalysts (e.g., aluminum, zinc, titanium, 

etc.) have been developed for the efficient carbon dioxide cycloaddition reaction. Moreover, Metal-organic 

frameworks (MOFs)-based catalysts have been reported as efficient systems for the CO2 cycloaddition 

under heterogeneous media. The catalytic activity of MOFs on cycloaddition reactions varies depending on 

the metal clusters and ligands.[1]We have synthesized MOFs with various functional groups such as alcohol, 

amine, halogen, and nitro groups and used it in the CO2 cycloaddition reaction as catalysts. As a result, it 

was confirmed that the hydroxy functional group works most effectively at high temperature. Additionally, 

based on our finding, we have further introduced various ligands in MOFs and modified the type of metal, 

and used it as a catalyst for the CO2 cycloaddition reaction. We will discuss the combination of the most 

effective ligand and metal in MOF with the results obtained by the CO2 cycloaddition reaction.References[1] 

Beyzavi, M. H.; Stephenson, C. J.; Liu, Y.; Karagiaridi, O.; Hupp, J. T.; Farha, O. K. Front. Energy Res. 

2015, DOI: 10.3389/fenrg.2014.00063 
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Coordination Behaviors of Ditopic Thiacalix[4]-bis-crown-5: 

Endocyclic Potassium(I) Complexes and Anion-Dependent Exocyclic 
Silver(I) Coordination Polymers 

 

Huiyeong Ju, Shim Sung Lee* 

 
Department of Chemistry, Gyeongsang National University, Korea 

  

From its potassium(I) and silver(I) complexes, thiacalix[4]-bis-crown-5 (L) with hard crown cavities and 

soft sulfur-bridges exhibits the characteristics of an HSAB-based complexation and an endo-/exocyclic 

coordination simultaneously. Reaction of L with KClO4 afforded an endocyclic dipotassium(I) complex 

[K2(L)](ClO4)2.CH3CN (1). Interestingly, a monopotassium(I) complex [K(L)][Pt(tht)Cl5] (2, tht = 

tetrahydrothiophene) was isolated from the reaction with a mixed salt as first example of symmetrical 

calix[4]-bis-crowns. In the complexations with silver(I) salts (3: perchlorate and 4: nitrate), anion-

dependent exocyclic coordination polymers with different dimensionalities were isolated. When silver(I) 

perchlorate was used, for example, a double-stranded 1D coordination polymer {[Ag2(L)(ClO4)2]·CH2Cl2 }n  

(3) was obtained, while silver(I) nitrate afforded a brick-wall type 2D coordination polymer {[Ag2(L)(μ -

NO3)2].CH3OH}n (4). Taking dimensionality into account, the topological difference of 3 and 4 is 

responsible for the different coordination behaviors of the anions: the perchlorato ligand in 3 acts as a 

terminal, while the nitrato ligand in 4 is a bridging ligand. The solution studies via NMR titrations indicate 

the endo-coordination with K+ and the exo-coordination with Ag+, similar to those observed in the solid 

state. 
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Mole-Ratio Dependent Coordination Behavior of an N2O2S2-

Macrocycle: Formation of an Endo/Exocyclic Silver(I) Coordination 
Polymer and Its Desolvation-Induced SCSC Transformation 

 

Sujin Seo, Shim Sung Lee* 

 
Department of Chemistry, Gyeongsang National University, Korea 

  

A 20-memberd N2O2S2-macrocycle (L)1,2 was employed and its mole-ratio dependent silver(I) complexes  

with different coordination modes and topologies are reported.3 When one equivalent of AgPF6 was reacted 

with L, a typical endocyclic 1:1 complex [Ag(L)]PF6 (1, see below) was afforded. While, the use of three 

equivalents or above amount of AgPF6 gave an endo/exocyclic 1-D coordination polymer 

{Ag4(L)2](PF6)4∙2CH2Cl2}n (2a, see below), in which the endocyclic complex units are linked by the -
endoAg-S-exoAg-S- bond to form an infinite chain. Upon removal of the dichloromethane molecules in the 

crystal lattice of 2a in the ambient condition, conversion of the coordination geometry of the exocyclic Ag 

atom from linear (2a) to trigonal plane (2b, {[Ag4(L)2(PF6)2](PF6)2}n, see below) as well as sliding of the 

1-D chains were observed in a single-crystal-to-single-crystal manner. 
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Overview of the supramolecular crystallography beamline at Pohang 

Light Source II 
 

Dae-Woong Kim, Jong Won Shin1, Dohyun Moon* 

 
Beam Operation Team, Pohang Accelerator Laboratory, Korea 

1Division of Daegu, Korea Institute of Science and Technology Informat, Korea 

  

The supramolecular crystallography beamline BL2D-SMC at the Pohang Light Source II (PLS-II) is a high-

flux tunable-wavelength facility for the study of organic or inorganic materials by single crystal diffraction. 

The beamline supports various techniques for the structural analysis of crystalline materials, and allows the 

measurement of structural changes caused by the influence of external stimuli, e.g., variable temperature, 

diverse pressure, photo-excitation, and gas sorption. The beamline is located at the 2D bending magnet port 

in the 3 GeV storage ring of the Pohang Light Source II. Two mirrors (collimating and focusing) and a 

double-crystal monochromator (DCM) deliver 6.2×1011 photons each second to a 100 μm (horizontal) × 

85 μm (vertical) full width at half maximum focal point in the end-station. A water-cooled DCM is designed 

to select energies between 8.3 keV and 20.7 keV and the energy or wavelength used in the system can be 

changed by the BL2DSMDC software. The end-station is equipped with a Rayonix MX225HS, Cryojet 5 

and customized gas sorption apparatus. In this poster, we explain the status of BL2D-SMC beamline at 

Pohang Light Source II 
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Lead(II), Mercury(II), and Heteronuclear Copper(II)/Mercury(II) 

Complexes of Regioisomers of Bis-O2S2-Macrocycle 
 

Seulgi Kim, Shim Sung Lee* 

 
Department of Chemistry, Gyeongsang National University, Korea 

  

In addition to our previous works on the synthesis of regioisomers (o-bis-L and m-bis-L, see below) of bis-

O2S2-macrocycle and their supramolecular silver(I)1 and copper(I) iodide2 complexes, borderline (Pb2+) and 

soft (Hg2+ and Cu+) metal salts were employed to investigate the isomer effect on the coordination modes 

and topologies of the coordination products.3 In the present work, we were able to isolate the para-form (p-

bis-L, see below) as a final puzzle and the three completed isomers were structurally characterized by single 

crystal X-ray analysis. In complexations with the isomers, lead(II) perchlorate afforded an infinite one-

dimensional (1-D) coordination polymer {[Pb2(o-bis-L)(µ-ClO4)2(ClO4)2]}n (1) and a discrete complex 

[Pb2(m-bis-L)(CH3CN)2(H2O)2(ClO4)2](ClO4)2 (2), both of which are based on the endocyclic binuclear 

complexes mainly due to the oxophilicity of lead(II) ion. Meanwhile, mercury(II) halides showed an 

endocyclic dinuclear complex [Hg2(o-bis-L)I2][Hg3I8] (3) and an exocyclic 1-D coordination polymer 

[Hg3(m-bis-L)Br6]n (4) because the differences of sulfur-to-sulfur separation in the free ligand isomers 

might induce the different coordination modes. When a mixture of mercury(II) iodide and copper(I) iodide 

was used in the reaction with m-bis-L, a heterometallic 1-D coordination polymer [Cu2Hg2(m-bis-L)(μ -

Cu2I2)(CH3CN)2I6]n (5, see below) was obtained. In 5, exocyclic dicopper(I) complex units are linked by -

Hg-Cu2I4-Hg- segments to form an infinite zigzag chain.References[1] Siewe, A. D.; Kim, J.-Y.; Kim, S.; 

Park, I.-H.; Lee, S. S. Inorg. Chem. 2014, 53, 393.[2] Kim, S.; Siewe, A. D.; Lee, E.; Ju, H.; Park, I.-H.;  

Park, K.-M.; Ikeda, M.; Habata, Y.; Lee, S. S. Inorg. Chem. 2016, 55, 2018.[3] Kim, S.; Lee, S. S. Submitted. 
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Ship-in-a-bottle method for synthesis of Fe3O4/Pd@h-SiO2 nanoreactor 

with magnetic induced heat 
 

Jihwan Lee, In Su Lee* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

This poster reports the ship-in-a-bottle synthetic route of the Fe3O4/Pd@h-SiO2 nanoreactor with magnetic 

induced heat. When external magnetic field is applied to Fe3O4@h-SiO2 template, the electromagnetic 

energy is converted into heat energy by relaxation of Fe3O4 core and the local temperature around Fe3O4 

core is increased. Pd precursor is reduced by ethylene glycol which is used medium, and Pd nanocluster is 

exclusively formed inside the cavity and stabilized by the amine group on the surface of hollow silica shell. 

In this way, well-confined Fe3O4/Pd@h-SiO2 nanoreactors can be easily synthesized. The Pd nanoparticle 

inside the nanoreactor is expected to act as a size-selective catalyst for the substrate entering through the 

silica shell, and applying the external magnetic field can expect to induce a faster catalytic reaction without 

raising the temperature of the entire solution. 
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Synthesis and Characterization of Pd@Pt and PdH@Pt Core-shell 
Octahedra and Their Application towards the Hydrogen Evolution 

Reaction 
 

Jeonghyeon Kim, Sang-Il Choi1,* 

 
Kyungpook National University, Korea 

1Department of Chemistry, Kyungpook National University, Korea 

  

Rational design of highly efficient electrocatalysts for the hydrogen evolution reaction (HER) is of prime 

importance for establishing renewable and sustainable energy systems. Alkaline HER is particularly  

challenging as it involves a two-step reaction of water dissociation and hydrogen recombination, for which 

platinum-based binary catalysts have shown promising activity. Typical strategies, including optimization  

of shape or facet, formation of alloys with other metals, and incorporation of a different metal into the core, 

have been investigated to enhance the activity of a Pt-based catalyst and thus reduce the loading of Pt. This 

presentation reports the synthesis and characterization of Pd@Pt and PdH0.40@Pt core-shell octahedra as 

the activity electrocatalysts towards the HER. Two different core-shell octahedra were obtained by direct 

deposition of conformal Pt shells on Pd and PdH0.40 octahedra, respectively. The core-shell structure was 

confirmed by a number of techniques, including scanning transmission electron microscopy, energy-

dispersive X-ray spectroscopy mapping, X-ray diffraction, X-ray absorption spectroscopy and 

electrochemical measurements. HER activities of Pd@Pt and PdH0.40@Pt core-shell octahedra are also 

presented 
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Comparison of the electrochemical properties of hetero structure of 

Au-CuO nanocomposite by lattice strain 
 

SeonYeong CHOI, In Su Lee1,* 

 
Advanced Materials Science, Pohang University of Science and Technology, Korea 

1Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Tuning the lattice strain of hetero structure is important role to enhance the electro-catalytic activity. In 

previous study, our group reported the hetero structure of Au-CuO nanocomposite was determined by 

controlling annealing temperature and Cu contents. To identify the difference of lattice strain effects, Au-

CuO that has different shell thickness and different structure was synthesized by controlling Cu contents. 

Also, we confirmed the lattice strain effects by the electro-catalytic activity. To compare the electro-

catalytic activity of Au-CuO nanocomposite, oxygen reduction reaction (ORR) was conducted using 

Au@CuO, Au/CuO, Au and bulk CuO. Especially, we synthesized Au@CuO series that have different  

shell thickness to confirm the comparing of lattice strain among them. Herein, we report engineering control 

of the lattice strain in hetero structure of Au-CuO nanocomposite and check the electro-catalytic activity. 
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A 23-Membered NO4S2-Macrocycle and Its Soft Metal Complexes 
Involving Tetramercury(II) Bis(macrocycle) Species as Kinetic and 

Thermodynamic Products 
 

Mingyeong Shin, Huiyeong Ju, Shim Sung Lee* 

 
Department of Chemistry, Gyeongsang National University, Korea 

  

A ditopic 23-membered NO4S2-macrocycle (L) incorporating a rigid and a flexible binding sites was 

synthesized and its silver(I) and mercury(II) complexes exhibiting different stoichiometries and 

coordination modes were prepared and structurally characterized. First, silver(I) perchlorate reacts with L 

to afford an endocyclic mononuclear complex [Ag(L)]ClO4 (1) in which the silver(I) ion locates at the rigid  

binding site of the macrocyclic cavity adopting a penta-coordinated square pyramidal geometry. The 1H-

NMR titration results for the silver(I) complexation agree with the solid state data. Interestingly, reaction 

of L with HgI2 led to the isolation of two tetranuclear bis(macrocycle) complexes, [(exoHgLI2)2(μ-Hg2I4)] 

(2) and [(endoHgLI2)2(μ-Hg2I4)] (3), as a kinetic and a thermodynamic product, respectively (see below). 

These two products are configurational isomers which show different coordination modes. In both products, 

for example, two exocyclic (2) and two endocyclic (3) mercury(II) complex units are linked by 

tetraiododimercury(II) core, (μ-Hg2I4), to give a 4:2 (metal-to-ligand) stoichiometry. It is profound that the 

exo- and endo-coordinated macrocyclic complexes (configurational isomers) are isolated and characterized  

as a kinetic product and a thermodynamic product, respectively. 
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Solvent-Mediated Actuation Mechanism for Porphyrinic Metal-

Organic Framework 
 

Eunji Jin, Wonyoung Choe* 

 
Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

Two-dimensional (2D) materials as platform may exhibit abnormal physical properties associated with 

guest dynamics, such as contracting/expanding, mutual sliding, close/open due to inherent flexibility of 

interlayers. However, it is still underexplored research. Herein, we report a bilayer porphyrinic 2D metal-

organic framework (MOF) showing abnormal guest-responsive thermal expansion. The crystal shows 

nonlinear and large thermal expansion over a critical heating point, as movements of guest molecules in 

accessible to direction. More significantly, it instantly responds to the rearrangement of guest molecules, 

leading to anisotropic expansion in interlayer of the framework without destroying crystallinity, 

demonstrating single-crystal X-ray crystallography and electron density mapping. These results indicate 

that flexible 2D material could be suitable platform for the performance of external physical stimuli, 

including liberal guest molecules. 



 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-167 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Metal-Organic Polyhedron as a Colorimetric Sensor for the Detection 

of Organic Solvents 
 

Hyunjun Seong, Jinhee Park* 

 
Department of Emerging Materials Science, Daegu Gyeongbuk Institute of Science & Technology, Korea 

  

For last two decades, metal-organic polyhedra (MOPs) have attracted great research attention owing to their 

potential applications such as in guest molecule adsorption, separation, catalysis, and sensing. Notably, 

their pore sizes and properties are designable and tailorable through the judicious choice of their building 

blocks such as metal ions/clusters and organic ligands. Herein, a MOP consisting of a solvatochromic ligand 

was presented as a colorimetric sensor material. Organic solvent molecules alter the energy difference 

between the ground and excited electronic states of the MOP through the charge transfer process. The color 

change of the MOP corresponding to the organic solvents allows detecting the organic solvents with naked 

eyes successfully. 
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Copper(I) Iodide Coordination Polymer of Bis(amidoquinoline) 

Exhibiting Photoluminescence Sensing for Amino Acid 
 

Eunji Lee, Shim Sung Lee* 

 
Department of Chemistry, Gyeongsang National University, Korea 

  

A blue emissive bis(amidoquinoline) ligand (L, see below) was employed to prepare a copper(I) iodide 

complex via various reaction conditions. The recrystallization via the ether vapor diffusion afforded an 

orange emissive 2-D coordination polymer {[(Cu2I2)L2].2DMSO}n (1, see below) linked by Cu2I2 clusters 

as a thermodynamic product. Interestingly, the complex 1 was also obtained under the mechanochemical 

condition in the presence of three drops of CH3CN and one drop of DMSO for 30 min, as confirmed by 

comparative PXRD patterns. In the preliminary sensing experiment, 1 shows a selective photoluminescence 

quenching for cysteine (Cys) over other amino acids in water. 
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Study on Flexible Behavior of MOFs having Different Functional 

Groups upon CO2 Adsorption 
 

SONG HO LEE, Sungeun Jeoung, Hoi Ri Moon* 

 
Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

Flexible metal-organic frameworks (MOFs) are considered as fascinating materials due to their unique 

characteristics which have dynamic pore system and reversible structural transition upon external stimuli. 

The flexibility originated from breathing, swelling, linker rotation, and subnetwork displacement are useful 

to gas storage, separation, and sensing applications because it is led by selective adsorption of specific 

molecules via host-guest interaction. Thus, rational design of flexible MOFs is very intriguing research to 

bring selectivity and specificity to MOFs. In this works, five kinds of flexible MOFs, denoted 

flexMOF(CH3), flexMOF(CH2), flexMOF(CN)-I, flexMOF(CN)-II, and flexMOF(OH), are successfully 

synthesized by using macrocycle containing different types of dangling functional groups and H4BPTC 

ligand including many rotational sites. Those flexible MOFs show different sorption behaviors, gate-

opening and breathing phenomenon triggered by CO2 molecules depending on the functional groups. To 

elucidate those different flexible behaviors, we analyzed the single-crystal diffraction (SCD) data and 

calculated the rotational energies and interaction sites with regard to functional groups through 

computational simulations. 
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Eventual Chemical Transformation of Metals and Chalcogens into 

Metal Chalcogenide Nanoplates through a Surface Nucleation-
Detachment-Reorganization Mechanism 

 

Gyeongbae Park, HEESEUNG YANG1, Hyewon Park, Unyong Jeong* 
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1Department of Advanced Materials Engineering, Yonsei University, Korea 

  

Many studies have reported the synthesis of two-dimensional (2D) nanoplates and nanosheets of the layer 

structured metal chalcogenides but also have reported various structures far from the 2D shape. In 

multicomponent compounds, the elemental concentrations keep changing during the reaction; hence, the 

reactions are considered to be nonstoichiometric from the nucleation and may include continuous changes 

in the structure and composition. The different shapes of the metal chalcogenides with the layered structure 

are attributed to the nonstoichiometric reactions. This study investigates a two-step chemical reaction as an 

extreme nonstoichiometric nucleation and growth. It reveals that the layer-structured metal chalcogenides 

(M2X3, M = Sb and Bi, X = Se and Te) with the R3m space group can be obtained by transforming premade 

pure chalcogen (Se, Te) thick nanorods or metal microparticles (Bi). By coupling our first principles 

calculations with a shape-prediction thermodynamic model, we have also examined and rationalized the 

shape/aspect ratio of the M2X3 nanocrystals under different experimental growth conditions. The tendency 

of anisotropic growth to form the 2D shapes during the transformations are discussed on the basis of 

experimental results and theoretical calculations 
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Modulated synthesis for metal confined carbon nanomaterials as a 

promising catalysts for complicate reactions 
 

SEONHEE LEE, In Su Lee1,* 
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1Department of Chemistry, Pohang University of Science and Technology, Korea 

  

The previous study about methodology that enlarge the utility of solid-state reactions was reported. They 

suggest a synthetic route for producing a high-diversity pool of nanocrystals (NCs) by circumventing the 

problematic sintering of nanocrystals at high temperatures.1)As an extension and utilization of this study, 

metal nanocrystals confined in mesoporous carbon foam (MCF) were prepared by modulated synthetic 

method. All we have to do for the final M@MCF material is simple three steps. Synthesis of M/SiO2 

particles that we want to put in the cavity, annealing them with carbon source, and removing the silica. The 

simple modulated synthetic method make it possible to have metal crystals of various composition in these 

materials. In this M@MCF system, metal crystals are separated from each other by mesoporous carbon 

shells so that sintering/aggregation can be prevented. Mesoporous carbon materials provide high mass 

transport property and conductivity. These properties make the possibility of these material as a complicate 

organic reaction catalysts or an electrochemical catalysts.1) Chem. Mater. 2017, 29, 9463-9471 
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Thermal Conversion of Concave Iron Oxide Nanocube via Solid State 

Reaction 
 

SUNYI LEE, In Su Lee1,* 
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Due to their specific structure concave nanoparticles (NPs) have various advantages such as size selectivity, 

easy accessibility, protect inner materials, etc. Preparation of the concave structured materials from cubic 

structures has been extensively performed. Generally, many of concave structured nanocubes have been 

synthesized by using ligands through solution process, in which the concave regions are formed on all the 

equivalent facets. However, interestingly, it is possible to synthesize concave nanocubes with only one 

concave region on one of equivalent facets in solid-state reaction. We synthesized Fe3O4 nanocubes with 

silica shell, and applied heat in hydrogen condition. In this process we observed that the concave structured 

nanocubes with only one concave region was formed. This phenomena could be ascribed to the reaction 

between iron oxide and the limited amount of silica, which formed iron silicate at the high temperature. 

Using this method, specific structured iron oxide NPs can be easily synthesized and applied in various fields. 
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A Zinc(II) Redox-Active Ligand Complex-Triggered CO2 Reduction 
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Classic examples of metal complexes housed the innocent ligand in the sense that we can confidently assign 

the metal oxidation state without complications from any redox-activity of the ligands. However, recent 

reports suggested that redox-active ligands exhibited well-defined redox process and hence, they are 

capable of carrying out multielectron reactions by conferring nobility on base metals by combining a 1e- 

redox change at ligand with a 1e- redox change at metal for an overall 2e-. Therefore, non-innocent ligands 

have attracted particular attention in catalytic applications. The ability of bis(thiosemicarbazone) ligands to 

chelate metal ions such as zinc and copper in the biological system was previously demonstrated. However, 

their redox-active behavior in catalytic applications have yet been reported. Herein, we synthesized a hepta-

coordinated Zn(II) complex with redox-active bis(thiosemicarbazone) ligand. A mononuclear Zn(II) 

complex can be converted to a dinuclear Zn(II) complex upon addition of base due to deprotonation of 

ligand. Interestingly, the mononuclear Zn(II) complex was able to catalyze electrochemical CO2 reduction 

reaction resulting in the CO and formate ion with quantitative yield. 
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The Aerobic Oxidation of Cyclohexene with Copper Silicate, SGU-29 

 

Dong Hyeon Lee, Hyun Sung KIM1,* 
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Catalytic partial oxidation of allylic compound is one of the important routes in industrial chemistry. 

Nanoporous materials related to zeolites and zeotypes are widely employed as its heterogeneous catalysts 

or host materials of catalytic molecules in the field of partial oxidation research. Herein, we report the 

catalytic activity of SGU-29, which is a kind of zeoypes, containing square plane-oxygenated Cu (II) active 

site for aerobic oxidation of cyclohexene. A catalytic performance was achieved under The SGU-29 

heterogeneous catalytic reaction performed under mild reaction conditions, 1 bar of O2 at 70℃. Under the 

reaction conditions investigated, the aerobic oxidation of cyclohexene mainly produced 2-cyclohexen-1-o l, 

2-cyclohexen-1-one, cyclohexenyl hydroperoxide. And conversion efficiency of SGU-29 for cyclohexene 

oxidation reach 13% under 1 bar of O2 at 70℃ within 4h. 
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A Stable Co(III)-Iodobenzene Adduct and Its Protonated Complexes 
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High-valent metal–oxygen species are implicated as reactive intermediates in the catalytic oxidation  

reaction. For example, cobalt(IV)-oxo (CoIV-O) species have been proposed as key intermediates in 

various cobalt-mediated oxidation reactions. In general, metal−oxo complexes are synthesized by using 

artificial oxidants, such as iodosylbenzene (PhIO), and the synthesis of Co-oxo complex using PhIO was 

previously reported. However, cobalt-iodosylbenzene adduct, which can be considered as a precursor of 

cobalt-oxo complex, has not been trapped. Herein we report the synthesis and characterization of 

[(N3O2)CoIII(OIPh)]+ (1) by reacting [CoII(N3O2)(H2O)](ClO4)2 with iodosylbenzene. 1 was further 

protonated upon addition of equimolar of perchloric acid. The reactivities of 1 and 2 were examined in 

oxygen atom transfer (OAT) and electron-transfer(ET) reactions. 
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Effects of the Ligand Structure of Cu(II) Complexes on Oxidative DNA 

Cleavage 
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AbstractCu complexes were synthesized by substituting the hydrogen of the amine group of basic ligand 2, 

2'-dipicoylamine (dpca) (complex 2) with CH3CO (complex 1), phenyl (complex 3), and methyl (complex 

4), respectively, and their DNA cleavage activity was investigated using linear dichroism (LD) and 

electrophoresis. The DNA cleavage efficiencies of Cu complexes 3 and 4 with phenyl and methyl, which 

are electron-donating functional groups, turned out to be the highest, and LD magnitudes rapidly decreased 

at 260 nm. In particular, Cu complex 3 showed a rapid LD magnitude reduction to 63% of the total for 90 

minutes, and to 50% of the total at 12 minutes. DNA cleavage efficiencies were high in the order of phenyl 

> methyl >H = CH3CO, and the highest DNA cleavage efficiency was observed in the presence of electron-

donating groups. The electrophoresis results are also consistent with the changes in LD spectra over time. 

The Cu complexes (1-4) were found to cleave DNA through oxidative pathways, and the major ROS 

involved in DNA cleavage were the superoxide radical, singlet oxygen and hydroxyl radical. 
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Achieving Remarkable Activity and Durability towards the Oxygen 

Reduction Reaction Based on Ultrathin Pt-Co Nanowires 
 

ruqia bibi, Sang-Il Choi* 
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Pt-Co alloy nanocatalysts have been explored extensively due to their superior activity towards the oxygen 

reduction reaction (ORR) compared to pure Pt. Here we report facile strategy for synthesis of ultrathin one 

dimensional polycrystalline and single crystalline Pt-Co nanowires using wet chemical approach. We 

investigated the mechanism of nanowire formation by characterizing the samples obtained at different  

synthesis conditions. The single crystalline Pt-Co NWs/C exhibit superior ORR mass activity (2.38 A mg-

1Pt) which is 3 and 9 times higher than the polycrystalline Pt-Co NWs/C and commercial Pt/C, respectively. 

However, after 5000 cycles of durability test, the polycrystalline Pt-Co NWs/C exhibited a slight increase 

of mass activity but singlecrystalline Pt-Co NWs/C and commercial Pt/C showed considerable losses (23.5 

and 23% respectively) in their mass activities. 
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2D coordination polymers composed of amine/Cu/trans,trans-muconic 

acid 
 

Jaeun Kang, Junghwan Do* 

 
Department of Chemistry, Konkuk University, Korea 

  

Three new 2D coordination polymers, [Cu(muconate)(H2O)]∙H2O, [H-phenylpiperazine]2[Cu2(muconate)3 ], 

and [H-benzylamine]2[Cu(muconate)2] have been synthesized and characterized by single-crystal X-ray  

diffraction techniques. Depending on the reaction conditions and amine species used in the synthesis, 

various ratios(muconic acid/Cu) of 1, 1.5 and 2 are presented in three Cu compounds followed by different  

Cu coordination modes and pore sizes in 2D nets. 
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Postsynthetic Surface Etching of Metal-Organic Frameworks 
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Surface modification techniques have been widely used in various field such as metal/ metal oxide systems, 

polymer science, and biomaterials for tuning the physical properties of materials. In particularly, surface 

modification with chemical etching allows more sophisticated synthetic tools to fabricate silicon 

microstructures/device having polygon shape of patterns and to synthesize nanoframe or hollow structures 

of nanomaterials for various applications, such as electrochemical catalyst and battery. Although 

anisotropic chemical etching is one of the powerful techniques to modify the exterior of materials, there is 

only an example of anisotropic etching in MOF field. Here we introduce a new anisotropic etching strategy 

to synthesize the truncated trigonal patterned MOF crystals on their surface, called UMOM-10ce, as a first 

example. Through these synthetic steps, we successfully obtained four different forms of MOFs and we 

could utilize the meso-/macroporosity of forms. 
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Unique transformation behavior of manganese oxide nanocrystal 

during high temperature solid-state reaction within silica nanosphere 
 

Taewan Kwon, Kyun sang Ji, In Su Lee* 
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The solid-state conversion of nanoparticles is the attractive synthetic approach which would contribute to 

understanding of conversion chemistry in nanoscale. We observed the unique thermal transformation 

behavior above the glass transition temperature (Tg) of silicate nanoparticles. The hollow manganese silicate 

nanoparticles, which are formed from MnO@SiO2 nanoparticles via reductive annealing process, refill their 

interior voids with surrounding manganese silicate phase at higher temperature than Tg of silicate. 

Interestingly, the manganese silicate core confined in silica nanoshell transform into porous structured core 

composed of Mn2O3 phase segregated from the silicate by subsequent annealing under the oxidative 

condition. We can obtain the porous Mn2O3 nanoparticles after removing the silica. In this study, we not 

only report our finding and understanding for this transformation, but also provide the insight into the 

conversion mechanism in solid-state reaction which could offer the novel pathway to synthesize complex 

nanomaterials. 
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Synthesis of Core@Middle-shell@Outer-shell Structured 

FePd@CaSiO3@SiO2 Nanospheres with Controllable Eccentricity of 
Metal Nancrystals in Solid-State Chemistry 
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Synthesizing eccentric metal@SiO2 nanoparticles is not easy because of its unfavorable anisotropic 

structure. Though its difficulties to make, eccentric nanoparticles have unique physiochemical properties, 

such as optical, magnetic, catalytic property and so on. In previous work, we found that reduced FePd 

alloyed nanocrystal of SiO2 nanosphere migrated slowly outward silica medium. To further expand the 

utility of this FePd metal migration in SiO2 medium, we introduce CaSiO3 layer, on the interface between 

the FePd nanocrystals and SiO2 nanosphere by encapsulating Ca2+ into SiO2 nanosphere and following  

high temperature annealing. During the high temperature annealing, the Ca2+ doped SiO2 nanosphere was 

segregated to CaSiO3 and SiO2 double layer and FePd alloy migrated out of the CaSiO3 layer but, FePd 

alloy could not move out the silica medium even though the annealing time was increased, and it seem to 

be trapped in the interface of CaSiO3 and SiO2. Herein, We report for making an eccentric particle by 

controlling the thickness of the CaSiO3 layer. 
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Effect of the Cationic Site-Preference and the Crystal-to-Crystal 

Structural Transformation of the Zintl Phase Ca5−xYbxAl2Sb6−yGey 
System 

 

Seong-Ji Lim, Tae-Soo You* 

 
Department of Chemistry, Chungbuk Natioanl University, Korea 

  

Several quinary Zintl compounds belonging to the Ca5−xYbxAl2Sb6−yGey (1.0 ≤ x ≤ 1.5, 0.2 ≤ y ≤ 0.8) solid-

solution system have been synthesized by arc-melting and characterized by both powder and single-crystal 

X-ray diffractions. The initially synthesized Ge-doped Yb-rich compounds successfully underwent the 

structural transformation from the Ba5Al2Bi6-type to Ca5Ga2Sb6-type phase via the post-heat treatment at 

1023 K for 2 weeks. The targeted Ge-doped Ca5Ga2Sb6-type phase adopts the orthorhombic space group 

Pbam (Z = 2, oP26) with seven independent asymmetric atomic sites in a unit cell, and the enhanced zT 

value of this product implied the hole doping was successfully applied in part. More interestingly, during 

the investigation for an observed cationic site-preference, which could be accessed by the size-factor based 

on the size match between a central atom and the site volume, and the electronic-factor based on the QVAL 

values, we revealed that the observed structural transformation of the title system from the Ba5Al2Bi6-type 

to Ca5Ga2Sb6-type phase should be caused by the migration of cations from the kinetically favorable sites 

to the thermodynamically more favorable sites during the post annealing process. To verify this 

experimental observation, a series of theoretical studies based on the “coloring-problem” was performed  

using three different model structures, and the detailed site energies and bond energies were thoroughly 

investigated. 
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One-pot and Surfactant-free Assembly of Porous N-doped Carbon 

Hollow Spheres 
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Porous carbon hollow spheres (PCHS) have wide applications, including catalysis, adsorption, and energy 

storage/conversion because of their fascinating properties of carbon itself such as cheap, nontoxic, superior 

chemical stability, and excellent electrical conductivity. Besides, their typical hierarchical structures of 

hollow porous cores with an ion-permeable porous shell could effectively increase the specific surface areas 

and enhance the diffusion of electrolytes, thus improving the electrochemical performances of the electrode 

materials. However, the pure PCHS possessed limited functional groups, which limited its electrical 

conductivity. Doping the heteroatoms (such as N) has been well demonstrated as a robust and versatile 

route to further boost their electronic conductivity and capacitance. Herein, we report a one-pot, surfactant-

free synthesis of N-PCHS using four molecules: resorcinol, formaldehyde, tetrapropyl orthosilicatie (TPOS) 

and ethylenediamine (EDA). The co-condensation process between the in situ generated silica primary  

particles and the polymer oligomers is regulated, leading to monodispersed PCHS. The EDA is not only as 

the catalyst for the hydrolysis reaction of TPOS and resorcinol-formaldehyde, but also as the precursor of 

nitrogen. The resultant hollow N-doped PCHS shows monodispersed morphology (~200nm) and excellen t  

performance for the Lithium-ion batteries. 
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MOFs as high-affinity I2 sorbents for iodine 
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Nuclear power as an alternative to fossil fuels becomes important to meet growing demand for energy 

owing to their high energy density and less emission of greenhouse gases. However, the release of the 

radiotoxic radionuclides such as 129I, 131I, 137Cs and 90Sr during the operation of power plants or more 

seriously during unexpected nuclear accidents could be significantly harmful to human and environment. 

Recently, therefore, the development of sorbent materials with strong affinity to I2 has attracted substantial 

research interest. Metal-organic frameworks (MOFs) have recently emerged as enabling materials for 

radioactive I2 sorption owing to their high surface area and designable and tailorable pore properties. In this 

work, we aim to discover the influence of metal ions and functional groups on the I2 capture. Several MOFs 

featured by their isostructures with various organic functional groups and metal ions were chosen as the 

model materials. The sorption kinetics of the MOF samples were investigated by the use of I2 dissolved in 

cyclohexane and I2 vapor. The properties of I2@MOF samples were thoroughly analyzed through UV-vis  

spectroscopy, single/powder x-ray diffraction (SXRD/PXRD) analyses, and thermogravimetric analyses 

(TGA). 
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Monitoring Facile Transformations of a Novel Metastable Tellurite, 

Li2Mo3TeO12 
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Structural transformation reactions from a metastable layered tellurte, Li2Mo3TeO12 to stable 

polyoxometalates is disclosed using powder X-ray diffraction . The transformation reactions consist of four 

steps: substitution, decomposition, recombination, and precipitation. The key step of the reactions includes 

substitution of Li+ cations to larger alkali metal cations, K+, Rb+, and Cs+, which separates two-dimensional 

structural topologies consisting of MoO6 and TeO4 polyhedra. A unique structural feature of Li2Mo3TeO12 

is the presence of highly strained TeO4 polyhedra, which imposes instability on the crystalline structure as 

well as the facile transformation. This new finding could provide an easy way to design novel functional 

metastable materials and to elucidate their transformation mechanisms. 
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We report the synthesis and full characterization of the first NHC-stabilized triazenyl radicals, obtained by 

one-electron reduction of the corresponding triazenyl cations with potassium metal. Triazenyl radicals were 

characterized by single-crystal X-ray diffraction, EPR spectroscopy. These radicals reversibly oxidize back 

to the cations upon treatment with transition metal sources or electrophiles, and abstract H atom from 

xanthene to form a new N-H bond at the center nitrogen atom. Potential application of the redox couple 

between triazenyl cation and triazenyl radical was demonstrated as cathode active materials in lithium ion 

batteries. 
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Complex Zintl Phase Ca9Zn4.47(1)Sb9 and Ca8.15(2)Yb0.85Zn4.46(1)Sb9 for 

the Thermoelectric Material Application 
 

Ki Won Kim, Tae-Soo You* 
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Thermoelectric (TE) materials can be used to transfer the wasted heat from many different heat sources 

into electricity via the Seebeck effect. Among various candidate materials, Zintl phase compounds are one 

of the most attractive choices for TE application due to their intrinsically complex crystal structures and 

semiconducting characteristics. Two title Zintl compounds Ca9Zn4.47(1)Sb9 and Ca8.15(2)Yb0.85Zn4.46(1)Sb9 

have been synthesized by using the high temperature reaction and characterized by PXRD and SXRD. Both 

compounds crystallized in the orthorhombic Ca9Mn4Bi9-type structure (space group Pbam, Pearson code 

oP48). According to our SXRD refinement results, the unit cells of two isotypic title compounds include 

total 13 crystallographically independent atomic sites including five cationic sites, five Sb sites, and three 

Zn sites. In particular, one of the Zn site (Wyckoff 4g), which acts as a bridge connecting the chains of 

dimerized tetrahedral ∞[Zn4Sb9] moieties, shows some vacancies. Since it is known that the partial 

occupation of this bridging Zn significantly affects the zT value, we attempted to fine tune the Zn amount 

to adjust the hole carrier concentration and introduce the mixed cations of Ca2+/Yb2+ to increase disordering 

in this system. A series of theoretical calculations using TB-LMTO method were also performed using 

several different structural models with different chemical compositions to understand the correlation  

between the given composition and the electronic structure. Detailed electronic energy of each model is 

further investigated, and DOS, COHP and ELF were also interrogated. 
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One-component and Non-ionic Catalysts for the Synthesis of Cyclic 

Carbonates from CO₂ and Epoxides 
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The efficient catalytic systems for the synthesis of cyclic carbonates generally consist of two components 

such as metal-based Lewis acid for epoxide coordination and ammonium halide as a nucleophile for the 

ring opening. Although one-component catalytic systems for the synthesis of cyclic carbonates are seldom 

known in the literature, the typical one-component catalysts reported in the literature are known to have the 

form of ammonium halides tethered to the chelating ligands coordinated to the metal center.¹ To the best 

of our knowledge, there have been no reported studies on one-component and neutral catalytic systems 

containing no tethering salts in a molecule. Recently, we reported tertiary amines as a new class of highly 

efficient organocatalysts for the synthesis of cyclic carbonates.² In addition, many chromium-based  

compounds are known to be very active catalysts for the coupling reaction of CO₂ and epoxides³ however, 

no examples of their congeners such as molybdenum- and tungsten-based compounds as catalysts for the 

coupling reaction of CO₂ and epoxides are reported in the literature.In this poster session, we will report 

the synthesis of new Cr-, Mo-, and W-based compounds containing bidentate tertiary amines and their 

application as catalysts in the absence of any additives for the synthesis of cyclic carbonate.Reference[1] 

Tian, D.; Liu, B.; Gan, Q.; Li, H.; Darensbourg, D.J., ACS Catal. 2012, 2, 2029.[2] Cho, W.; Shin, M.S.; 

Hwang, S.; Kim, H.; Kim, M.; Kim, J.G.; Kim, Y. J. Ind. Eng. Chem., 2016, 44, 210.[3] Darensbourg, D.J.;  

Mackiewicz, R.M.; Billodeaux, D.R., Organometallics 2005, 24, 144. 
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Synthesis of Functionalized Bowl structured Nano-reactor for 

Promising Applications 
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Non-spherical structured nanoparticles have drawn much attention for various applications because they 

have more complicated structure and properties than simple spherical nanoparticles and can show 

development possibility as fresh nano-reactors. Among them, silica nanoparticles with open cavity such as 

concave or bowl nanoparticles can be used as promising reactor in catalyst, delivery carrier and biosensor.In 

this research, we synthesized bowl structured silica nanoparticles with Fe3O4 in about 50nm diameter scale 

using Janus Fe3O4@SiO2 nanoparticles. After chemical etching in acidic solution at room temperature, each 

nanoparticle has cavity and finally bowl-shaped structure was obtained. Up to date, concave silica 

nanoparticles having a size of several hundred nanometers have been reported and this size is limited in 

practical applications. Because they have unique physiochemical properties; very stable in aqueous solution 

and functionalized with Fe3O4 and amine functional group from aminosilane. So we can expect that these 

functionalized silica nanoparticles can be used in broad applications. 
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Synthesis and Photophysical Properties of Novel Host-Guest Systems 

Based on Salen-Al/Carbazole 
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A new type of luminescent carbazole-containing organometallic complexes has received much interest 

because it can exhibit interesting optical properties such as emission-color tuning and increase of quantum 

efficiency. We have recently developed salen-Al dyads containing other functional groups, such as boron 

dipyrromethane (BODIPY) and triarylborane (TAB), thus controlling intramolecular energy transfer (IET) 

between them as well as leading to unique emission features. In this regard, we designed novel host-guest 

systems based on the salen-Al complexes containing carbazole units to induce unique photophysical 

changes and enhance the emission efficiency. The detailed synthesis, characterization, and optical 

properties of these host-guest systems (D1 and D2) in conjunction with theoretical calculations will be 

described. 
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Mechanochemically induced structural transformation of COPs, 

[Ag(dmotz)(CF3SO3)]n to {[Ag(dmotz)(ClO4)]}, by anion-π 
interactions 

 

JinUk Lee, MOON-GUN CHOI* 

 
Department of Chemistry, Yonsei University, Korea 

  

In this study, two coordination polymers were synthesized by using 3,6-dimethoxy-s-tetrazine(dmotz) and 

multiple silver salts (AgX; X= CF3SO3-, and ClO4-). In the 3D crystal structure of 

[Ag(dmotz)(CF3SO3)]n(1), an anion CF3SO3- resulted 1D linear chain network, and a use of ClO4- led a 

coordination polymer {[Ag(dmotz)](ClO4)}n (2) to form the 2D grid network. Interestingly, a structural 

transformation under mechanochemical condition from 1 to 2 was achieved due to the stronger anion-π 

interaction between 3,6-dimethoxy-s-tetrazine(dmotz) and ClO4-. However, the opposite transformation 

from 2 to 1 was not driven in spite of an excess of CF3SO3- anion. This presentation will provide an anion 

dependent structural transformation of coordination polymers under mechanochemical conditions and their 

X-ray 3D crystal structures. 
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Mechanochemically induced synthesis of Ru, Rh, and Ir based macro-

metallacycles via C–H activation 
 

YOUNGHUN KIM, MOON-GUN CHOI* 

 
Department of Chemistry, Yonsei University, Korea 

  

In recent, metalla-macrocycles have attracted great attention because of structural diversities depending on 

the various coordination environments surrounding metal units and multifunctional organic ligands, and its 

noteworthy host-guest properties. To construct metalla-macrocycles, transition metal based half sandwich 

fragments (e.g. Ru, Rh, or Ir) are used due to inducing simple synthetic methods and high yields. A 

mechanochemical reaction, which is induced by kinetic energies from milling or grinding under solvent-

free conditions, has become a substitute of pre-existing syntheses in the solution in terms of green chemistry. 

A mechanochemical reaction usually results higher yields, faster rates of reaction, and preventing toxic 

wastes from any organic solvents. Especially, a mechanochemical reaction using transition metal based 

moiety has various applications such as catalytic reactions, mononuclear metal complexes, and multi-

dimensional networked compounds (e.g. coordination polymers or metal-organic frameworks ). 

Nevertheless, a study of mechanochemical reactions of multi-nuclear metal complexes is still rare. Our 

group synthesize binuclear metalla-macrocycles through the cyclometallation by C–H activation of 

multitopic ligand, 5-(pyridine-3-yloxy)isophthalic acid, and N-donor coordination with half sandwich 

fragments of [(p-cymene)Ru(OAc)2], [Cp*Ir(OAc)2] and [Cp*Rh(OAc)2]. Binuclear metalla-macrocycles  

were characterized by 1H NMR, Infrared spectroscopy, and elemental analysis. Consequently, the data was 

matched similarly with the products prepared by the reaction in the solution. The 3-D crystal structures of 

binuclear metalla-macrocycles were illustrated by a single crystal X-ray analysis. 
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Syntheses, crystal structures, and properties of dinuclear 

lanthanide(III) metal complexes with N-(2-
pyridylmethyl)diethanolamine 

 

Sira Park, Kil Sik Min1,* 
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Dinuclear lanthanide(III) metal complexes, [(Hpmide)Er(NO3)2]2 (1), [(Hpmide)Tm(NO3)2]2 (2), and 

[(Hpmide)Yb(NO3)2]2 (3) have been prepared by the reaction of N-(2-pyridylmethyl)diethanolamine 

(H2pmide) and metal (M) salts (M = Er(III), Tm(III), and Yb(III)) in methanol. Lanthanide(III) metal 

complexes were characterized by elemental analysis, IR spectroscopy, single crystal X-ray diffraction, and 

photoluminescence. All complexes belong to the monoclinic P21/n space group. The metal ions in the 

dinuclear lanthanum(Ⅲ) complexes show 9-coordinated geometric structures. In the structures, each metal 

ion is connected to an oxygen atom of the Hpmide- ligand. In the complexes, strong bands at 263 nm are 

shown due to the pyridine group of the Hpmide- ligand. In addition, each complex was observed unique 

photoluminescence behaviors in the solid state which is attributed to lanthanide(III) metal ions. In this 

poster, we will present and discuss the synthesis, structure, and physical properties of new lanthanide(III) 

dimers 1-3. 
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A Chemical Function of Commonly Inert Trichloromethane: Room-

Temperature Removal of Coordinated Solvents at Open Metal Sites in 
MOFs 

 

Jinhee Bae, Nak Cheon Jeong* 

 
Department of Emerging Materials Science, Daegu Gyeongbuk Institute of Science & Technology, Korea 

  

Open coordination sites (OCSs) in metal-organic frameworks (MOFs) have shown potential in applications 

such as molecular separation and sorption, catalysis, ionic and electronic conductions, and chemical sensing, 

among others. Thus, the removal of coordinated solvents at OCSs has been thought as an important  

prerequisite step that must be performed prior to use of MOFs in such applications. Thermal activation (TA) 

method that is normally performed by applying high temperature and vacuum has been commonly  

employed to remove the coordinated solvents from the MOFs. However, considering that the TA influences 

negatively on the structural integrity of MOF, a safe method for the activation has been demanded.In this 

poster presentation, we introduce a new and safe activation method, that is, ‘chemical activation’ that is 

performed by trichloromethane (TCM). More concretely, soaking MOFs into fresh TCM solvent several 

times can completely remove the coordinated solvent from the MOFs and thereby, fully activate the MOFs. 

We ascribe the activation function behaviour of TCM to its possible coordination to metal center. We 

observed that although TCM is an inert chemical so that employed as a solvent in the variety of chemical 

reactions, the lone-paired electrons at the Cl atoms in TCM could coordinate to the OCSs at Cu centers. In 

particular, we will discuss a possible coordination of TCM and a plausible mechanism for the chemical 

activation function of TCM treatment process on the basis of the results obtained from Raman spectroscopic 

analysis. Finally, we also demonstrate that this chemical activation method is a superior strategy for 

activating thermally deformable MOF-polymer mixed matrices (MMs). 
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Metal–Organic Framework “Swimmers” with Energy-Efficient 

Autonomous Motility 
 

Junheuk Park, Bartosz Grzybowski1,* 
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Self-motility so called as self-propel-seen in animals, individual cells, and micro-organisms-has inspired 

the design of various artificial autonomous locomotion systems. General examples are tactic droplets and 

segmented nanorods powered by photocatalytic decomposition of H2O2. In these days, there are significant 

research fueled by catalytic reactions, light, electric, and magnetic fields, polymer capsules, exfoliating  

particles, as well as numerous forms of the so-called camphor boats based on gel, polymer. Camphor boats 

as a representative example can spread surface-active chemicals onto the interface and moves following  

surface tension gradients, which, in turn, set up convective Marangoni flows. It can power the boats to 

perform different types of motion (continuous, oscillatory, or intermittent) and, if many boats are present, 

can drive formation of dynamic structures, including open-lattice arrays or swarms in which smaller 

particles assemble behind and follow larger “leaders”. Recent progress in the synthesis of metal–organic 

framework, MOF, crystals and films of appreciable dimensions (i.e., larger than microscopic crystallites) 

has prompted interest in these materials also acting as autonomous movers—this idea rests on the 

assumption that MOFs’ highly ordered porous structures could regulate release of surface-active molecules 

and thus control the ensuing motion. Pioneering examples of self-propelled MOFs come from the Matsui 

group, but the diphenylalanine “fuel” used is costly (ca. $500/g from Sigma-Aldrich), and the particle shape 

is not controlled. Here, we describe a different self-propelled MOF—based on freestanding films of the 

porphyrin-based porous coordination network PCN-222—that not only uses much less expensive fuels (e.g., 

benzoic acid, dimethylformamide, diethylformamide, dibutylformamide) but also combines several other 

interesting attributes: (i) The moving particles cut from large MOF films can have arbitrary shapes, 

including those that ensure directionality of motion. (ii) The efficiency of motion (in terms of achievable 



velocities over 200 mm·s–1 and kinetic energies over 50 μJ·g–1) is significantly higher than that in the 

majority of previously reported gel or MOF motors. (iii) The velocities of the MOF swimmers depend on 

the microstructure of the film which differs between its two sides. (iv) In later stages of their motion, the 

MOFs exhibit and can switch between two distinct patterns of motion (continuous vs intermittent). (v) The 

MOFs can be refueled multiple times. (vi) When multiple particles are present at the interface, they organize 

into “open” structures that can move collectively and in a time-periodic manner. 
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Anisotropic Proton Conduction in a Channel-Type Metal-Organic 

Framework MOF-74 
 

Dahae Song, Nak Cheon Jeong* 

 
Department of Emerging Materials Science, Daegu Gyeongbuk Institute of Science & Technology, Korea 

  

Often characterized by large internal surface areas and extended nanoporosity, MOFs have received 

attentions as potential candidates for applications in chemical separations, gas storage, chemical sensing, 

and ion exchanges. Recently, proton conductivities of MOFs have also received substantial attention due 

partly to academic curiosity about the correlation between the mobility of protons and the porosity of MOF 

and partly to the potentials in industrial applications for fuel cells and batteries. The demonstration of proton 

conductivity has been confined only to several MOFs, which possess (i) abundant proton sources in either 

pore or framework, (ii) large pores that contains sufficient proton-transporting medium, and most 

importantly (iii) high chemical stability against water and acid. However, these limitations also limit the 

studies for proton conductivity. For examples, anisotropy in proton conduction which correlates with the 

pore structure of MOFs has been rarely studied. That is due to lack of a technique to synthesize large crystals 

of MOFs that should be connected to electrodes prior to the study. In this poster, we will present the high 

anisotropy in proton conductivity of robust Co-MOF-74 which contains 1-dimensional channels along c-

axis. More precisely, while the MOF-74 engenders low proton conductivity with the value of 10-6 S cm-1 

when the electrodes are connected perpendicular to the c-axis, it engenders approximately three-order 

higher conductivity with the value of 10-3 S cm-1 when the electrodes are connected parallel to the c-axis . 

Further, we demonstrate that this proton conductivity can be substantially enhanced when inorganic acid 

or base is introduced into the MOF crystals. 
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Diffusion-Control in the In Situ Synthesis of Metal-Organic 

Frameworks within an Ionic Polymer Matrix 
 

Eun Ji Lee, Nak Cheon Jeong1,* 
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A recently fueling interest in MOFs is the fabrication of MOFs in the form of mixed matrices (MMs) with  

eco-friendly polymers, in part, because MOF–polymer MMs are a highly useful platform to utilize MOFs 

for potential applications involving molecular sorption, chemical separation, and chemical sensing, and in 

part, because global demand for sustainability is rapidly increasing. However, given that post-fabricated 

MOF-MMs prepared by mixing presynthesized MOF crystallites with a polymer have often been 

characterized by (i) inhomogeneous distribution of the MOF particles in the polymer matrix and (ii) inferio r 

junction-contact between MOF crystal and polymer matrix, an alternating method to resolve these negative 

factors must be developed.In this poster presentation, we will introduce a new strategy for the in situ 

synthesis of MOFs in an eco-friendly ionic polymer, alginate (hereafter ALG), with the form of mixed  

matrices (MMs). We found that the in situ synthesis of MOF-polymer MMs is, in fact, an interestingly 

alternating method to the conventional postfabrication of MMs because the sequential order of supplying 

MOF ingredients (either metal ion, i.e., Cu2+, or deprotonated ligand, i.e., benzenetricarboxylate (BTC3–)) 

into the alginate matrix leads to different results. For the examples examined, the infusion of BTC3− ligand 

into Cu2+-exchanged ALG engendered the eggshell-shaped HKUST-1 layers on the surface of MM spheres, 

the infusion of Cu2+ ions into BTC3–-included ALG engendered the high dispersivity and junction contact 

of HKUST-1 crystals in the alginate matrix. Using molecular dyes, further, we demonstrate that MOF-MMs 

directly and homogeneously grown by this in situ methodology exhibits size-selective molecular uptake. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: INOR.P-198 

Area: Inorganic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Rational Design of Discrete Inorganic Supramolecules with Superb-
Hierarchical Structures through a Multilevel Coordination-Driven 

Assembly 
 

Hyojong Yoo*, Duy Hien Mai 
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A cobalt (Co) supramolecular triple-stranded helicate-based molecular cage, [[Co8(PDA)6(tbu-

PTA)3(DMF)4(H2O)2]6-[Co(H2O)3]4] (1) (PDA = 2,6-pyridinedicarboxylate, tbu-PTA = 5-tert-butyl 

isophthalate, DMF = dimethylformamide), can be rationally designed through the multilevel coordination-

driven assembly concept. The solid-state structure of 1 shows that it is composed of six triple-stranded 

helicates, which is generated through the ‘secondary’ assembly of Co-based clusters (primary assembly), 

interconnected through four linking Co(II) species. The discrete Co triple-stranded helicate supramolecules, 

Co8(PDA)6(tbu-PTA)3(DMF)6 (2) were also synthesized in a separated reaction. The solid-state structure 

of 2 shows that two distinct conformations, left- and right-handed, exist simultaneously in a single unit cell. 

Complex 1 showed much higher and more selective CO2 uptake properties compared to that of complex 2 

and other discrete molecular platforms. 
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Cage-like Crystal Packing through Metallocavitands within a Cobalt 

Cluster-based Supramolecular Assembly 
 

Hyojong Yoo*, Duy Hien Mai 
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A cobalt (Co) supramolecular triple-stranded helicate, [Co8(PDA)6(Br-PTA)3(DMF)4(H2O)2] (PDA = 2,6-

pyridinedicarboxylate, Br-PTA = 5-bromo isophthalate, DMF = dimethylformamide), is successfully 

synthesized and fully characterized. The solid-state structure of 1 shows that four cobalt atoms are 

coordinated by three PDA ligands to form a tetranuclear cobalt cluster with three extension points and the 

ditopic Br-PTA ligands interlink two basic assembly units. Notably, in solid state the cobalt clusters and 

bromo groups of Br-TSH can function as metallocavitands and guests, respectively, and their corresponding 

metallocavitand-induced host-guest interaction would account for a unique and highly symmetric cage-like 

crystal packing geometry, which are rarely observed in other TSHs. The isomorphous molecular cage, 

which exhibits similar crystal-packing geometry as observed in 1, is also successfully isolated. This is an 

unusual example of a highly symmetric crystal packing architecture, resulting from the host-guest 

interaction within metallocavitands of in-situ generated supramolecular modules. 
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Synthesis of Isomorphous Nickel Triple-Stranded Helicate-Based 

Molecular Cages with Superb- Hierarchical Structures 
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We report the strategies for the preparation of discrete metallosupramolecular cages using the multilevel 

coordination-driven assembly concept. A well-organized and higher-order molecular cage (CH3-Ni cage), 

[Ni8(PDA)6(MIP)3(DMF)6]6 . [Ni(H2O)3]4 (1) (PDA = 2,6-pyridinedicarboxylate, MIP = 5-

methylisophthalic acid, DMF = dimethylformamide) can be regarded as the coordination-driven assembly 

of six methyl-functionalized nickel (Ni) triple-stranded helicates (CH3-Ni TSHs) as supramolecular 

modules and six-coordinate octahedral nickel ions. The replacement of 5-methylisophthalate with 5-tert-

tbutylisophathalate leads to the formation ofan isomorphous molecular cage (tbu-Ni cage), [Ni8(PDA)6(tbu-

PTA)3(DMF)6]6 . [Ni(H2O)3]4 (2) (tbu-PTA = 5-tert-tbutylisophathalate). Similar to 1, molecular cage 2 can 

be designated as the result of supramolecular assembly. The presence of well-defined and robust cavities 

of the synthesized cages renders them promising in selective gas sorption/separation application. 
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Synthesis and Characterization of Functional Cobalt Supramolecular 

Triple-Stranded Helicates and Their Controllable Higher-Order 
Assemblies 
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Recently, the coordination-driven assembly of well-defined and rigid tetranuclear cobalt clusters, composed 

of four cobalts and three 2,6-pyridinedicarboxylate (PDA) ligands, through three "strand' isophthalate (PTA) 

ligands to form a novel metallosupramolecular structure with fascinating triple-stranded helical geometries 

(TSH) has been first reported by our group. More importantly, TSHs can be considered efficient conceptual 

supramolecular modules for building higher-order molecular assemblies through the coordination with Co2+ 

cations induced by the availability of unsaturated oxygens residing on cobalt clusters. Herein, we report the 

rational design of a variety of functional TSHs through the use of different PTA substitutes, Co8(PDA)6(X-

PTA)3(DMF)m(H2O)6-m (X, the functional groups at the 3-position on the benzene ring of substituted PTA 

ligand = ─C(CH3)3, ─H, ─OCH3, ─NH2, ─OH, ─COOH, and ─Br). The TSHs’ capability of assembling 

with Co2+ in given reaction conditions to form higher-order structures will be also investigated. In addition, 

we expect that the rational design of functional groups at given specific sites at molecular level can provide 

access to unique chemical and physical properties of the resultant metallosupramolecules. 
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[NO] - type of a bidentate ligand Synthesis and Application of 

Aluminum Catalyst System 
 

SeungYeon Cho, Youngjo Kim* 
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Finding new catalyst systems for the coupling of carbon dioxide with epoxides to make cyclic carbonates 

is one of the most active research areas in carbon dioxide conversion. A variety of catalytic systems have 

been reported for this transformation, among which nontoxic catalysts based on earthabundant aluminum 

are among the most significant. In this poster session, we will present new aluminum compounds containing 

phenoxyimine ligands, known as ligands for FI catalyst in the field of olefin polymerization and their use 

as catalysts for the coupling of CO2 and epoxide in the mild condition. 
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Significant Rectification of Tunneling Currents Achieved by Pyrene-

terminated n-Alkanethiolate 
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Fundamental understanding on how rates of charge tunneling across molecules are related to the chemical 

and electronic structures of them is important for study of organic and molecular electronics. In this work, 

we show structurally simple, new organic rectifier of n-alkanethiolate terminated with polycyclic aromatic 

hydrocarbon (PAH) moiety, pyrenyl. Large-area tunnel junction of self-assembled monolayer (SAM) 

comprising this molecule exhibits high rectification ratio (~148 ± 2) with a negative polarity (J(-V) >> 

J(+V)). To elucidate the basis of the rectification, several physical organic studies are conducted. Some of 

them include the structural change of PAH terminal group from pyrenyl to naphtharenyl, anthracenyl, 

phenanthrenyl while retaining other junction components identical, junction measurements at variable 

temperatures and with different top-electrodes (eutectic gallium-indium alloy vs. gold), and the 

characterization of SAMs with ultraviolet photoelectron spectroscopy (UPS). Our results indicate that the 

rectification is associated with HOMO energy level of PAH, relies on pure tunneling (not thermally  

activated hopping process), and can be explained by asymmetrically occurring resonant tunneling at +V 

and –V based on the Araidai’s molecule-electrode coupling model. 
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Functionalization of Zr-MOF with amine base to remove chemical 

warfare agents 
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In the past, North Korean celebrities have been killed by chemical weapons, and many people are 

increasingly interested in chemical weapons.Chemical weapons have been used since World War I and the 

risks are very high.To prevent the spread of chemical weapons, Organization for Prohibition of Chemical 

Weapons (OPCW) was prohibited in 1997.However, chemical weapons are still being produced by non-

participating countries, and in particular, North Korea has many chemical warfare agents.In this study, we 

attempted to improve the decomposition efficiency of chemical agents by modifying MOF-808, one of the 

Zr-based metal organic frameworks.The effect of the amine functionalization on the decomposition 

efficiency of the chemical agent was studied. 
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Ultrastable cross-bridged chelators as general platform for antibody 

radiolabeling with Cu-64 
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Monoclonal antibodies have been widely exploited for both diagnostic and therapeutic purposes. For 

antibody radiolabeling with Cu-64, requirement of a bifunctional chelator which can hold the radio metal 

robustly is essential. Thus development of ultrastable chelator is needed. However, most heat-sensitive 

antibodies cannot be radiolabeled utilizing these chelators because of their high temperature radiolabeling  

profile. It thus limits its wide applications. Herein we develop a new type of versatile cross-bridged 

macrocyclic chelator (PCB-TE2A-alkyne), which can be transformed to any functional group prior to 

radiolabeling for easy conjugation with antibody. Modifications to different functionality did not require 

any tedious purification and after radiolabeling it can be conjugated to antibody in excellent yield. It thus 

facilitates a general and broad platform for antibody radiolabeling with Cu-64. The applicability was 

demonstrated using trastuzumab in NIH3T6.7 tumor-bearing BALB/c nude mice. 
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Bright emission of Core/Double-shell Upconversion Nanophosphors 

under 800 nm NIR light 
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Lanthanide doped upconversion nanophosphors (UCNPs) have unique properties such as long life time, 

photostability, and non-toxicity. Due to these properties, the UCNPs are suitable for bio application such 

as bio-imaging and bio sensor. Most UCNPs emit visible light by excitation with 980 nm near infrared  

(NIR) light. In this case, deep tissue imaging is difficult because the penetration depth of the 980 nm NIR 

light is greatly reduced due to the high absorption of water within biomolecules. Therefore, we need the 

UCNPs that exhibit strong emission under 800 nm NIR light where water absorption is low for using bio 

application.In this study, we synthesized core/shell (C/S) UCNPs that emit visible light under 800 nm NIR 

excitation. In addition, the core/double-shell (C/D-S) structure was introduced to enhance luminescence 

under 800 nm NIR light, and the C/D-S UCNPs showed 2.8 times brighter emission than C/S UCNPs . 

Furthermore, we investigated the applicability of bio-imaging using the C/D-S UCNPs. 
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Growth of centimeter sized γ-cyclodextrin based metal organic 

frameworks (MOF) single crystals 
 

Namhun Kim, Junheuk Park, Bartosz Grzybowski1,* 
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Centimeter sized metal organic frameworks(MOFs) crystals growth might create new fields of MOFs 

applications. However, developing a method for preparation of large MOFs crystals is challenging work 

because general MOFs crystals were synthesized in high temperature and pressure. Here, we introduce 

centimeter sized, cyclodextrin based MOFs(CD-MOF) crystals obtained by means of vapor diffusion 

method and seed crystallization method at moderate conditions. We also report a method to grow crystals 

with specific shape without sculpting in MOF crystals by applying centimeter sized MOF crystal growth 

method. Using optical and microscopic images, powder X-ray diffraction(PXRD) pattern, and Brunauer-

Emmett-Teller(BET) surface areas results, we prove the crystal size and quality of these CD-MOF single 

crystals. 
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Transition metal-doped CuInS2 for white Light-emitting diode 

application 
 

Shul-GI Park, Kwangyeol Lee, Ho Seong Jang1,* 
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Down-converted quantum dots (QDs) have been extensively studied for past three decades since the report 

on the synthesis of high-quality colloidal CdE (E = S, Se, Te)<sup)1. The CdE QDs show high quantum 

yield (QY), but they are toxic due to the presence of Cd. For that reason, the need for environmentally -

friendly QDs without Cd is emerging. In this study, we synthesized Cd-free CuInS2-based QDs that they 

showed broad emission under blue light excitation. The transition metal was doped to control the emission 

band. Then doped CuInS2 QDs exhibited high QY and broad emission with full width at half maximu m 

wider than 110 nm. In order to increase of QY, we synthesized CuInS2 QDs with core/shell/shell structure. 

The core/shell/shell QDs showing broad and bright emission are suitable to be applied to blue light-emitting  

diode (LED)-pumped white LEDs (WLEDs). In this study, white LEDs using core/shell/shell QDs were 

fabricated. We confirmed CuInS2 QDs by elemental analysis using an electron microscope and investigated 

the optical properties of the transition metal-doped CuInS2 QDs. Finally, optical properties of WLED were 

investigated. (1)Murray, C. B.; Norris, D. J.; Bawendi, M. G. Synthesis and Characterization of Nearly  

Monodisperse CdE (E = Sulfur, Selenium, Tellurium) Semiconductor Nanocrystallites. J. Am. Chem. Soc. 

1993, 115, 8706-8715. 
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Fabrication of a Molybdenum Nano-Pattern on Soda Lime Glass for 

CIGSeS Photovoltaic Applications 
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1Department of Chemisty, Kookmin University, Korea 
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A molybdenum nanorod pattern consisting of hexagonal closed-packed arrays was fabricated on soda lime 

glass (SLG) substrates. These nanostructures, which were fabricated by transferring two-dimensional nano-

patterns onto a glass substrate using a combination of polystyrene (PS)-based nanosphere lithography (NSL) 

and reactive ion etching (RIE), enhanced the diffusion length by increasing the surface area. To fabricate 

the nanorod pattern on the SLG, the proper conditions for selective etching were investigated via different  

reactive ion gas conditions and power levels. The corresponding optical and structural properties were 

examined using a scanning electron microscope (SEM) and reflectance spectroscopy. We optimized the 

conditions of fabricating hexagonal closed-packed patterned molybdenum nanorod for use in conjunction 

with bottom electrodes of CIGSeS photovoltaic (PV) cells by analyzing the power conversion efficiency of 

CIGSeS PV cells. 
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Fabrication of Free-Standing Quantum Dot Films using an 

Electrospray Method and Enhancement of the Film Stability by means 
of Polymer Passivation 
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We fabricated free-standing electrosprayed (e-sprayed) quantum dot (QD) films for use instead of down-

conversion (DC) phosphors for white-light-emitting diodes (W-LEDs). AgIn5S8/ZnS QDs and a 

thermoplastic polymer, poly(methylmethacrylate) (PMMA), were used as a DC material and a matrix, 

respectively. We applied the free-standing e-sprayed QD films to the top of blue LEDs to realize remote-

type W-LEDs. The W-LED showed a luminous efficacy (LE) of 75.9 lm/W and a color rendering index 

(CRI) of 71 with an applied current of 60 mA. We also passivated the e-sprayed QD films with a UV-

curable polymer, NOA 61, to improve stability of the films. The same procedure described above was also 

applied during the fabrication of the W-LED. The LE of the W-LED with bare e-sprayed film was reduced 

by 67% from 66.2 lm/W to 21.7 lm/W after two hours with an applied current of 60 mA, while with NOA 

61 passivation, the LE was reduced in the e-sprayed film by only 26.3% from 74.7 lm/W to 55.3 lm/W after 

ten hours 
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Indium-based Luminophores with Color-Tunable Emission 
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Group 13-based luminescent materials have received great attention as promising luminophores because of 

their outstanding optical properties. Recently, we found salen-indium complexes exhibited multicolo r 

emission features covering the entire visible region. Although the lowest unoccupied molecular orbitals 

(LUMOs) of the salen-based luminophores are closely associated with the bridging backbones of the salen 

units, varying the luminescent properties through controlling the LUMO of the salen moiety has been rarely 

investigated. In this poster session, we will present the detailed synthesis, characterization, and 

photophysical properties with theoretical calculations for systematic designed indium luminophores 

containing various kinds of salen ligands. 
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Enhancement of the Optical Properties of InGaN-Based Nanorod 

Light-Emitting Diodes using Electrodeposition from a Water/Ethanol 
Mixture Solution 

 

Yun Jae Eo, Gang Yeol Yoo1, Young Kwon Jang, Byungju Lee, HEEJOON KANG, Woong 
Kim1, YOUNG RAG DO* 
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In this study, we fabricated one-dimensional (1D) nanorod light-emitting diodes (LEDs) from epitaxially  

grown LED structures on patterned sapphire substrates. In order to fabricate individually separated GaN-

based 1D nanorod LEDs, we used nanosphere lithography (NSL), reactive ion etching (RIE) and 

inductively coupled plasma (ICP) etching processes. We also produced green-emitting devices configured 

with these nanorod LEDs by a dielectrophoresis (DEP) assembly method on pre-patterned metal electrodes. 

The newly produced green LED devices had inferior optical properties, including the luminance, due to the 

poor interconnections between the aligned nanorod LEDs and the electrodes. To solve these problems, we 

utilized an electrodeposition process with the devices. The electrodeposition process uses a HAuCl4  

aqueous solution with ethanol added to adjust the current under a constant voltage condition. As a result, 

the optical properties of the novel green LED device were improved, and we could confirm the feasibility  

of these devices for use in planar surface LED applications such as displays and lightings. 
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Determination of ligand electrochemical parameters (EL) of series 
bis(arylimino)acenaphthene ligands based on RuII/RuIII oxidation 

potential 
 

Young Hoon Jang, Byung Wook Lee, Do Hoon Jun, Youn Kyung Kang* 

 
Department of Chemistry, Sangmyung University, Korea 

  

Series Ru complexes of [Ru(BIAN)3]2+, where BIAN=bis(arylimino)acenaphthene, were designed and 

synthesized for the determination of ligand electrochemical parameters (EL) of BIAN ligands. Five different  

aryl groups (phenyl, 4-tbutylphenyl, 4-methoxyphenyl, 4-bromophenyl, 4-nitrophenyl) were introduced for 

the systematic evaluation of electronic effect. Electrochemical experiments were performed to measure 

RuII/RuIII oxidation potentials. Those values were applied to predict the sequential two-electron proton-

coupled oxidation reactions, L5RuII-OH2 → L5RuIII-OH → L5RuIV=O of [Ru(tpy)(BIAN)(H2O)]2 + 

complexes. DFT calculation method was established to reproduce experimentally determined EL values. 

Pbe1pbe hybrid functional with modest def2SVP/SDD28 basis set was best to describe EL values. By this 

work, we could establish a method to design ruthenium aqua complexes that exhibit oxidation potential 

inversion behavior. 
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Regio- and conformational dependence of cofacial anthracene-quinone 

electronic interactions within the stong coupling regime 
 

Hae Won Jung, Youn Kyung Kang* 
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New π-stacked donor-acceptor Q-N-An systems (Q-N-A1=2-(8-(anthracen-1-y l)naphthalen-1-

yl)cyclohexa-2,5-diene-1,4-dione, Q-N-A2=2-(8-(anthracen-2-yl)naphthalen-1-y l)cyclohexa-2,5-diene-

1,4-dione, Q-N-A9=2-(8-(anthracen-1-y l)naphthalen-9-y l)cyclohexa-2,5-diene-1,4-d ione) have been 

synthesized and characterized to evaluate electronic interactions between the cofacially aligned donor (An) 

and acceptor (Q). Due to a 1,8-naphthyl pillaring motif, the closest distance between An and Q moieties are 

held fixed at sub van der Waals distance. The electronic coupling between the ground and the charge 

transfer excited states have been analyzed by the experimental steady state absorption spectroscopy as well 

as the theoretical TD-DFT calculation. Subtle differences of donor-acceptor mutual orientation have a 

significant impact on the electronic coupling magnitudes. This study demonstrates the sensitivity of CT 

transition moments to D-A orientation at contact, and underscores the strong dependence of D-A coupling 

upon the nature of π-stacking.. 
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Dual-Color Phosphor-in-Glass for On-Chip Type of Chip-on-Board 

White LED using a Low-Melting-Point Sn-P-F-O-Based Glass Matrix 
 

Hee Chang Yoon, HYEONGJIN LEE, JoongHo Lee, soyeon yoon, YOUNG RAG DO* 

 
Department of Chemistry, Kookmin University, Korea 

  

We introduce a low-melting-point Sn-P-F-O component type of glass for use as a light-emitting diode (LED) 

encapsulant which allows processing at a low sintering temperature and in less time (less than 300 °C; one 

minute) with a typical sintering process. To confirm that the obtained glass materials are chemically bonded, 

FT-IR, XPS, and EDX analyses demonstrate good interlinkages among the Sn-P-F-O composition. 

Moreover, physical surveys of the glass encapsulant are evaluated in comparison with Si resin through 

physical analyses specifically involving the thermal conductivity, actual operating temperature in a chip-

on-board (COB) LED, and optical transmittance when exposed to long-term heat radiation. We also 

fabricate on-chip COB-type pc-WLEDs using green (BaSr)2SiO4:Eu2+ and red (SrCa)AlSiN3:Eu2+ dual-

phase phosphors with low-sintering-temperature Sn-P-F-O glass frit. The optical properties of these 

fabricated single-package WLEDs showed feasible luminous efficacy rates (71.7 – 85.4 lm/W) with  

external quantum efficiency levels of 26.9 – 32.4%, excellent color rendering indexes (CRIs) (94 – 97), and 

high special CRIs for strong red (R9, 87 – 99) in a correlated color temperature range of 2700 to 10000 K. 

In addition, we confirmed the good thermal stability of these glass encapsulant on-chip type COB pc-

WLEDs compared to that of the Si encapsulant on-chip type by taking current dependence (up to an applied 

current of 300 mA) and long-term operating measurements (~200 hrs). 
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Fabrication of CsPbX3/CsPb2X5 Quantum Dots Film-Based 

Monochromatic Remote-Type LED 
 

HYEONGJIN LEE, Hee Chang Yoon, JoongHo Lee, YOUNG RAG DO* 

 
Department of Chemistry, Kookmin University, Korea 

  

In this study, we fabricated core-shell structured CsPbX3/CsPb2Br5 (X = Br, I, and a mixture of these 

materials) perovskite quantum dot (QD) based remote-type phosphor-converted light-emitting diodes (pc-

LEDs). First, five different colors of highly efficient and narrow full-width-at-half maximum (FWHM) 

CsPbX3/CsPb2Br5 QDs were synthesized by a colloidal hot injection method. The quantum yields (QYs) of 

the CsPbX3/CsPb2Br5 QDs ranged from 85% to 95%. The peak wavelength and FWHM of each of the five 

CsPbX3/CsPb2Br5 QDs were measured and found to be 515–635 nm and 20–35 nm, respectively. In 

addition, quantum dot stability tests such as humidity, thermal, and polar solvent were conducted to confirm 

the enhancement the stability of CsPbX3/CsPb2Br5 in harsh condition. Moreover, to realize remote-type 

monochromatic pc-LEDs, green and red emissive CsPbX3/CsPb2Br5 perovskite QD films were obtained 

using a UV-curable resin (NOA 63). The monochromatic green and red emission peaks of the remote-type 

LEDs have narrow FWHMs of 20nm and 36nm, respectively. The optical properties of the 

CsPbX3/CsPb2Br5 QDs and their monochromatic remote-type LEDs were characterized by UV-visible, 

photoluminescence, and electroluminescence measurements 
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Chirality Inversion in Supramolecular Polymers 
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We report a distinctly different dynamic helix inversion pathway of self-assembled terpyridine-based 

ligands composed of different numbers of peptide moieties with Co2+ and its amplification of strain-induced 

chirality from an achiral terpyridine moiety. The helical chirality of the metal centers, coordinated by 

terpyridine ligands, is controlled by strain induced chirality with complex ligand to Co2+ ratios. We also 

show that the distinct helical inversion mechanism is significantly dependent on the number of peptides 

attached to ligands. The helical inversion pathway of the self-assembled ligand (R-1 and S-1) complexes  

composed of one alanine analogue (R- or S-2-amino-1-propyl moiety) and one long saturated alkyl chain 

relies on two steps of chirality with different complex geometries, first from strain-induced chirality  

originating from an octahedral structure to octahedral structure with different helical direction and then on 

to helical chirality in a square pyramidal structure. In contrast, the helix inversion of the self-assembled R-

2 and S-2 complexes containing an alanine analogue and two glycine moieties with Co2+ was followed by 

one step to form two distinct coexisting complex geometries having the same helical direction. In particular, 

the Circular Dichroism (CD) intensities of the self-assembled R-1 and R-2 complexes with Co2+ were 900–

1500-fold amplified compared to those of free R-1 and R-2. The Gibbs free energy of the self-assembled 

complexes with different geometries were also calculated by temperature-dependent CD observation; the 

square pyramidal structure of the self-assembled R-1 complex with Co2+ was more stable than the self-

assembled R-2 complex with Co2+. 
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Triethylammonium-bearing cyanostilbene-based fluorescent probe for 

the detection of hydroxyl radicals 
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Reactive oxygen species (ROS) is generated by photochemical reactions, enzymatic reactions in the body, 

and has a critical effect on cells. ROS attacks irreversibly and nonselectively the biopolymers in cells, 

causing oxidative damage and inducing apoptosis in cells. It is also known to cause various diseases such 

as cancer, immune diseases, degenerative brain diseases, and pakinson's disease. Typical reactive oxygen 

species are hydrogen peroxide (H2O2), superoxide ion (O2-), and hydroxyl radical (OH). Among them, it 

is known that the activity of hydroxyl radical is the highest, which is a great risk.Thus, we synthesized the 

novel fluorescent probe L1 for detection of hydroxyl radicals. we designed molecules in which the electron 

donor was placed at the phenyl moiety of cyanostilbene. Consequently the fluorescence of the dye should 

be efficiently quenched. Reaction with hydroxyl radical should cause cleavage of the ether moiety, which 

is highly fluorescent in an aqueous environment.The reactivity of L1 in the presence of various ROS (O2-, 

H2O2, ClO-, GSH, TBHP, NO, OH) were confirmed in sodium phosphate buffer. Fluorescence intensity 

increased selectively in presence of hydroxyl radicals, On the other hand, fluorescence intensity did not 

increase when other ROS was present. We will further study the properties of L1 and its in vivo properties 

for hydroxyl radicals 
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Temperature and time dependent control of meso-porosity in metal-

organic frameworks 
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Non-interpenetrated three-dimensional metal-organic framework (MOF) with hms topology is converted 

to doubly interpenetrated analogues with hms-c topology by thermal treatment. Depending on thermal 

treatment condition and the property of the neutral pillaring linker, the defects of the MOFs can be 

potentially controlled. Combination of non-stoichiometric removal of neutral pillaring linkers from MOFs 

and partial collapse of two-dimensional sheets could lead to new hierarchically porous interpenetrated 

MOFs that contain both micro- and mesopores simultaneously. 
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Direct CO2 Addition to a Ni(0)-CO Species Allows the Selective 
Generation of a Nickel(II) Carboxylate with Expulsion of CO 

 

Dipankar Sahoo, Yunho Lee* 
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Pincer-type ligands are believed to be robust scaffolds that can support numerous functionalities as well as 

highly reactive metal motifs applied in organometallic chemistry. Carbon dioxide functionalization  

mediated by transition metal complexes has been widely explored in recent years to utilize CO2 as a 

synthetic C1 source. Recent advances in organometallic chemistry and catalysis provide effective means 

for the chemical transformation of CO2 and its incorporation into synthetic organic molecules under mild  

conditions. Research in the field of catalytic reduction of carbon dioxide to a product such as formate, 

carbon monoxide, methanol or methane has grown rapidly in the past few decades. In order to exploit the 

insights from the biological CODH chemistry, we investigated the CO2 conversion chemistry at a single 

nickel center. Due to flexible nature of the PNP pincer ligand, the CO2 reaction of a nickel(0) species 

{Na}{(PNP)Ni(CO)} shows multiple product formation including a tetrameric cluster complex, which is a 

major problem of such ligand limiting its further applications. In order to block this undesired pathway, the 

PNP system was structurally rigidified to give the acriPNP ligand shows a planar structure with the small 

torsional angle between two aryl rings. A nickel(0)-CO complex with acriPNP ligand reveals selective CO2  

addition to yield its nickel(II) carboxylate species with the expulsion of CO. By the successful isolation of 

the key intermediates, such as (acriPNP)Ni-μ-CO2-Na, (acriPNP)Ni-COOH-κC and {(acriPNP)Ni(CO)}+,0 ,–  

with their full characterizations, we finally discuss a closed synthetic cycle for the CO2 reduction to CO at 

a single nickel center. 

 

Reference: 

“Direct CO2 Addition to a Ni(0)-CO Species Allows the Selective Generation of a Nickel(II) Carboxylate 

with Expulsion of CO” Sahoo, D., Yoo, C. and Lee, Y. J. Am. Chem. Soc. 2018, 140, 2179-2185. 
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Redox-Active PPP Ligand Cooperated with a Cobalt Center through 

P⎯P Bond Formation and Cleavage 
 

Seji Kim, Yunho Lee* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Phosphide containing tridentate pincer systems reveal cooperative reactivity in the presence of the 1st-row 

transition metal. For example, our group recently reported a unique metal⎯ligand cooperation (MLC) of a 

PPP (PPP– = P[2-PiPr2-C6H4]2–) ligand occurring at a single nickel center. By introducing a π-acidic ligand 

such as N2 or CO to a (PPP)nickel(II) complex, a two-electron redox change occurs at the nickel center and 

this reaction is nicely coupled with the transformation of phosphide to phosphinite via P⎯O/S bond 

formation. Thus, the group transfer reaction mediated by two-electron MLC can be established with a 

(PPP)Ni moiety. In order to expand current technology with a PPP system, single-electron MLC reactions 

are currently under investigations. In group 9, 1st-row transition metal, cobalt is our first choice to attain 

such open-shell type reactivity. A (PPP)Co moiety was prepared from the metalation of PPPH with CoBr2  

resulted in a generation of trigonal bipyramidal (PPHP)CoBr2. Deprotonation of a cobalt(II)bromide 

complex with trimethylamine, in fact, induced the formation of a dimeric cobalt(I) bromide complex, 

{(PPP)CoBr}2 with high yield. The resulting dimeric cobalt(I) complex was generated from two 1-electron  

transfer reactions coupled with the formation of a P⎯P bond of the two central phosphide moieties. This 

P⎯P bond can be cleaved by a reduction of dinuclear cobalt(I) complex generating a central phosphide 

bridged cobalt(I) complex {(PPP)Co}2. Thus, the P⎯P bond formation and cleavage show a redox active 

character of the PPP ligand system cooperated with cobalt center. The details of one-electron redox-active 

processes of a (PPP)Co species through reversible P⎯P formation and cleavage will be presented.  

 

Scheme 1.  
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1-Electron Transfer on a (PPP)Ni Scaffold via unprecedented Metal-

Ligand Cooperation 
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Metal-ligand cooperation (MLC) continues to attract attention as a novel synthetic methodology to expand 

the role of transition metals in organometallic reactions. The ligand in MLC delivers necessary electron, 

proton and/or a functional group to assist metal during the chemical reactions. Although various phosphine 

ligands have been widely utilized in organometallic chemistry, examples of “non-innocent” phosphine 

ligand are relatively rare. Recently, our group reported a new type of metal-ligand cooperation with an 

anionic PPP ligand (PPP– = –P[2-PiPr2-C6H4]2). The reversible phosphide/phosphinite interconversion of a 

PPP ligand coupled with a 2-electron redox change of nickel (II and 0) was observed in this system.Recently 

a reversible 1-electron redox process of a PPP ligand coupled with P-P bond formation was studied. 

Divalent nickel amide species with two different amido groups (-NHMes and –NTol2) were prepared to 

study reversible formation of P-N and P-P bonds at a nickel center supported by a PPP ligand. While the 

formation of a P-N bond was successfully accomplished by addition of CO(g) to the solution of (PPP)Ni-

NTol2 (Figure 1, left), the formation of a dimeric nickel(0) species, {(PPP)NiCO}2 was observed from the 

reaction of (PPP)Ni(NHMes) with CO(g) (Figure 1, right). The P-P bond formation was suggested as a 

radical pathway according to initial mechanistic studies. Activation of P-N and P-P bonds by using various 

reagents such as H2 will be discussed. 

 

Figure 1. Crystral structure of (PPNTol2P)Ni(CO) (left) and {(PPP)NiCO}2 (right) 
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Ab Initio and DFT Investigation of Alterations of the Singlet–Triplet 
Gap in Z-NS and Z-SN Isomers (Z= H, F, Cl, Br, CH3, CF3, H2N, F2N, 

and H2P) 
 

Heehyun Baek, Joonghan Kim* 

 
Department of Chemistry, The Catholic University of Korea, Korea 

  

High-level ab initio calculations such as the coupled-cluster singles and doubles with perturbative triples 

(CCSD(T)) were performed to elucidate that the triplet state of F2PNS is the global minimum among the 

isomers. In addition, CCSD(T) and density functional theory calculations were performed to obtain the 

energy gaps between singlet and triplet states of Z-NS and Z-SN isomers (Z= H, F, Cl, Br, CH3, CF3, H2N, 

F2N, and H2P). We clarified the magnitude of the energy gap between singlet and triplet states of Z-NS and 

Z-SN isomers via molecular orbital analysis. 
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Facile Synthesis of Co3O4 Nano Particles with Various Morphology 

Using Hydrothermal Method and Their Optical Properties 
 

Minkyoung Kim, Chang Woo Kim1,* 

 
Graphic Art Information Engineering, Pukyong National University, Korea 

1Graphic Arts Information Engineering, Pukyong National University, Korea 

  

Morphology control have been significantly highlighted in the field of catalysis because each facet of 

crystalline particle exhibits unique properties. Even Co3O4 particles with spinel crystal structure have been 

attracted for promising candidate in the field of battery, catalyst and magnet, there search on morphology 

of Co3O4 particle shape been rarely reported. In this work, we report facile synthesis of Co3O4 particles 

with various morphologies. Co3O4 particles was simply synthesized via hydrothermal process using cobalt 

precursor, NaOH, polyvinylpyrrolidone and solvent. Morphologies of each samples were controlled with  

concentration of polyvinylpyrrolidone and solvent. Also, we experimented to obtain a various shape of 

Co3O4 particles by tuning reaction time. As a preliminary research, we report various shape of Co3O4 and 

characterize the products by scanning electron microscope, transmission electron microscope and UV-Vis  

spectroscopy. 
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Global organization of a binding site network gives insight into 

evolution and structure-function relationships of proteins 
 

Juyong Lee 

 
Department of Chemistry, Kangwon National University, Korea 

  

The global organization of protein binding sites is analyzed by constructing a weighted network of binding 

sites based on their structural similarities and detecting communities of structurally similar binding sites 

based on the minimum description length principle. The analysis reveals that there are two central binding 

site communities that play the roles of the network hubs of smaller peripheral communities. The sizes of 

communities follow a power-law distribution, which indicates that the binding sites included in larger 

communities may be older and have been evolutionary structural scaffolds of more recent ones. Structurally 

similar binding sites in the same community bind to diverse ligands promiscuously and they are also 

embedded in diverse domain structures. Understanding the general principles of binding site interplay will 

pave the way for improved drug design and protein design. 
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Synthesis of Cu@Ag core-shell structure with various shape of Ag shell 

 

Dong Hyun Kim, Chang Woo Kim* 

 
Graphic Arts Information Engineering, Pukyong National University, Korea 

  

Meal, Cu and Ag have been widely used in the conductive paste field because of their high electrical 

conductivity. Cu has economical and outstanding electrical conductivity, but show low oxidation stability. 

So, we report core-shell structure using metal with good oxidation stability. Ag is not economical because 

of its high cost, but it has good electrical conductivity and high oxidation stability. Cu core-Ag shell 

nanoparticles were prepared using a two-step polyol process. First, spherical copper seeds with size of about 

100 nm were produced by polyol process. Second, various shapes of Ag shells prepared by 

polyvinylpyrrolidone concentration control were coated on Cu seed surface. UV–vis spectroscopy, 

scanning electron microscopy and transmission electron microscopy were used to characterize the resulting 

core-shell nanoparticles. This Cu@Ag structures will be used for conductive paste. 
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Application of the extended Grunwald-Winstein equation to attack at 
Phosphorus: Solvolyses of Phenyl 4-methylphenoxy Thiophosphinyl 

Chloride 
 

HAN JOONG KOH 

 
General Science Education, Jeonju National University of Education, Korea 

  

Application of the extended Grunwald-Winstein equation to the solvolyses of phenyl 4-methylphenoxy  

thiophosphinyl chloride (1) led to 1.08±0.08 for l, 0.53±0.03 for m, and 0.19 for c; the R value was 0.958. 

The l and m values for the solvolysis of 1 were compared with recently reported results for the specific 

rates of solvolysis of diphenyl thiophosphorochloridate, diphenyl phosphorochloridate, and 

diphenylphosphinyl chloride. The l value of 1.08 and the m value of 0.53 for the solvolysis of 1 were 

consistent with the reported works which indicates a SN2 mechanism involving an attack by the solvent at 

phosphorus of 1. 
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Synthesis of various nano structures of Ag/Cu alloy by polyol method 

 

Seong Min Heo, Chang Woo Kim* 

 
Graphic Arts Information Engineering, Pukyong National University, Korea 

  

The 200 nm Ag/Cu alloy was relatively easily obtained by the polyol method. Ag-Cu alloy nano structures 

were prepared by mixture of silver nitrate(AgNO3) and copper acetate hydrate(Cu(OAc)2ㆍ xH2O) with  

poly(vinyl pyrrolidone) and poly(vinyl alcohol) in ethylene glycol. In this experiment, the Ag-Cu alloy was 

grown at 180 ℃ with different reaction times. The composition of poly(vinyl pyrrolidone) and poly(vinyl 

alcohol) used as a stabilizer was changed and various alloys of different shapes and sizes were introduced. 

The form of the alloys were made of nanorod or nanowire due to crosslinking as the concentration of 

poly(vinyl alcohol) used as capping agent is higher. The size of nanoparticles was measured by SEM and 

TEM, and their optical characteristics were analyzed by UV-Vis spectra. 
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Ligand Screening Methodology Development Based on Protein 

Supramolecular Complex and NMR Metabolomics 
 

Yoonjin Um, Young Kee Chae* 

 
Department of Chemistry, Sejong University, Korea 

  

We are developing a novel approach to finding weak binders to a target protein by employing a 

supramolecular complex and NMR-based metabolomics. Our approach depends on a very fast exchange 

between free and bound state of the ligand. We can make the target protein look very large by forcing them 

to form aggregation or a supramolecular complex by adjusting the temperature or NaCl concentration. We 

also borrowed the concept of metabolomics which dealt with a mixture of many compounds. That is, instead 

of trying different compounds to the target protein one by one, we use a mixture of many compounds and 

look for a binder once and for all. To prove the feasibility of our concept, we used the maltose binding 

protein and glutathione S-transferase. We fused those two proteins to a polypeptide that could reversibly 

aggregate by elevating temperature. We also prepared C-13 labeled metabolites by growing E. coli or yeast 

in a minimal media supplemented with C-13 glucose. Our preliminary data shows that glucose or sucrose 

(MBP) and glycine, cysteine, or glutamic acid (GST) can be detected by this screening system. We hope 

this new method will facilitate the finding of lead compounds without relying on a large chemical library. . 

This work has been supported by Science Research Program through the National Research Foundation of 

Korea (NRF) funded by the Ministry of Education (NRF-2017R1D1A1A02017545). 
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Synthesis and characterization of carbon-coated Gd2O3 nanoparticles 

 

HUAN YUE, Gang Ho Lee* 

 
Department of Chemistry, Kyungpook National University, Korea 

  

In this study, the non-toxic carbon coated ultrasmall gadolinium oxide nanoparticles(C@Gd2O3) were 

prepared through a simple one-pot synthesis method in a solution by using carbohydrate for carbon coating. 

The carbon coated ultrasmall GNPs to enhance biocompatibility and water solubility. Furthermore, the 

C@Gd2O3 have a core-shell structure. The resultant products can be used as T1 MRI contrast agent. Under 

the irradiation of UV light at 365 nm, the carbon nanoparticles show green fluorescence. Therefore, 

C@Gd2O3 can be used for fluorescent imaging in addition to T1 MRI. 
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Various sizes of polyacrylic acid (PAA) coating ultrasmall Gd2O3 

nanoparticles and the effect on the water proton relaxivities of 
different ligand 

 

Xu Miao, Gang Ho Lee* 

 
Department of Chemistry, Kyungpook National University, China 

  

Highly water soluble and biocompatible nanoparticles with low toxicity and diversification of imaging  

modality are widely used in biomedical application. To make stable nanoparticles with less toxicity, it is 

necessary to coat nanoparticles with hydrophilic and bio-compatible ligands. Here, we synthesized 

ultrasmall Gd2O3 nanoparticles coated with polyacrylic acids (PAAs) of different molecular weights. The 

PAA-size-dependent relaxometric properties of the thus obtained composites were investigated. They are 

characterized with FT-IR, XRD, TGA, TEM, Toxicity test, and MRI instrument. In this study it is shown 

that all samples with good biocompatibility and the r1 and r1 values decreased with increasing PAA size. 

The magnetic property and their potential as T1 MRI contrast agent. 
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Ultrasmall Gadolinium Oxides Nanoparticles as Multifunctional 
Agent: MRI, Tumor Detection and Gadolinium Neutron Capture 

Therapy 
 

Son-Long Ho, Gang Ho Lee* 

 
Department of Chemistry, Kyungpook National University, Korea 

  

Magnetic resonance imaging (MRI) is widely used as noninvasively diagnostic tool because MRI has high 

spatial resolution and high sensitivity. Besides, MRI could combine with a therapeutic agent, in which one 

compound is able for both diagnosis and therapy of diseases. From that perspective, gadolinium 

nanoparticles have great potential to work as theragnostic agents. First of all, gadolinium ion (Gd(III)) has 

seven unpaired 4f (8S7/2)electrons , which give large electron magnetic moment, and besides, Gd(III) also 

induce efficiently the longitudinal relaxation of water protons, making Gd(III) ion the most suitable T1 

MRI contrast agent. Another point should be taken into consideration is that gadolinium has high thermal 

neutron capture cross-section, for example 157Gd isotope has s value of 254000 barnes, that is 60 times  

larger than the value of 10B, a commonly used agent for boron neutron capture therapy (BNCT). Therefore, 

gadolinium nanoparticles are promising candidates for neutron capture therapy of tumors.Herein , 

poly(acrylic acid)-rhodamine coated gadolinium oxide nanoparticles were synthesized and used as MRI, 

tumor detection agent and in vitro gadolinium neutron capture therapy agent (GdNCT) of human 

glioblastoma astrocytoma (U87MG) cells. 
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Poly acrylic acid (PAA ~1800) Coated Lanthanide oxide Nanoparticles 

for Magnetic Resonance Imaging Contrast Agent 
 

SHANTI MARASINI, Gang Ho Lee* 

 
Department of Chemistry, Kyungpook National University, Nepal 

  

Multifunctional water soluble polymer as a coating ligand has played a crucial role in synthesis of magnetic 

nanoparticles. These polymers render magnetic nanoparticles more stable, water soluble and uniform which 

makes it easier for post synthesis modification and functionalization for bio-applications. Here, we 

synthesized ultrasmall Dysprosium oxide and Holmium oxide nanoparticles coated with water soluble and 

biocompatible poly acrylic acid using polyol method. Nanoparticles were characterized by measuring their 

particle diameter, hydrodynamic diameter, surface coating, r1 and r2 values, map images, and in vitro 

cellular toxicity using different characterization techniques. In this study, the magnetic property and their 

potential as T2 MRI contrast agent has been studied. 
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Polyacrilic acid coated bismuth oxide nanoparticle for computed 

tomography contrast agent 
 

Adibehalsadat Ghazanfari, Gang Ho Lee* 

 
Department of Chemistry, Kyungpook National University, Iran 

  

Contrast agents are often used in medical imaging and more specially in x-ray based imaging techniques to 

enhance image contrast, therefore improve quality of diagnosis..In this work, we synthesized water soluble 

and biocompatible polyacrilic acid coated bismuth oxide nanoparticles as a CT contrast agent.Their average 

particles diameter were 1.33±0.1 nm for polyacrilic acid coated Bismuth oxide nanoparticle.The 

morphology, crystal structure, surface coating and amount of surface coating was confirmed by using 

HRTEM , XRD, FTIR and TGA respectively.These findings indicate that the nanoparticles reported in this 

study may be promising CT contrast agents. 
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Mechanistic Study for Photochemical Oxidation of Thin Layered 

Chromium Thiophosphate (CrPS4) 
 

Suhyeon Kim, Sunmin Ryu* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Two-dimensional (2D) semiconductors represented by transition metal dichalcogenides have optical 

bandgaps in the visible or near IR-range. Because of their thickness-dependent bandgaps and strong 

absorption, they stand as a promising candidate for optoelectronic devices. Despite this potential, however, 

photooxidations of 2D semiconductors are not well understood or controversial in their mechanistic details. 

In this work, we investigated photoreaction mechanisms of atomically thin chromium thiophosphate 

(CrPS4), an antiferromagnetic semiconductor, using Raman and photoluminescence spectroscopy. Few-

layer CrPS4 underwent photodegradation which accelerated with increasing molar fraction of O2. 

Topographic analysis by atomic force microscopy showed that 2D CrPS4 is highly susceptible to the 

photooxidation even at ~2 % of the laser power density required for 2D MoS2. This observation suggested 

that a novel photooxidation mechanism may be operative for CrPS4 other than the photothermal mechanis m 

for 2D MoS2. Indeed, the early-time reaction rate of 2D CrPS4 was linearly proportional to the photon 

exposure, but exhibited negligible dependence on the power density. Based on these results, we propose a 

one-photon photochemical process that is mediated by CrPS4-sensitized generation of singlet O2 and will 

present preliminary results to support it. Additionally, protection of CrPS4 layers with thin Al2O3 films  

will be discussed. 
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Raman Spectroscopy Methods That Avoid Luminescence Background 

for Graphene on Copper Foil 
 

Jieun Choi, Sunmin Ryu* 

 
Department of Chemistry, POSTECH(Pohang University of Science and Technology), Korea 

  

Raman spectroscopy has been a versatile tool to characterize various material properties of graphene such 

as structural defects, thickness, stacking, strain and charge density. However, it still remains a challenge to 

apply the optical method to graphene supported on luminescing substrates including copper, the most 

popular catalyst for chemical vapor deposition (CVD). In this work, we investigated as-grown graphene on 

Cu foil to develop optical methods that retrieve quality Raman signals in the presence of overwhelmingly  

strong luminescence background. In one approach, we varied excitation in the range of 1.58 ~ 2.71 eV to 

avoid spectral overlap between Raman and luminescence signals. Secondly, we introduced a polarization 

difference technique that utilizes arithmetic subtraction between two polarized Raman signals parallel and 

perpendicular to incident light. Depolarized luminescence signal can be greatly reduced with respect to 

Raman signals of polarized modes. Since the polarization difference method works best in a shot-noise-

limited regime, we systematically characterized major types of noises such as shot noise, read-out noise 

and fixed-structure noise present in our Raman spectroscopy system using Rhodamine 6G dye solution. 

The proposed method will be an efficient and reliable optical tool to characterize material properties of as-

grown CVD graphene without a transfer process. 
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Calculating Aggregation Free Energy of between Carbon Dots (CDs) 

with Lithium Ions for Lithium Ion Battery 
 

Yunjae Park, Rakwoo Chang* 

 
Department of Chemistry, Kwangwoon University, Korea 

  

Lithium hexafluorophosphate (LiPF6) used as a Li+ donor in Lithium ion batteries suffers from serious 

stability problems.[1-3] Hence, there have been much interest in replacing it with more stable materials . 

Recently, researchers have found carbon dots (CDs), nano-meter sized graphene oxide molecules, can be 

the candidate for their high stability and high Li+ capacity. In this study, we have built up CD models with  

various numbers of functional groups such as –OH and –COOH and investigated their binding affinity with 

the Li+ ions using molecular dynamics simulations. We have found the carboxyl group is mainly  

responsible for the strong affinity with Li+ ions. We have also found that both CDs and LiPF6 are 

aggregated with lithium ions to become bridges. So, we have calculated the aggregation free energy of both 

CDs and LiPF6 independently with lithium ions using umbrella sampling methods for comparing efficiency. 

[1] I. Geoffroy et. al. J. Power Sources 2002, 11, 192-198.[2] C. Zhao et. al. J. Material Chemistry A 2013, 

00, 1-3.[3] J. Zhang et. al. J. Power Sources, 2013, 241, 619-626. 
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The cause of the efficiency difference due to the difference of P3HT / 

PC61BM / PC71BM composition of organic photovoltaics (OPV) 
 

JIHYE NA, Rakwoo Chang* 

 
Department of Chemistry, Kwangwoon University, Korea 

  

It has been found that the efficiency of organic solar cells depends on the type and number of active layers. 

But for whatever reason, it's not known yet. So, since poly(3-hexyl-thiophene) (P3HT), phenyl-C61-butyric 

acid methyl ester (PC61BM) and [6,6]-phenyl C71 butyric acid methyl ester (PC71BM) are used together 

with chlorobenzene (CB) as a solvent as the constituent material of the active layer, P3HT is used as a 

donor and PC61BM and PC71BM as and acceptor. And we made two binary systems (P3HT, PC61BM / 

P3HT, PC71BM) and one ternary system (P3HT, PC61BM, PC71BM) using coarse-grain molecular dynamic 

simulation. We also observed how the morphology of the systems changed and also for what reason the 

difference in efficiency occurred. Two types of systems were tested with the solvent (CB). One is to remove 

the solvent all at once, and the other is to remove by 10 % in 100 ns. As a result of the study, it was found 

that the morphology is collapsed less in the Ternary system than the binary systems because the z axis  

length of the simulation box is short. And we found that the PC71BM molecules of the system consisting of 

P3HT and PC71BM among the binary systems had the strongest attraction among the PC71BM molecules 

and fast aggregation. 
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Cesium Adsorption on Illite Surface: Molecular Dynamic Simulation 

 

Woohyeon Baek 

 
Department of Chemistry, Kyungpook National University, Korea 

  

The after treatment of contaminated water with radiogenic isotope is one of environmentally important  

problems in worldwide. The micaceous aluminosilicate minerals is one of effective materials that 

manipulates the mobility of radiogenic cations in hydrosphere system because of distinctive structure. The 

general structure consists of one layer of octahedron alumina between two layers of 6-membered  

tetrahedron silica ring which act as framework and cations inserted in center of 6-membered ring for charge 

balance. Among these minerals, illite has a high preference of cesium uptake despite low cation exchange 

capacity (CEC). This characteristic induces selective adsorption of cesium against competitive 

cations.From previous spectroscopic investigations including 133Cs Magic Angle Spin Nuclear Magnetic 

Resonance (MAS-NMR), broad and narrow peaks which indicates outer-sphere and inner-sphere complex 

each. From width of two split peaks, however, uptake ratio of cesium becomes lower when competitive 

alkali cations coexist in certain ratio. These results show that population and physicochemical properties of 

competitive cations would affect the preference of adsorption in water solution.In this study, Molecular 

Dynamic (MD) simulation were performed to study features and preference of cesium adsorption against 

the other alkali cation (Li, Na, K, Rb) on illite surface using LAMMPS package and CLAYFF. The 

simulation shows that the cesium uptake becomes more selective if the ratio of cesium is more than 0.8 and 

splits in series of Li, Rb, Na, K under 0.5. Features of cation population also presents that potassium ion 

disturbs adsorption of cesium. From these results, hydration state of cation, structure and charge balance 

would be key effects in adsorption system. 
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Site-Directed Binding Thermodynamics Analysis of pKID-KIX 

Complex 
 

Song-Ho Chong, Sihyun Ham* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

Uncovering the molecular details of interactions between intrinsically disordered proteins and their partners 

is crucial to understand and eventually modify their function in gene regulation and signal transduction. 

Site-directed mutation is a common technique both in experimental and computational studies for 

identifying hot spots in protein-protein interactions, but its application sometimes causes undesired 

significant alternations in protein structures. Here, we apply the site-directed thermodynamic analysis 

method - a computational approach that does not call for introducing any mutations - to investigate in situ 

interactions between the disordered pKID region (residues 116-149) of CREB protein and the KIX domain  

(residues 586-672) of CREB binding protein. We find that interactions between hydrophobic residues that 

belong to the alpha_B helix of pKID and the alpha_3 helix of KIX play a dominant role in determining the 

binding affinity. In particular, Ile-137 and Tyr-134 are found to be the most and the second most significant 

residues, respectively, in pKID, and Tyr-658 and Ala-654 are the corresponding residues in KIX, which is 

in accord with the experimental observation. We also show that positively charged residues in the alpha_A 

helix of pKID and negatively charged residues in the alpha_3 helix of KIX provide weak but specific 

interactions between pKID and KIX. The difference in strength of the two types of interactions explains  

the experimentally observed sequence of events in which the alpha_B helix of pKID binds first to KIX 

followed by the binding of the alpha_A helix. 
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Assignment for a Reaction Coordinate of Excited-State intramolecular 

Proton Transfer in HBQ 
 

Wooseok Heo, Taiha Joo* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Assignment of reaction coordinate has been a subject of extensive investigations. Here we report excited-

state intramolecular proton transfer dynamics of 10-hydroxybenzo[h]quinolone (HBQ) in solution by time-

resolved fluorescence (TF) and ab initio calculation. The excited-state intramolecular proton transfer 

(ESIPT) is prototype of excited-state reaction. HBQ is one of the most prominent ESIPT system via a pre-

existing six-membered ring hydrogen bond configuration, and its rate is exceedingly fast (~20 fs). Highly  

time-resolved fluorescence measurement allows acquisition of accurate reaction kinetics. Upon 

photoexcitation of 10-aminobenzo[h]quinolone (ABQ) and its derivatives, the proton is transferred in 

different reaction depending on capability of an electron withdrawing group attached to a proton donor. 

Coherent wave packet motions of the product (tautomer) enable acquisition of the vibrational spectra of 

excited-state via TF (VETF). Comparison of the VETFs of the product and calculation of the Huang-Rhys 

factors (vibrational reorganization energy) identifies the vibrational mode that actively participate the 

coherent proton transfer. In particular, the 393 cm-1 vibrational mode, which consists of deformation and 

bending motion of backbone, promotes the ESIPT by transferring the proton donor and acceptor. 
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Investigation of Photophysical Properties of RFPs for Enhanced 

Performance 
 

So Hyeong Sohn, Taecheon Lyu, Ralph Jimenez1,*, Taiha Joo* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

1Department of Chemistry & Biochemistry, University of Colorado, United States 

  

Fluorescent protein (FP) has been spotlighted in the molecular biology due to its advantages such as non-

toxicity, and high quantum yield for protein tags, reporters of gene expression, and cell lineage tracers. 

Although the study of green FP (GFP) was intensively achieved since it was discovered from jellyfish in 

advance of other FPs, hemoglobin and myoglobin strongly absorb  
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anaylsis of fluorescence characteristics of biological and other material 

particles in the deeep UV 
 

young-jin koh, Eugene Chong* 
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Because various paricles present in atmosphere have many effects on humans, it is essential to detect 

particles. Particle detection techniques include laser induced fluorescence that gathers biological and 

various particles in the atmosphere and meaures the scattering and fluorescence in them. Since organic 

particles in the air can then meet with ozone to emit flourescence at 300-800 nm and the fluorescent 

characteristics of particles dependingon the laser wavelength, it is important to select laser wavelength. In 

this study, we measured the fluorescence of the various particle in deep UV and anlyzed their characteristics. 

These results show that the possibility of classification of particles using deep UV laser. 
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TOF SIMS analysis of Au nanoparticles on Si wafer: the effect of the 

pre-annealing, and the gas cluster ion beam sputtering conditions 
 

IL HEE KIM, Chang Min Choi1,*, Young Dok Kim* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

1Korea Basic Science Institute, Korea 

  

In this work, sputtering and analysis of gold nanoparticle deposited on Si wafer with APTES (3-

aminopropyltryethoxysilane) was conducted by using TOF SIMS (time-of-flight secondary ion mass 

spectrometer) with Bi3+ cluster as a primary ion and Ar1000+ for surface etching. The samples were annealed 

at 100, and 300 oC before the TOF SIMS analysis, and the effect of annealing on the metal-support 

interaction was studied. Substantial difference in the SIMS spectra combined with 30 cycle of depth 

profiling were observed: for sample which was not annealed, bare Au cluster cations, and Si+ were observed, 

whereas for annealed samples, additional AuSi+ cluster was observed. This result can be interpreted in terms 

of Au-silicide was formed upon pre-annealing process. We suggest that SIMS experiments using cluster 

ions such as Bi3+ can not only be used for surface elemental analyses, but also provide information on local 

chemical environments of elements on the surface, and the interaction between the elements which is an 

important information in heterogeneous catalysis. We also highlight that with soft condition of depth 

profiling analysis, the chemical environment and the interaction between elements on the surface can be 

analyzed and understood without significant distortion of the original structures. 
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Free energy level correction using Monte Carlo resampling approach 
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Free energy calculations may provide vital information for studying various chemical and biological 

processes. Quantum mechanical methods are required to accurately describe the phenomena, but it is often 

too demanding for configurational sampling. As a remedy, level correction schemes that allow high level 

free energies to be calculated from configuration samples from lower level simulations have been developed. 

Here, we present two correction schemes, weighted histogram analysis method (WHAM) based dual level 

correction and Monte Carlo (MC) resampling with WHAM. We applied these two schemes for handling a 

simple toy model and for characterizing torsional dynamics of alanine dipeptide. The simple model showed 

that two approaches display potential of mean forces (PMFs) that converge to the exact one when an enough 

number of configurations were sampled. With a reduced sampling size, surface irregularities developed as 

expected and MC resampled WHAM displayed smoother morphology. Similar features were observed with 

the simulation of alanine dipeptide. From the MC resampled WHAM, we introduced a heuristic criteria for 

deciding the degree of additional smoothing on the free energy surface. 
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TOF-SIMS of OLED materials with 20 keV Ar gas cluster ion beam 

projectiles 
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For efficient analysis of various organic samples by the Ar gas cluster ion beam (Ar-GCIB), we investigated 

the parameters of GCIB such as optimal cluster size, ion beam current and so on using commercial TOF-

SIMS. In this study, OLED materials were used for analysis, such as Alq3, HAT-CN, TAPC, and TPBi. 

Analysis of OLED samples was performed using TOF-SIMS V mass spectrometer (ION-TOF GmbH, 

Münster, German). We used 20 keV Arn-GCIB and adjusted the Ar cluster size from 800 to 2400 at 200 

intervals to find the appropriate analysis conditions. Different mass spectra of secondary ions generated 

from OLED samples were obtained. With the variation of control parameters of the GCIB, the ratio of 

secondary ion intensity between parent and fragment ions has been investigated by TOF-SIMS. In case of 

Alq3, HAT-CN, and TPBi, the fragmentation ratio decrease as a Ar cluster size increase. However, in case 

of TAPC, the fragmentation ratio increase. To understand this result, the CID (collision induced 

dissociation) analysis with 15T FT-ICR MS was performed to observe the fragmentation pattern of OLED 

materials. The fragmentaton pattern shows a dependence of collisional energy. We will present the 

characteristics of GCIB analysis at the OLED samples. 
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Remote chemical detection measured simulant gas spectrum depends 

on various background 
 

Hyeon Jeong Kim*, Hyunwoo Nam 
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Chmical agent gas detection is technology than detects and identifies infrared radiant energy changing when 

passing through from background to chemical clouds and thus depends on background. therefore this study 

describes about the spectrum of background(flight, tree, building, vehicle) spectrum and simulant gas 

spectrum was measured. through this result to how background spectrum was influenced to chemical gas 

detection understanding ans get to reliability data. also the simulant gas spectrum and background data can 

be used to optimized to chemical agent gas detection ability and detection algorithm. 
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Plasmonic nanogap of Ag nanoparticle (AgNP, diameter: 80 nm) – phthalazine – Au thin film (AuTF, 

thickness: 10 nm) was illuminated with a light with λex = 632.8 nm and the evolution of the surface-

enhanced Raman spectrum (SERS) is monitored. Appearance of new peaks of 489 cm-1 and 754 cm-1 were 

observed and were attributed to the photoproduct. Based on density-functional theory (DFT) simulation, 

we identify that the photoproduct is the dimers of the phthalazine, generated by the plasmonic hot-electron 

transfer from metallic surfaces to phthalazine. 
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Fabrication and spectroscopic investigation of I2 loaded metal organic 

framework 
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Porous functional materials have attracted considerable attentions both in industrial applications and 

fundamental sciences. Metal-organic frameworks (MOFs), one of the representative classes of the porous 

functional materials, is periodic porous structures consisting of metal nodes and ligands connecting these 

nodes and a promising template as a reservoir for reactive guest molecules and catalyst. However, the 

molecular-level understanding for interactions between guest molecules captured and MOF’s cage has not 

been much studied so far. Zeolitic imidazolate framework-8 (ZIF-8) has been subject to a good model 

system to examine this issues. Recent works reported that ZIF-8 well-captures volatile iodine [1]. ZIF-8 

consists of Zn as single metal node and 2-methylimidazole as linker ligand. Because Iodine forms stable 

charge-transfer complexes with aromatic molecules (2-methylimidazolate in ZIF-8), Iodines are captured 

in sodalite cage of ZIF-8. The binding sites and possible orientations for iodines were crystallographically  

identified. In particular, when iodines are confined in cation-rich template, the formation of polyiodide is 

expected through lattice-directed reaction. In this study, we have investigated the structures and 

photochemical behaviors by means of spectroscopic and crystallographic methods. For measuring lattice-

directed reaction in frameworks, I2 loaded ZIF-8 thin film is fabricated and the structure and loading 

efficiency of iodine are characterized by powder X-ray diffraction and thermogravimetric analysis. The 

lattice-directed reaction dynamics was measured using femtosecond optical transient absorption (TA) 

spectroscopy as well.[1] T. M. Nenoff et al, J. Am. Chem. Soc. 133, 12398-12401 
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A Metal-free Bifunctional Electrocatalysts for OER/ORR in Alkaline 

Media: From Mechanisms to Structure-activity relationship 
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In the recent years, water splitting has attracted substantial interest including key processes oxygen 

evolution reaction (OER) and oxygen reduction reaction (ORR) in renewable energy conversion and 

storage devices such as the cathode of fuel cells, metal-air batteries and supercapacity. Here we designed 

C3N4 and C2N structures doped with heteroatoms, P, S or PS, as outstanding electrocatalysts for following  

key reactions by performing density functional theory (DFT) calculation in alkaline environment, 

considering the possible reaction pathways based on the Eley-Rideal (ER) mechanism as well as the doping 

effects on electrocatalytic activity. In this work, the relative stability of O* and OOH* intermediates was a 

key factor determining the ORR pathway; accordingly, ORR follows a two-step reaction pathway governed 

by O* rather than a four-step reaction pathway governed by OOH*. In addition, we found that P, S co-

doped C3N4 shows superior OER/ORR activity with synergistic geometric and electronic effects, which 

coordinatively increase unsaturated sp3-C via structural deformation and improve electrical conductance by 

modulating the electronic structure with extra electrons from dopants. In particular, PCSC-C3N4 (C3N4 with  

P and S co-doped at the carbon site) and SN-C2N show better bifunctional performance of OER/ORR with  

competitive overpotentials at 0.42 V/0.27 V (PCSC-C3N4) and 0.40 V/0.14 V (SN-C2N), respectively, 

compared to conventional Pt and RuO2 catalysts. 
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Quantitative Analysis of Polybromide and Preparation of Simplified 

Zn-Br Battery System 
 

Joo-Hee Lim, KYUNGMI KIM, Junghyun Chae, Cheol-Woo Yi* 

 
Department of Chemistry, Sungshin University, Korea 

  

The zinc-bromine redox flow battery (RFB) using zinc-bromine redox couple has been received a great 

attention for a large-scale electrical energy storage (EES) system [1]. Even though Zn-Br RFB stores and 

releases a lot of electrical energy, the system is complicated. Moreover, the production of molecular 

bromine during operation of the system causes the self-discharge, corrosion of the system and so on. In 

order to reduce evolution of molecular bromine, various complexing agents have been significantly 

investigated [2, 3]. In this study, we prepared stable chemically complexed polybromide from the reaction 

of molecular bromine and quaternary ammonium bromide as complexing agents. Subsequently, we 

quantitatively analyzed the available bromine in the stable polybromide and prepared a simple 

electrochemical cell to obtain electrical energy from the polybromide in the complexed organic phase. We 

performed Raman spectroscopy to investigate the properties of prepared polybromide and attenuated total 

reflectance (ATR) spectroscopy was carried out with an internal standard to estimate the amount of 

available bromine in polybromide organic phase. The electrochemical cell is prepared without a separator 

and consists of zinc plate, graphite foil, polybromide as anode, cathode, and active material, respectively. 

The discharge capacities of the cell are 200 – 450 mAh/mL with stable polybromide, linearly correlating  

with the amount of available bromine in the polybromide organic phase.[References][1] Wu, M.;Zhao, 

T.;Zhang, R.;Jiang, H.;Wei, L. Energy Technol., 2018, 6, 1.[2] Schneider, M.;Rajarathnam, G. P.;Easton, 

M. E.;Masters, A. F.;Maschmeyer, T.;Vassallo, A. RSC Adv., 2016, 6, 110548.[3] Easton, M. E.;Ward, A. 

J.;Chan, B.;Radom, L.;Masters, A. F.;Maschmeyer, T. Phys. Chem. Chem. Phys., 2016, 18, 7251. 
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Label-free Microscopy Using Vibrational Resonance by Stimulated 

Raman Scattering 
 

Joong Won SHIM, sohee lim, Jong Min Lim, MINHAENG CHO* 
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Bio-molecular imaging has great importance, since it would be most reliable way to understand the 

functions and physiology of cells and the pathophysiology of disease. Monitoring cellular process is 

challenging, for its fast physiological and biochemical dynamics as well as nano-scale spatial dimensions. 

Moreover, the cellular process, being environmentally sensitive, is easily perturbed (or damaged) by 

external stimuli such as fluorescent labels and high energy light field. So far, to observe nano-scale bio-

complexes and its dynamics, many imaging techniques with high spatio-temporal resolution have been 

developed and currently under development.Stimulated Raman scattering (SRS) is one of the leading 

classes of coherent Raman scattering (CRS) technique which uses third-order nonlinear optical property 

intrinsic to molecule.SRS overcomes many of challenges listed above that other vibrational microscopies 

are facing. Higher signal level compared to spontaneous Raman scattering by few orders of magnitude 

permits fast imaging speed, possibly up to video rate for real-time imaging. Unlike coherent anti-Stokes 

Raman scattering (CARS) and infrared (IR) microscope, SRS is free of non-resonant background which 

might distort the spectral information and sub-micron spatial resolution is achieved conducting visible light 

as probe. Our SRS microscope system utilizes femtosecond optical-parametric oscillator (OPO) emitting  

fixed (1040 nm) and tunable (680-1040 nm) light sources which, in our case will be Stokes and pump beams. 

Test images for various samples such as polystyrene (PS) beads and C. Elegans are achieved, which will 

be a guide for future experiments. 
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Infrared photothermal imaging (IPI) 

 

CHANJONG PARK, Jong Min Lim, MINHAENG CHO* 
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There have been various imaging techniques applying infrared (IR) light source for its advantages such as 

chemical selectivity, non-destructiveness, and label-free character. Recently, one of promising imaging  

techniques with IR light source is a photothermal microscope implementing the photothermal effect and 

resulting refractive index change. A mid-IR absorption of specific chemical vibration structure induce a 

temperature increase and refractive index changes in surrounding medium which causes the deflection of 

the probe beam.In our IR photothermal imaging(IPI) set-up, to enhance the spatial resolution, the non-

resonant visible laser source is adopted as a probe. With high NA reflection-type objective that also enables 

dark-field geometry, sub-micrometer lateral spatial resolution is achieved. The spatial resolution and 

sensitivity of IPI microscope is determined by imaging polystyrene beads and measuring the signal 

intensities of ascorbic acid with varying its concentration, respectively. Unlike nonlinear optical processes, 

photothermal imaging can be conducted with relatively weak excitation laser power avoiding severe photo-

damage in bio sample assays. Photothermal contrast images of Caenorhabditis elegans and astrocyte will 

be presented. 
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Colored aesthetic semitransparent Organic Solar Cells using Optical 

Filters as Electrodes 
 

Jieun Son, Youngji Kim, Jerome Hyun* 
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Semitransparent and colorful organic photovoltaic cells (OPVs) are promising candidates for applications 

in self-powered aesthetic windows and Building-integrated photovoltaics (BIPVs). Generally, the colors in 

OPVs have been determined by the absorption characteristics of the active material, requiring one to use 

different active materials to achieve distinct colors. However, such a strategy presents challenges in 

fabrication, costs and implementation as different processes are necessary to produce differently colored 

OPVs. Moreover, the photovoltaic performance varies for differently colored OPVs. Here, we present a 

simple solution by incorporating a transmissive Fabry-Perot-type color filter (CF) as the electrode in an 

OPV employing one type of active material. From this modification, we achieve widely tunable colors with  

high spectral purity, peak transmission efficiencies surpassing 25% at the expense of charge generation that 

is only a fraction of that of an opaque OPV, and uniformity in device performance irrespective of 

transmitted color. Because the CF is spatially removed from the charge generation and transport pathway, 

the optical characteristics are largely separated from the electronic characteristics. This provides one the 

freedom to explore inventive optical designs without having to consider the electronic properties. 

Furthermore, integration of CFs into OPVs ensures the transmitted colors to be bidirectional, and easily 

scalable, providing characteristics suitable for use in aesthetically colorful power generating windows. 
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Dissipative Particle Dynamics 
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In nanocarrier system for efficient delivery, a number of features should be considered. A shape of the 

delivery material is one of the critical key points. Utilizing dissipative particle dynamics(DPD) simulations 

with coarse-grained models, we designed two-dimensional layer nanosheets with defects to self-roll into 

helices or nanotube. A layer consisted of a lyophobic particle with lyophilic tether coil attached at the 

hexagonal point of the layer, and simulation box was filled with theta solvent. Therefore, defected side 

causes anisotropy to the sheet self-transformation into a helix or a helix-like structure spontaneously. 

Structures were analyzed with radius and pitch and its value depends on varying the defect design and 

density. 
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Au(111) Derived from Unsymmetric Adamantyl Alkyl Disulfides 
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Self-assembled monolayers (SAMs) of sulfur-containing organic molecules on metal surfaces are powerful 

tools for modifying the physical and chemical properties of gold surfaces. It can be applied for various 

technological fields, such as corrosion prevention, electronic devices, nanopatterning and biosensors. 

Dialkyl disulfides are one of the most popular molecules for the synthesis of molecular assembly in nano 

and biotechnology due to the ability to control the degree of phase segregation and preferential adsorption. 

We synthesized adamantyl hexyl disulfide (AHDS) and adamantyl decyl disulfide (ADDS) and observed 

the domain structures of these adamantyl alkyl disulfides SAMs on Au(111) including adamantyl group of 

rigid aliphatic 3D carbon cage structure and alkyl group of flexible carbon chain with different chain length. 

In this study, we revealed unique structures of these SAMs on Au(111) which have not been observed in 

each single component SAMs using molecular-scale scanning tunneling microscopy (STM). In the initial 

process of adsorption, there are two types of separated phases with a (8×6)R20° structure and a (7×6)R40° 

structure. As immersion time increases, it changed to inhomogeneous mixed phase. Also, we investigated 

that surface structures of mixed SAMs formed by adsorption of unsymmetric disulfides are different from 

mixed SAMs formed by coadsorption or displacement method. Structural changes of nano-interface 

according to the immersion time of disulfides and temperature condition will be discussed in this 

presentation. 
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Formation and Structure of Aromatic Selenocyanate Self-Assembled 

Monolayers on Au(111) 
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Self-assembled monolayers (SAMs) of aromatic thiol on gold surface have been considerably studied in 

molecular electronics, charge transfer, nanolithograpy, molecular switching and electronic interface. 

Recently, studies on other alternative headgroups have been gained attention due to oxidation problem of 

thiol system which formed dimers or other oxidized compounds during SAM formation. In this study, we 

investigated the SAMs of aromatic selenocyanates [phenylselenocyanate (PhSeCN) and 

benzylselenocyanate (BzSeCN)] on Au(111) using scanning tunneling microscopy (STM) and X-ray  

photoelectron spectroscopy (XPS). STM measurements revealed that deposition method, time and 

temperature affect the formation and structure of PhSeCN and BzSeCN SAMs on Au(111). PhSeCN SAMs 

from vapor deposition had various adatom islands or patches, unlike case of solution deposition method. 

Also, we examined the effect of methylene linker between aromatic ring and SeCN headgroup on the 

formation of SAMs. BzSeCN SAMs formed by solution deposition had larger ordered domains than 

PhSeCN SAMs. XPS result indicates that these selenolate SAMs were formed via cleavage of Se-CN bond 

from RSe-CN. 
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Assembled Monolayers on Au(111) 
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Self-assembled monolayers (SAMs) are organic assemblies spontaneously formed on surfaces by 

adsorption of molecular constituents. The formation and structure of 1-adamantyl isocyanide SAMs on 

Au(111) prepared by solution deposition methods with two different solvents, ethanol and 

dimethylformamide (DMF), have been investigated by scanning tunneling microscopy (STM) and cyclic 

voltammetry (CV). STM imaging revealed that the surface structures of 1-adamantyl isocyanide SAMs 

under ethanolic solution are different from those under DMF solution. Even though both SAMs are prepared 

under same temperature and immersion time, the former showed striped phase with interline distance of 

3.36 ± 0.13 nm, however, the latter showed striped phase with interline distance of 2.49 ± 0.09 nm. CV 

measurements showed that desorption peak of samples prepared from ethanolic solution was observed at 

around -850 mV, whereas that of samples prepared from DMF solution was observed at around -880 mV. 

This result may be due to the difference in packing structure of those SAMs. From these results, we found 

that the formation and 2-D surface structure of 1-adamantyl isocyanide SAMs were strongly influenced by 

solvents. 
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Mechanism of fluorescence enhancement of a ligand-inducible 

fluorescent protein 
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Recently, Yeh et al. reported a series of mutants of UnaG protein, a ligand-activated fluorescent protein in 

which the ligand (bilirubin) binds to the protein through noncovalent interaction. One of the mutants, named 

as eUnaG, has significantly higher fluorescence intensity and thermal stability than the wild type. Another 

mutant, named as V2P, has lower fluorescence intensity. Interestingly, the single mutation site is distant 

from the fluorophore, which renders the mechanism of such fluorescence enhancement or reduction unclear. 

Here, we performed extensive MD simulations for the original UnaG, eUnaG and V2P to find the reason 

of enhanced fluorescence intensity. Based on a relation between a rigidity of chromophore and quantum 

yield, we carried out a detailed analysis from MD trajectories, and found the enhanced rigidity of bilirubin  

in eUnaG. Furthermore, our results revealed a structural change in a wide range throughout the protein 

structure, not only in the vicinity of the mutated site, which leads to the conformational and rotational 

change of bilirubin. Our research is important in an aspect on the noncovalently binding fluorescent protein, 

which has additional rotational degrees of freedom of chromophore and clearly proves the relation between 

the chromophore and overall protein structure. Thus, this can provide a new insight for engineering new 

class of fluorescent protein. 
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Radical Stabilization Energy of Carbon-Centered Radicals in Density 

Functional Theory 
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Radical Stabilization Energy (RSE) is often regarded as a theoretical scale of various radicals’ stability. 

However, self-consistent Density Functional Theory (DFT), which suffers from so-called delocalization  

error, results in inaccurate RSEs of carbon-centered radicals. To cure this tendency, hybrid functionals with 

partial Hartree-Fock (HF) exchange functional are adopted in various studies. For several specific systems, 

Becke’s Half and Half hybrid functional, with 50% of HF exchange portion, has been shown the best 

performance among self-consistent DFT calculations. However, the optimal HF exchange portion for 

accurate energy indeed varies greatly depending on systems of interest. In this work, we considered nine 

commonly employed approximate functionals, SVWN, BP86, PBE, PBE0, BLYP, B3LYP, BHLYP, TPSS, 

TPSSh. We show that DFT energy evaluated on HF density, i.e., HF-DFT, reduces the energy error to the 

chemical accuracy (1 kcal/mol) in comparison to Weizmann-1(W1) theory. Also, based on the error 

decomposition analysis, we show that the most of RSE calculations for carbon-centered radicals are 

abnormal in that the density-driven error is large such that correcting the density greatly improves the 

accuracy of the energy. 
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In photochemical reactions, high-lying excited states are produced by impulsive laser pulse which has 

energy accordance with higher absorption band in molecules. After pulsed photoexcitation into the higher 

excited states, S2 or S3 (at energies of 24096 ~ 26315 cm-1 above the S0 state), the molecules are 

deactivated to a lower excited state via non-radiative process kinetically competitive with fluorescence, but 

most of cases, internal conversion is superior to fluorescence because it takes to tens femtoseconds time 

scale. Thus we have applied time-resolved fluorescence (TRF) spectroscopy with ultrafast time resolution 

to molecular dynamics undergoing internal conversion, vibronic relaxation, and other nonradiative 

transitions. We have also compared the internal conversion rates from two differential electronic states. 
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Ultrafast time-resolved x-ray absorption study of valence tautomerism 

in Co-Dioxolene complexes 
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Valence tautomeric (VT) metal complexes have the magnetic properties of a suitable switchable material 

system. At this point, it is possible to be used as the memory or display devices. The well-known VT system 

is the Co-dioxolene complexes, where the electron transfer take place between cobalt metal and their 

ligands. Specially, Time-Resolved X-ray Absorption Spectroscopy (TR-XAS) is a significant tool to 

investigate molecular dynamics like this system. It also has become possible to observe the transient 

chemical reactions on fundamental timescale. In this study, we investigate the valence tautomerism process 

on two different Co-dioxolene molecules by using TR-XAS. The molecules which we studied are Co(Cat-

N-BQ)(Cat-N-SQ) and Co(tpy)(Cat-N-SQ)PF6, where Cat-N-BQ = 2-(2-hydroxy-3,5-d itert-butylpheny l-

imino)-4,6-d itert-butylcyclohexa-3,5-dienone, Cat-N-SQ is the dianionic radical analogue, and tpy = 2,2′-

6-2″- terpyridine. 10 mM samples are used with 450 um liquid jet system. To modify their 3d valence 

orbital, we take XANES measurement in pre-edge region, and for their structural information, EXAFS 

measurement is performed at Co K-edge at KEK NW 14A beamline. DFT calculation, TD-DFT and FEFF 

simulation are supported to explain our experimental data. After pumped with 500 nm, the excitation  

process between low spin state in ground state and high spin state are associate with ligand to metal charge 

transfer (LMCT) in toluene solution. As a result, in Co(tpy)(Cat-N-SQ)PF6 sample, LMCT is clearly  

modified in XANES region around 260ps lifetime. In EXAFS data, we find that the difference of bond 

distance of Co–N(tpy) and Ru–N(SQ) bonds by 0.3 and 0.09 Å, respectively in high spin metastable state. 
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Synthesis, characterization, and enhanced cancer-imaging application 

of trans-activator of transcription (TAT) peptide-conjugated ultrasmall 
gadolinium oxide nanoparticles 

 

Mohammad Yaseen Ahmad, Gang Ho Lee1,* 

 
Kyungpook National University, India 

1Department of Chemistry, Kyungpook National University, Korea 

  

We prepared gadolinium oxide (Gd2O23) nanoparticles (GNPs) coated with a trans-activator of 

transcription (TAT) peptide with cell-penetrating ability (i.e., TAT-GNPs) through one-pot process. We 

characterized the particle diameter, surface-coating structure, water proton relaxivities, and in vitro cellular 

toxicities of the TAT-GNPs. We measured in vivo T1 magnetic resonance (MR) images in a model nude 

mouse with liver cancer prior and posterior to intravenous administration. The average particle diameter of 

the GNPs was 1.5 nm. The sample solution exhibited a longitudinal water proton relaxivity (r1) of 18.2 s-
1mM-1 (r2/r1 = 1.6, r2= transverse water proton relaxivity), which is 4 - 5 times higher than those of 

commercial Gd-chelates. The in vivo T1 MR images exhibited positively (or T1) enhanced contrasts in the 

mouse liver cancer after intravenous administration, demonstrating that the TAT-GNPs acted as an 

enhanced cancer-imaging agent similar to the cancer-targeting agent in T1 MR imaging (T1 MRI). 
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Rebinding Dynamics of Carbon monoxide with Cytoglobin using Time-

resolved Infrared Spectroscopy 
 

Manho Lim*, JuHyang Shin 

 
Department of Chemistry, Pusan National University, Korea 

  

Femtosecond and nanosecond vibrational spectroscopy was used to probe the rebinding dynamics of CO to 

cytoglobin (Cgb) after photodeligation of the corresponding CO-bound protein in D2O buffer (pD = 7.4) at 

273 K. When excited with a 532-nm photon, carbon monoxide dissociated immediately from cytoglobin (< 

0.2 ps), ground state bleaching of CO bound to the cytoglobin has three conformations (A0, A1 and A3). 

Each conformation shows characteristic 13C−O stretching frequencies. The vibrational spectrum of CO in 

Cgb13CO described three gaussian at 1924.6 cm-1 (A0), 1900.2 cm-1 (A1) and 1884.5 cm-1 (A3) with a full 

width at half-maximum (FWHM) of 16 cm-1, 15.8 cm-1 and 12.5 cm-1. Ligand binding to Cgb is a 

multiphasic process with fast geminate rebinding taking place on the nanosecond timescales and slower 

biomolecular rebinding occurring on microsecond timescales. 
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Constant Potential Simulation on the Graphene Ionic Liquid 

Supercapacitor 
 

Chanwoo Noh, YounJoon Jung* 

 
Department of Chemistry, Seoul National University, Korea 

  

Graphene supercapacitors in the parallel plate configuration are studied via constant potential molecular 

dynamics (MD) simulations. 1-ethyl-3-methylimidazolium thiocyanate (EMI+SCN-) is used as an ionic 

liquid electrolyte. 
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Facile Sonochemical Synthesis of Bulk Black Phosphorus from red 

phosphorus and its Co-catalyst Activity on CdS nanorods for Highly 
Efficient Photocatalytic Hydrogen Production 

 

MADHUSUDANA GOPANNAGARI, PRAVEEN KUMAR DHARANI, Bhavani Palagiri, 
EunHwa Kim, Amaranatha reddy, TaeKyu Kim* 

 
Department of Chemistry, Pusan National University, Korea 

  

Metal-free elemental photocatalysts for H2 evolution are more advantageous than the traditional metal-

based inorganic photocatalysts since the nonmetal elements are generally cheaper, more earth-abundant, 

and environmentally friendly. Black phosphorus (BP) has been attracting increasing attention in recent 

years based on its anisotropic 2D layered structure with tunable bandgap; however, the application of BP 

for photocatalytic H2 evolution has been scarcely reported experimentally although being theoretically 

predicted. Here we synthesized black phosphorus from red phosphorus, which is a safer solid precursor, 

using sonochemistry, and water is the main solvent used in our process. Thus, this method is a low-cost, 

simple and non-toxic route for large-scale solution-based BP. This bulk BP further studied as a high-

efficiency metal free cocatalyst for CdS nanorods. The optimal BP-CdS photocatalyst exhibits a great H2 

production of ~8250 µmol h-1. g-1 using simulated solar light irradiation. The performance of this 

photocatalyst is four times greater than pristine CdS nanorods; moreover, this bulk BP-CdS nanorods 

composite reveal the obvious predominance, such as enhanced photoactivity and photostability of CdS for 

H2 production. This outstanding activity arises from the strong electronic coupling between BP and CdS, 

as well as the favorable band structure, high charge mobility and massive active sites of black phosphorus, 

supported by TEM, X-ray photoelectron spectroscopy, DRS UV-Vis, photoluminescence. The mechanis m 

has been investigated by photoelectrochemical and Mott-Schottky measurements. 
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Deposition of Palladium Nanoparticle on CdS Nanorod by Pulsed 

Laser Ablation in Liquid to Increase Photocatalytic Activity of 
Hydrogen Production 

 

YUJIN KIM, TaeKyu Kim*, Amaranatha reddy, Rory Ma 

 
Department of Chemistry, Pusan National University, Korea 

  

It is important to decrease the recombination rate of photogenerated carriers to improve the semiconductor-

catalyzed solar-driven production of hydrogen. Recently, photocatalysts composed of active sunlight-

harvesting photo-absorbers and stable metal co-catalysts have attracted significant attention. However, the 

size, clean surface, and highly dispersion of the metal co-catalysts are crucial factors affecting catalyst 

performance and reaction rate. Nevertheless, most of the available metal nanocrystals have been 

synthesized by complex procedures using harmful organic templates and stabilizers and high-purity 

compounds with high cost. To overcome these problems, in this study, the pulsed laser ablation in liquid 

approach was utilized to synthesize palladium and bimetallic palladium–platinum nanoparticles with an 

average size and distribution by adjusting the laser wavelength and fluence. A high rate of hydrogen 

evolution of 130.33 mmol g−1h−1 was obtained by using the optimized CdS-PdPt catalyst under simulated  

sunlight irradiation. This value is 51.31 times greater than that with bare CdS nanostructures. Furthermore, 

the amount of hydrogen produced was significantly better than that obtained by using several other noble 

metal co-catalysts deposited on CdS. This proposed strategy is thought to open new avenues for the design 

of advanced photocatalytic materials for efficient solar-driven production of hydrogen. 
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Few Layered Black Phosphorus Wrapped Cu7S4 Skeletal Hallow Cage 

nanohybrid as Effective Solar Light-Driven Photocatalyst for 
Improved H2 Evolution 

 

Bhavani Palagiri, MADHUSUDANA GOPANNAGARI, PRAVEEN KUMAR DHARANI, 
EunHwa Kim, Amaranatha reddy, TaeKyu Kim* 

 
Department of Chemistry, Pusan National University, Korea 

  

Copper-based sulfides are competitive candidates with high efficiency because of their outstanding catalytic 

activity in reducing Sn2− to nS2− connect with the conductive network to insure conductivity, accelerate the 

electrolyte transport, and promote fast charge transport as well as diffusion velocity of the redox couple. 

Thus, we developed the crystallinity-controlled synthesis of nanotwinned polyhedral skeletal type copper 

sulfide cages (Cu7S4) wrapped with most emerging, economic and environmental friendly few layered black 

phosphorus (BP) for photocatalytic hydrogen production. The experimental result show the improved  

hydrogen production i.e., 475 µmol h-1 g-1 for optimal Cu7S4/BP nanohybrid and elucidates a prominent  

photocatalyst. These skeletal hallow cages of Cu7S4/BP system is a new key factor, fascinating and inspiring 

topic for photocatalytic water splitting applications. This resultant semiconductor heterostructure can 

strengthen the interface charge transfer and result in a Z-scheme electron transfer, which can efficiently  

improve photogenerated separation and photocatalytic activity. To date, BP on the skeletal type Cu7S4 

nanocages relevant hydrogen production by catalysis investigation is still unavailable. 
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Photodissociation Dynamics of CF2I2 in Solution 

 

Seongchul Park, Manho Lim* 

 
Department of Chemistry, Pusan National University, Korea 

  

Photodissociation dynamics of CF2I2 dissolved in CCl4 or c-C6H12 was investigated by time-resolved  

infrared spectroscopy. As in the gas phase, 267-nm excitation leads to exclusive three-body decay and 350-

nm to exclusive two-body decay. As a result of these exclusive decay, some reaction intermediates (CF2, 

CF2I, I CF2, iso-CF2I2) and product (C2F4) were detected. Each chemical species shows characteristic 

C−F stretching frequencies: 1098 cm−1 for CF2, 1168 and 1120 cm-1 for CF2I, 1067 cm-1 for CF2 

interacting with departing I atom, 1140 cm-1 for an isomer of the reactant and 1176 cm-1 for product C2F4. 

These frequencies were confirmed by Ar matrix experiment and DFT calculations.1 When excited at 267 

nm, dissociated I atoms from 36-40% of a reacting molecule escape the solvent cage efficiently. CF2I (20%) 

is produced by geminate rebinding (GR) of the interacting I atom and CF2, all the produced CF2I 

geminately rebinds with the remaining I atom, and the remaining CF2 (80%) bimolecularly binds to produce 

C2F4 with a diffusion-limited rate. When excited at 350 nm, as suggested before, CF2 is produced via I2-

CF2 isomer with a time constant of 48 ps that is rapidly formed from CF2I and the dissociated I atom with  

a time constant of 0.5 ps. Formation of I2 atom, which implies the formation of CF2, as fast as 2 ps was 

reported in n-hexane solution1. About 50% of CF2I radical does not form the isomer and geminately rebinds 

with I atom with time constants of 110 - 139 ps (15 - 29 %) and 36 - 41 ns (20 - 34 %). Thus, nascent 

photoproduct after 350-nm excitation, CF2I takes three different reaction paths; isomer formation, fast and 

slow GRs The subsequent reaction path of the nascent photoproduct is dictated by its internal energy as 

well as solvent environments, which leads to different interaction between photoproduct and solvent. The 

photo-produced CF2I appears to interact with solvent in three different ways; one leads to isomer formation , 

the others lead to fast and slow GRs. This observation clearly demonstrates that solvent-solute interaction 

can modify and/or make a new reaction path that is not observed in the gas phase. 
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Accurate prediction of reaction barrier height by analyzing DFT 

errors 
 

Suhwan Song, Eunji Sim* 

 
Department of Chemistry, Yonsei University, Korea 

  

Many systematic errors of semilocal DFT (GGAs and hybrids) are due to errors in the self-consistent 

density, and so can be reduced by using a more accurate density. For anions, radicals in solution, stretched 

bonds, reaction barrier heights, and even transition metal complexes, DFT results are substantially 

improved by using Hartree-Fock densities (called HF-DFT). We revisit the case of reaction barriers, 

showing that while HF-DFT can reduce barrier height errors by a factor of 2 or 3, even for hybrid 

functionals, different classes of barriers behave in different ways. 
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MOF derived cobalt selenide nanocage anchored on CdS nanorods for 

improvement of photocatalytic hydrogen evolution 
 

EunHwa Kim, Amaranatha reddy, MADHUSUDANA GOPANNAGARI, Rory Ma, 
YUJIN KIM, Seunghee Kim1, TaeKyu Kim* 

 
Department of Chemistry, Pusan National University, Korea 

1Pusan National University, Korea 

  

Photocatalytic water splitting by semiconductor nanostructures is a challenging chemical process to 

harnessing abundant solar energy and to get clean hydrogen fuel. To that end, the photocatalyst consist of 

efficient light harvesting semiconductor nanostructures as photo absorbers and noble metal free robust co-

catalysts have gained much attention. Here, we designed a noble metal free nanohybrid consist of CdS 

nanorods as a photo absorbers and CoSe2 derived from nanocages as a co-catalyst. Benefiting from the 

abundant catalytically active sites the designed nanohybrid exhibit remarkable photocatalytic hydrogen 

evolution performance (82.97 mmol∙h–1∙g–1) and prominent recycling stability under solar light irradiation . 

The key role of co-catalyst, catalyst dosage, scavenger concentration and origin of photocatalytic hydrogen 

evolution rate is thoroughly explored. Finally, we expect that the demonstrated new noble metal free 

nanohybrid design strategy may bring novel insights to develop low-price noble metal free photocatalysts 

for H2 production. 
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Raman spectroscopic study on Photodegradation of PTB7-Th 

 

sangjun Kim, Sun Woo Lee, Taewon Ko, kyungwon Kwak*, MINHAENG CHO* 

 
Department of Chemistry, Korea University, Korea 

  

Organic photovoltaic(OPV) is in the spotlight as a component of solar cell because of its lower cost 

fabrication and better processability compared with existing silicon. Materials of OPV have been studied 

to improve power conversion efficiency(PCE) and PTB7-Th polymer is suitable to gain high PCE. However, 

photodegradation of PTB7-Th polymer is one of the significant obstacles in the pursuit of commercializing  

OPV as solar cell component. Since PTB7-Th polymer can be photodegraded, it causes OPV to have lower 

stability in ambient condition. Therefore, it is required to find photodegradation process and its major factor 

impacting photodegradation. In this research, we used home-built Raman spectroscopic setup to study 

photodegradation process of PTB7-Th on a molecular level. DFT calculation was used to find plausible 

photodegradation product. As a result, we conclude that changes in Raman spectrum resulted from 

generation of hydroxyl group(-OH) at BDT unit and S=O bond at TT unit. We went further and suggested 

feasible photodegradation mechanism. This research will be conducive to preventing those generations and 

allow us to gain efficient OPV with high stability. 
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Spectroscopic And Computational Studies To Advanced Electrolytes -

Solvation And Molecular Structure Of LiTFSI In Acetonitrile- 
 

WooTaek Song, kyungwon Kwak* 

 
Department of Chemistry, Korea University, Korea 

  

Acetonitrile(AN) is an attractive material as solvent of the lithium-ion batteries due to two major characters 

– the most oxidative-tolerant organic solvent and high dielectric constant leading to high ionic conductivity. 

Unfortunately extensive applications of AN in batteries have not been found yet due to its poor reductive 

stability. However this problem was completely solved by adopting superconcentrated Lithium 

bis(trifluoromethanesulfonyl)imide (LiTFSI) in AN solution(>4.0M). With the concentration increasing, it 

is known that not only does LUMO of TFSI- ion become lower than that of AN causing to hinder the 

reduction of AN by lithium metal but the solvation structure also has a change. Herein, we mainly  

demonstrate the interaction between lithium ion and acetonitrile, and the solvation structure of TFSI- 

depending on the concentration where FTIR, Raman measurements and DFT calculation are used. It was 

found that there are some changes about Li+ion-AN interaction and the molecular & solvation structure of 

TFSI- ion as the solution gets thicker. 
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Absolute Enantiomeric Excess Determination of Carbon Nanotube 

Ensemble using Symmetry Breaking induced by Flavin 
Mononucleotide 

 

Minsuk Park, Sang-Yong Ju* 
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Single-walled carbon nanotubes (SWNTs) with positive (P-) and minus (M-) handed helicity according to 

wrapping orientation of graphene exhibits the identical optical property for their isomer. The symmetry  

breaking of SWNT is expected to alter their properties that are essential for fundamental study and 

applications, and, however needs to be understood thoroughly.In this presentation, we report the 

photoluminescence (PL) and binding affinity (Ka) differentiation of SWNT isomers with varying 

concentration of flavin mononucleotide (FMN) as chiral surfactant. While the FMN concentration was 

increasing, a position-shifted second PL revealed near initial PL, and the shifted direction from the initial 

PL depends on the modality of SWNT. Using optical titration method which used achiral surfactant as a 

titrant, PL trajectories of P- and M-SWNTs display universal two-step inflection upon replacement with  

FMN whose intensity corresponds to the abundance of SWNTs isomers which is confirmed by the circular 

dichroism measurement. The enantiomeric excess (ee) of SWNT ensemble was calculated based on the PL 

intensity difference, and the ee value decrease to less than 20% with increasing FMN concentration. Via 

FMN-based density gradient ultracentrifugation (DGU) distinct, PL shift trend according to SWNT 

handedness was observed at different density of DGU medium. This phenomenon is suggested to derive 

from the unidirectional torsion caused by the P-type FMN helix on the isomeric SWNT surface, and the 

resulting optical transition shift exhibits opposite shift trends depending on handedness and modality. 

Finally, we determined ee of SWNT dispersed by sodium cholate, universally used surfactant, using FMN 

as a titrant, and confirmed the scalability of this general scheme. 
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Protein surrounding Water Visualization and Energetics (ProWaVE), 

an easy web-based solvation free energy calculation server 
 

Junwon Lee, Sihyun Ham* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

The solvation free energy of protein is an important thermodynamic parameter used in understanding 

protein aggregation, protein-ligand binding affinity, and protein-protein interactions. Nevertheless, 

calculating the solvation free energy from a protein structure is not a simple task because of the non-trivial 

preparation process for protein conformations and cumbersome calculation tools. Protein surrounding 

Water Visualization and Energetics (ProWaVE) is a web-based platform which simplifies multiple 

preparation steps to compute solvation free energies of proteins robustly without human error. Here, we 

upgraded our previous ProWaVE server to support more user-friendly features. ProWaVE accepts protein 

structure files listed in PDB data bank or uploaded by a user and automatically processes the protein 

structure to obtain the suitable conformation for the calculation. ProWaVE uses fluctuating 

thermodynamics technology to calculate solvation free energy, and supports four calculation modes: 1) 

solvation free energy, 2) solvation free energy with solvation energy and solvation entropy, 3) solvation 

free energy and its decomposed values by protein residues, 4) solvation free energy with solvation energy 

and solvation entropy and their decomposed values by protein residues. With this platform, we hope that 

users both from theoretical and experimental fields can find an easy way to calculate the solvation free 

energy of protein. 
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Cold Denaturation of Ubiquitin Associated Domain Peptide 

 

CheongHa Lim, Manho Lim* 

 
Department of Chemistry, Pusan National University, Korea 

  

FT-IR spectroscopy was used to investigate cold denaturation of ubiquitin associated domain peptide 

(UBA(2)) composed of 3 α-helix by observing amide Ⅰ band at 1600~1700 cm-1, known to be sensitive 

to the secondary structure of peptide, in temperature range from 323K to 263 K. The solution consisted of 

1.7 mM protein with 0.1 M Tri(2-carboxyethyl)phosphine (TCEP)-HCl, 2 M denaturant, and 0.4 M 

phosphate buffer in D2O (pD=6.4). TCEP was added to prevent the peptide from making dimer by breaking 

disulfide bond. As temperature decreases from 293 K to 263 K, the band near 1650 cm-1 decreases and that 

near 1620 cm-1 increases, indicating that α-helix of the peptide is getting loose and the content of the β 

sheet increases. Evidently, as UBA(2) cold denatures, α-helix unfolds and β sheet forms, suggesting that 

cold denaturation is not a simple randomization of the secondary structure but a systematic variation of the 

structure. Cold denaturation will be compared with thermal denaturation and the detailed variation in the 

structure will be accessed by molecular dynamics simulation. 
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Synthesis of NiWO4-WO3 composite nanofibers and Its application for 

electrocatalysis 
 

Ha Yeon Kim, So Hyun Jeon, Myung Hwa Kim* 

 
Chemistry & Nano Science, Ewha Womans University, Korea 

  

Nickel tungsten oxide (NiWO4)-Tungsten oxide (WO3) composite nanofibers were synthesized by 

electrospinning technique combined with thermal annealing. Morphologies of synthesized nanofibers were 

imaged by scanning electron microscopy (SEM), transmission electron microscopy(TEM). Crystalline 

structures and surface properties were identified by Raman spectroscopy, X-ray diffraction (XRD) and X-

ray photoelectron spectroscopy (XPS). Electrospun NiWO4/WO3 composite nanofibers showed rough and 

porous surface composed of aggregation of many small grains like nanocrystals of NiWO4 and WO3. In 

addition, the morphology of NiWO4-WO3 composite nanofibers is tube-like that outer diameter of the 

nanofiber is about 250nm and inner hole diameter is about 100nm. It is expected that NiWO4/WO3 hybrid 

nanostructures are contributed to changes in the annealing temperature and ratio of precursors.Generally, 

tungsten oxide has high electrical conductivity due to semiconducting behaviors and its nanostructures have 

been used for many applications such as photocatalysts and electrochemical materials. High electrical 

conductivity and thermal sensitivity of nickel oxide has been utilized in various catalyst applications and 

conductive films. Thus, the composite nanostructures between NiWO4 and WO3 are able to increase 

electrocatalytic and electrochemical activity than their single phase nanostructures. 
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Tuning of Band Alignments and Charge Transport Properties for Fast 

Interlayer Energy Transfer through MoSe2 Bridging between MoS2 
and CdS for Enhanced Hydrogen Production 
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Palagiri, MADHUSUDANA GOPANNAGARI, Amaranatha reddy 
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Transition metal dichalcogenides materials play a major role in up-to-date innovations for energy 

conversion because of their peculiar properties and a wide selection of potential applications. These 

materials show great promise for the development of clean power sources to deal with growing 

environmental issues at a time of skyrocketing international demand for energy. Hence, herein, we have a 

tendency to specialize in an improvement of the relaxation time of photoexcited electrons and holes into 

adjacent layers for effective separation of charge carriers for better photocatalytic efficiency. We report the 

synthesis of earth-abundant, few-layered, MoSe2-bridged MoS2/CdS composite using typical strategies. 

The synthesized photocatalytic materials are assessed for hydrogen evolution by water splitting under 

irradiation of solar light using lactic acid as a hole-scavenger under optimal conditions. The MoSe2 bridging 

within the MoS2/CdS system exhibits a high rate of H2 production (193 mmol h-1 g-1). The presence of few-

layered MoSe2-bridged MoS2/CdS successfully separates the photogenerated charge carriers and progresses 

the surface shuttling properties for proficient H2 production as of the extraordinary range of active edge 

sites along with improved electrical conductivity. To the best of our knowledge, the synthesized few-

layered MoSe2-bridged MoS2/CdS material exhibits the most effective performance among all reported 

MoS2, MoSe2, and MoS2/MoSe2 combined CdS composites. Attributable to its cheap and extraordinary  

potency, this photocatalytic system shows abundant potential for the development of extremely proficient  

photocatalytic materials for use in varied fields. 
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Photocatalytic hydrogen production under visible light on 

cubic@hexagonal heterophase CdS nanojuntions loaded with co-
catalysts 
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GOPANNAGARI, Rory Ma, Bhavani Palagiri, PRAVEEN KUMAR DHARANI, Sumin 

Seo1 
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Designing noble-metal-free functional porous nanostructures for effective photocatalytic hydrogen 

evolution and high durability plays a significant role in future energy researches. However, There are limits  

such as low efficiency and photostability caused by the short recombination time of photocharge carriers. 

Adding electron-transporting co-catalysts can reduce the recombination rate. But normally the rate of 

photogenerated electrons is faster than that of photogenerated holes. This study shows that there is a 

successful strategy to make the photocatalytic activity improved, demonstrating co-loading of both 

photogenerated electron and hole-transporting co-catalysts on light absorbing semiconductor 

nanostructures. When it comes to CdS phase junction-based photocatalysts, However, co-loading both 

electron and hole-transporting co-catalysts is barely used in designing catalysts for photocatalytic hydrogen 

evolution reactions. In this study, we developed a noble-metal-free, highly robust photocatalytic nanohybrid 

0D-2D CdS/C@CoS2 for solar-driven hydrogen production by water splitting. The nanohybrid 

demonstrates a high photocatalytic hydrogen production rate of 87.78 73 mmol·g–1·h–1 under sunlight 

irradiation. In conclusion, the results in this study may expand the potential uses of noble-metal-free 

nanostructures for future energy fuel production and to meet the future energy demand. 
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Microwave spectrum and the vertical profiles of atmospheric species 

measured by ground-based remote sensing instruments 
 

Soohyun Ka, Jung Jin Oh1,* 

 
Research Institute of Global Environment, Sookmyung Women's University, Korea 

1Department of Chemistry, Sookmyung Women's University, Korea 

  

The gas molecules with permanent dipole moments emit the microwave radiation due to the rotational 

transition. The microwave can be detected by a radiometer with remote sensing technique, it provides us 

with information about a vertical distribution and a wind speed or direction. The shape of microwave spectra 

is determined by the pressure broadening and Doppler broadening effect. In case of the ground-based 

measurement, the contribution of pressure broadening is quite bigger than of Doppler broadening as there 

are lots of gas molecules and the pressure broadening give us information about the vertical profile. The 

microwave radiometer is a unique ground-based instrument which is possible to monitor the atmosphere 

change above 40 km altitude.In this presentation, we will show you the vertical distribution of ozone and 

water vapor above Seoul, Korea which are measured by 110 GHz and 22 GHz radiometer, respectively. 

The measured spectra by the radiometers have been calibrated from the reference loads called Hot and Cold. 

The microwave absorbers at the ambient temperature and soaked in the liquid nitrogen are used for the 

reference loads. The brightness temperature of the atmospheric signal has been calibrated by linear equation 

with signal and physical temperature of two reference loads. The vertical profiles have been retrieved from 

the integrated measured spectrum by the statistical method. The temporal and seasonal variation of the 

ozone and water vapor in the middle atmosphere is presented here and validated with the satellite data. 

“This work is financially supported by Korea Ministry of Environment(MOE) as 「Graduate School 

specialized in Climate Change」.” 
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Preparation of Reactive Ballistic Deposited CuFeO Photocathode by 

for Hydrogen Evolution Reaction 
 

Yong Ho Lee, Chang Woo Kim* 
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One-dimensional (1-D) nanostructured materials has become great potential in the field of energy generator 

and energy conversion because they can provide photogenerated charges via direct electrical pathways and 

their reduced grain boundaries resulting in superior charge transport properties. 1-D nanomaterials have 

been synthesized by a number of chemical and physical techniques, including lithographical approach and 

electrodeposition etc. Among them, p-type CuFeO photoelectrode has rarely been reported as an important 

semiconductor even it is a promising material to show efficient water photoelectrolysis with visible light 

illumination. Till date, CuFeO film was reported by spin-coating assisted sol-gel chemistry. In this study, 

we report CuFeO film is deposited on the FTO glass by reactive ballistic deposition. Metal sources like iron 

metal and copper metal are evaporative-deposited on the FTO substrate in an oxygen flow condition of 

ambient of reaction chamber. CuFeO film is grown to get columnar structure by manipulating synthesis 

parameters such as deposition angle, deposition time, and chamber pressure etc. The crystal structure and 

morphology of CuFeO film is characterized for photoelectrochemical water splitting reaction. 
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Robust Hydrogen Generation in Water using 1-D CdS nanorods 

Integrated with 2-D SnS2 nanosheets Under Solar Light Irradiation 
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PRAVEEN KUMAR DHARANI, TaeKyu Kim* 
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The importance of hydrogen (H2) as an alternative clean fuel has gained since the issue of global warming . 

The utilization of solar energy for water splitting paves a way for environmentally friendly H2 generation. 

Semiconductor photocatalysts facilitates the charge separation as well as surface redox reactions to 

improving solar-light hydrogen generation. To that end, photocatalysts comprising intimately interfaced 

photo absorbers and co-catalysts have gained much attention. Herein, we report the 2-D SnS2 ultrathin 

nanosheets integrated on 1-D CdS nanorods (CdS/SnS2) as an efficient photocatalyst for water splitting H2 

generation using lactic acid as electron donor under solar light irradiation. Experimental results 

demonstrates that the SnS2 ultrathin nanosheets integrated CdS nanorods are show robust H2 evolution rate 

i.e., 20200 (μmol h−1 g−1), which is the utmost activity and nine folds higher than pristine CdS nanorods. 

Moreover, the as-obtained CdS/SnS2 nanohybrid show an excellent photo-stability and remained effective 

for 30 h under the optimal conditions. The outstanding photocatalytic activity of CdS/SnS2 reflects the 

promising suppression of the charge-carrier recombination rate, as determined by photoluminescence, 

photocurrent, and impedance analyses. 
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Rotational constants, hyperfine structure, and nuclear quadrupole 

coupling tensor of 2-bromobutane using Fourier transform microwave 
spectroscopy 
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Microwave spectra and hyperfine structure of 2-bromobutane (sec-butyl bromide, CH3CHBrCH2CH3) were 

measured in the frequency range of 8-18 GHz by a chirped-pulse and a resonant cavity Fourier transform 

microwave spectrometer. The complete nuclear quadrupole coupling tensors of bromine (χ) were obtained 

for the gauche+ (G+), anti (A), and gauche− (G−) conformers with 79Br and 81Br isotopologues, 

respectively. Rotational constants, centrifugal distortion constants, nuclear quadrupole coupling constants 

were determined for each species. Isotopic substitution made it possible to determine rs structure 

coordinates for Br atom of all conformers, and they are in good agreement with ab initio principal axis  

coordinates. In addition, the quadrupolar angles (θza) of 2-bromobutane are also compared with calculated 

values. 

 

"본 연구는 환경부 「기후변화특성화대학원사업」의 지원으로 수행되었습니다." 

"This work is financially supported by Korea Ministry of Environment(MOE) as 「Graduate School 

specialized in Climate Change」." 
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Effect of film preparation on the glass transition temperature of 

PMMA (poly methyl methacrylate) film 
 

WOO JUNG LEE, Keewook Paeng* 
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We have investigated the effect of film preparation on the glass transition temperature (Tg) of PMMA (poly 

methyl methacrylate) films. Polymer films which were prepared by spin-coating method and by the layer-

by-layer stacking via Langmuir-Blodgett(LB) method were compared. In order to eliminate the 

complication due to the thin film effect, the film thicknesses were greater than 200 nm and the Tg was 

determined by the change in the thermal expansion coefficient upon constant cooling of the film using 

ellipsometry. The effect of the deposition surface pressure in the LB method was invested from 4 mN/m to 

20 mN/m and found that the film preparation methods and conditions do not contribute to the Tg changes 

in the polymer films. 
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Quantitative Prediction of Surface Wettability of Multilayered 

Graphene at the Atomistic Level 
 

Suji Gim, Hyungjun Kim* 

 
EEWS, Korea Advanced Institute of Science and Technology, Korea 

  

Multiscale simulation method (i.e. DFT-CES) was used to predict the surface wettability of multilayered  

graphene quantitatively. The graphene-single water interaction was investigated using the most reliable van 

der Waal’s corrected first-principles DFT method (vdW-DF2C09x) and the optimized pairwise interactions 

are expandable to describe the liquid water-surface interacting system. We obtained a contact angle of ~80o 

for the graphite surface. The calculated wetting parameter is comparable to the most convincing 

experimental value as well as providing a theoretical bound for the defect-free graphite surface among 

widely scattered experimental data from ~30o to 86o. Interfacial interactions from not only van der Waals, 

electrostatic potential but also perturbed or reorganized states were reproduced by potential feedback cycles 

in DFT-CES. We found the modified water-water interaction nearby the adjacent graphene also contributes 

to the surface wettability to some extent. The velocity autocorrelation function, power spectrum, water 

density profiles and thermodynamic energies were analyzed to understand the graphene-water interfacial 

interaction. 
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Isotropic-to-nematic phase transition of concentrated DNA solutions 

confined in an array of nanoposts 
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Liquid crystal phase of bulk DNA has been widely studied experimentally. Computational studies also 

confirmed the LC ordering of DNA solutions above a critical concentration. Researching on the phase 

transition in confined space became important in accordance with the advances in the synthesis of confined 

nanostructures, including nanoslit and nanopost. We present simulation evidences that variation in 

dimension of nanoscale structures such as an array of nanoposts greatly affect the phase transition of DNA 

solution, through Monte Carlo simulations with semiflexible chain model of DNA. Our model represents 

150 base pairs of DNA and has a persistence length of 50nm. During this simulation, size of nanopost and 

distance between adjacent nanoposts are varied. Comparing with the bulk condition, phase transition shifted 

towards lower concentration of DNA when the size of nanopost increased and the distance between 

neighboring nanoposts decreased. 
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Self-adsorption of Single-Walled Carbon Nanotubes in Self-Assembled 

Flavin Monolayer 
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Single-walled carbon nanotubes (SWNTs) are one of the nanomaterials widely used in various applications 

due to their excellent optoelectronic properties. Most applications utilize chemically functionalized  

substrates to immobilize SWNTs. Despite the importance of the SWNT immobilization on substrate, how 

SWNT interacts with substrate is largely unknown. In this presentation, we reported the synthesis and 

characterization of flavin self-assembled monolayer (SAM) and their adsorption behavior with widely used 

sodium dodecyl sulfate (SDS) dispersed SWNT according to functional group density, electronic types of 

SWNTs. For this, the flavin-SAM was prepared by either two consecutive steps or direct coupling 

consisting of i) surface immobilizat ion using an azide group followed by ii) click reaction using acetylene-

terminated flavin which is synthesized by two-step synthesis. The tethered flavin on a substrate via two 

methods (two-step or direct couplings) has been characterized in terms of flavin density. Flavin-SAM 

prepared by two-step method which exhibits less flavin density possesses higher SWNT assembly as 

opposed to the directly coupled flavin-SAM. The reason for such behavior was rationalized by the degree 

of free volume around the immobilized flavin to grasp SWNT. Furthermore, two-step grown SWNT 

exhibits distinct pseudo first order adsorption kinetics according to electronic types and selectivity of 

diameter (dt) of SWNT. In particular, SWNT with smaller dt displays full helical assembly of flavin whereas 

one with larger dt does partial. This study delineates the requirement of SWNT-assembly on the surface 

and provide an insight for molecular design of the SAM for novel SWNT applications. 
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Adsorption and Desorption Properties Carbon Nanotube Sponges 
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Recent studies have shown that carbon nanotube (CNT) sponge has porous, uniform, soft, flexible and 

freestanding structure. we synthesized CNT sponge using a liquid-injection chemical vapor deposition 

(CVD) method. The large surface area and porous properties of super hydrophobic CNT allows easy and 

many adsorption of gaseous hydrophobic compounds. Instantaneous desorption is accomplished by 

applying DC voltage to the CNT sponge. By using the absorption and desorption properties of such CNT 

sponge, it can be used as an eco-friendly material to replace the currently used oil adsorbent, a filter of an 

air purifier, and a concentration device of an analytical instruments. 
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Kinetically Controlled Polymorphic Superstructures: Pyrene-Based 

Asymmetric Supramolecule 
 

MINWOOK PARK, Kwang-Un Jeong* 
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A pyrene-based asymmetric supramolecule (abbreviated as P3M) was newly and successfully synthesized 

for understanding the relationship between the kinetically controlled polymorphic superstructures and their 

physical properties. P3M showed the monotropic phase transition behavior (a stable crystalline phase (K1) 

and a metastable crystalline phase (K2)). P3M exhibited two synclinically tilted crystalline superstructures: 

the 6.75 nm and 4.30 nm periodicities of layered structures for K1 and K2, respectively. The stable K1 and 

metastable K2 phases were dominantly induced by the hydrogen-bonds and π-π interactions. UV-Vis and 

PL experiments showed that the photophysical properties of P3M directly depend on their molecular 

packing superstructures. This work was mainly supported by Mid-Career Researcher Program 

(2016R1A2B2011041), BK21 Plus program, Korea, and BRL (2015042417) of Korea. 
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Structural Dynamics of Bismuth Iodide Complex Probed by Time-

Resolved X-ray Solution Scattering 
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Recently, bismuth based halide compounds have come into the spotlight as potential materials for 

perovskite solar cell. For this reason, these compounds have been heavily studied in solid state. However, 

there are relatively few examples of their photo-induced chemical dynamics in solution. Here, we present 

light driven structural dynamics of bismuth triiodide complex (BiI3) by using time-resolved X-ray solution 

scattering and quantum chemical calculations. Briefly, upon 400 nm excitation, BiI3 undergoes LMCT 

transition and within our time resolution (~100 ps) it transforms into iso-BiI2-I rather than planar trigonal 

(D3h) structure. The presence of this specific intermediate structure is further supported by quantum 

chemical calculations. 
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Simulation studies on the translocation dynamics and free energy of a 

single polymer: the effect of solvent quality 
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The translocation of a single polymer across a membrane through a narrow pore has been extensively 

studied due to its relevance to crucial biological phenomena and industrial applications such as a transport 

of protein or DNA through cell membranes and DNA/RNA sequencing techniques. Because the number of 

available conformations of the polymer is reduced during its translocation, a high entropic barrier for the 

polymer translocation naturally appears.The rate of the translocation is strongly dependent on the free 

energy profile of translocation, which is determined by many factors including an external force, geometry 

of a membrane or nanopore, polymer-membrane or polymer-pore interactions. Especially, the solvent 

quality can directly affect polymer conformations and the translocation free energy, however, its effect on 

translocation dynamics is not completely understood. Therefore, in this study, the translocation of a single 

polymer in different types of solvent and its free energy profiles are systematically investigated by 

performing langevin dynamics (LD) and steered molecular dynamics (SMD) simulations. As the solvent 

quality changes from good to poor, the conformation of the polymer changes from swollen coil to compact 

globule. Simulation results show that the translocation rate shows non-monotonic dependence on the 

solvent quality and that the non-monotonic translocation time highly depends on the length of a polymer 

(N) and a magnitude of driving force (F), which can be explained well by the calculated free energy profile . 
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The existence of atomic-scale plasmonic hot-spots which are activated on fine structures of metallic  

nanoparticles such as atomic protrusions is recently reported. Now we show the possible chemical activities 

of atomic-scale plasmonic hot-spots. The individual 80 nm silver nanoparticle (AgNP) – nitrobenzenethiol 

(NBT) – gold thin film (AuTF, thickness : 10 nm) junction was illuminated by a laser (wavelength of 632.8 

nm) to initiate photo-reduction and to monitor the reaction in real-time (30 ms) on both Stokes and anti-

Stokes regions. We found that decay profiles of symmetric NO stretching peak (νNO) are different for anti-

Stokes and Stokes. In Stokes, slow component and fast component are mixed but only fast component is in 

anti-Stokes (fast component is 10 times faster than slow component). Fast component, which appears both 

in anti-Stokes and Stokes may arise from a subset of NBTs experiencing highly localized field with atomic 

dimensions. This strongly suggests that atomic-scale hot-spots not only locally enhances electromagnetic 

field, but it also accelerates the transfer of hot-electrons between metallic surface and the adsorbed NBT. 
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Multi-dimensional free energy landscape of DNA hairpin structure 

with non-canonical base pair 
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DNA hairpin plays a critical role in the regulation of gene expression and DNA recombination. We studied 

the stability of the DNA hairpin structure, d(ATCCAT-GTTA-TAGGAT) (PDB id:1AC7) using molecular 

dynamics (MD) simulation. Despite the non-canonical Watson-Crick base pair (G:A) in the tetraloop 

(GTTA), we found that the conformation of the DNA hairpin more stable than the conformation of 

canonical Watson-Crick base pair (G:C) in the tetra loop. In this study, we attempted to understand the 

origin of the stability of DNA hairpin with 2-dimensional free energy landscape in the conformational space 

composed of dihedral angles along DNA backbone chain. Based on the representative structures of two 

different DNA hairpin structure using MSMBuilder on the free energy landscape, we investigated the 

electronic property of the the non-canonical Watson-Crick base pair of the tetraloop (GTTA). 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: PHYS.P-141 

Area: Physical Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 
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site of Janus kinase 3 
 

MIN JI LEE, Jang Han Kwon, Hyuk Kang1,* 

 
Department of Energy Systems Research, Ajou University, Korea 

1Department of Chemistry, Ajou University, Korea 

  

Protein phosphorylation is a considerably important post-translational modification, which usually occurs 

in an OH functional group of tyrosine, serine and methionine in the protein. Above all, phosphorylation of 

tyrosine does a significant role as signal transduction in a cell. Several researches have been conducted to 

find how such phosphorylation happens. For example, a research that uses antibody PY20, which perceives 

tyrosine in the protein, can tell if this amino acid is phosphorylated or not through SDS PAGE and western 

blotting. These methods are comparatively easy ways to find the phosphorylated tyrosine, however, is not 

suitable for investigating which tyrosine is the phosphorylation site in the protein. Thus, our goal is to 

investigate which tyrosine sites are involved in the phosphorylation by means of cryogenic ion spectroscopy. 

One of the tyrosine kinases, Janus kinase 3 (abbreviated as ‘JAK3’) has Y980 and Y981 (980th and 981st  

tyrosine residues), where Y980 positively regulates its kinase activity and Y981 negatively regulates itself. 

These JAK3’s Y980 and Y981 are a fine model for protein phosphorylation research, thus a hexapeptide 

DYYVVR (JAK3979-984) that is expected to be obtained by dealing JAK3 with trypsin is prepared. Our 

ultimate goal is to investigate tyrosine phosphorylation sites by comparing DYYVVR and phosphorylated 

ones (DpYYVVR, DYpYVVR, and DpYpYVVR). Before the final goal, a preparatory stage may be an 

identification of the difference between two tyrosines in DYYVVR. We conducted a UV photodissociation 

spectroscopy on DYYVVR, DFYVVR (Y980F), and DYFVVR (Y981F) to identify respective UV 

absorption peak of two tyrosines. Also, we assigned conformers of DYYVVR by hole burning spectroscopy. 
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fluorescence correlation spectroscopy (irFCS) 
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Segmental dynamics of polystyrene near the glass transition temperature was studied by ensemble probe 

reorientation measurements. Imaging rotational fluorescence correlation spectroscopy (irFCS) which was 

developed by a simple modification of a single molecule method was utilized. In irFSC, EMCCD (electron-

multiplying charge-coupled device) camera acquires time sequenced, orthogonally polarized fluorescence 

images of the probe doped polymer film simultaneously. By comparing the intensities of the orthogonally 

polarized images, ensemble rotational dynamics of probe molecules can be obtained. The concentrations 

of probe molecule in the polymer films were varied and the result from the ensemble measurements of 

irFCS was compared with the single molecule measurements in order to separate the effect of spatial and 

temporal averaging of the polymer segmental dynamics in the context of dynamic heterogeneity of 

polymeric glasses. 
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Study of Properties of Lithium Ions in LiCoO2 with Classical 

Molecular Dynamics Simulations 
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Computational approaches can be very useful in understanding properties of electrode materials, providing 

atomic-scale details. In the present study, we performed all-atom classical molecular dynamics (MD) 

simulations for LiCoO2, a well-known cathode material for lithium-ion batteries, and computed the material 

properties such as lattice parameters, cell voltage, and ionic mobility. To calculate free energy, we applied 

thermodynamic integration (TI), free energy perturbation (FEP), and Bennett acceptance ratio (BAR) 

method under conditions of constant temperature and pressure. MD simulations were carried out at high 

temperatures (500−1500 K) under constant volume to compute ionic mobility. Besides ionic mobility , 

activation energy for the movement of lithium ion was estimated with Arrhenius equation. Calculated lattice 

parameters are a = 2.95 Å and c = 14.80 Å, cell voltage is 3.75−4.02 V in the commercial range, diffusion 

coefficient is 10-9 cm2/s, and estimated activation energy is 0.31 eV. These results are in good agreement 

with experiments. In the simulations, Lennard-Jones potential parameters from Universal Force Field were 

used for all atoms and charge equilibration method was applied for atomic charges. 
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Visualization of chemical reactions is one of the ultimate goals in chemical dynamics of isolated molecules, 

liquids and materials.[1-3] Ultrafast Electron Diffraction (UED), a member of 4D electron imaging  

apparatus, is a toolkit to film the snapshot of transient structures during the bond dissociation or formation. 

Recently we have introduced RF compressing technique to bunching the electron beam which is a 

promising tool to get the tens of femtosecond electron pulse duration in the laboratory-scale machines. UED 

apparatus in IBS is designed for sub-Å (spatial) and sub-200 femtosecond (time) resolution in single shot. 

UED apparatus in IBS mainly consists of three parts: 1) electron gun driven by Ti:Sapphire femtosecond 

laser system, 2) RF-based electron beam compressor and 3) scattering chamber coupled to detector 

assembly to measure the diffraction pattern as a function of delay time. 80 keV accelerated electron beam 

generated by tripled output of Ti:Sapphire femtosecond laser output (800 nm, 1 kHz, 35 fsec) fly to the RF-

compressor to re-compress the lengthened electron pulse duration flying. The diffraction patterns for 

transient structures are obtained by pump(laser)-probe(electron) scheme. Time synchronization between 

RF-compressor and electron beam is achieved by Phase-Locked Loop (PLL) device.For the 

characterization of generated electron bunches. Measuring the time-duration of electron bunch also have 

been one of the most important steps in the UED experiment. Our group newly introduce the streak camera 

system. Bunch duration is measured by this streak camera system which contains two streak plates for 

charging high voltage.[4] The electric potential on both plates are rapidly discharged by pump beam 

irradiation on GaAs photo-switch. This fast discharging induces the oscillatory damped electric field, which 

forces electron bunches to be streaked. For trajectory simulation of electrons and checking the validity of 

streak camera system, GPT (General Particle Tracer) program was used to optimize the experimental 



conditions. In this presentation, we will present the current status of development, especially about streak 

camera system. 
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Energy of OH Stretching in Water 
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A procedure to calculate the complete basis set limits of electronic energy of water molecules is developed 

based on two levels of fitting scheme. A three-point fitting scheme with the energies computed at the levels 

of basis function, aug-cc-pVXZ for X = 4–6, is employed to obtain accurate energies of a monomer and a 

dimer of water. To represent the convergence pattern of the three levels of energy, we consider three 

extrapolation functions, power, stretched exponential, and ordinary exponential functions. The three 

functions are found to work excellently to give accurate Hartree–Fock (HF) energies of water molecules. 

However, the three functions give slightly different values up to 1–2 mHartree for the complete basis limit  

of electronic correlation energy. Although the correlation energy plays a critical role in determining the 

potential energy curve of OH stretching, the energetic difference with respect to the type of extrapolation  

function are found not to be reflected in the potential curve. Aiming for applying to a mixed  

quantum/classical theory, we found a strong correlation between the extrapolated energy and the energies 

calculated at the level of double and triple zeta basis functions. This enables us to reproduce the extrapolated 

energy from the latter energies with much cheaper computation. 
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Molecular Modelling of Perylene-Based Dyes for Dye-Sensitized Solar 

Cell 
 

Liezel Estrella, Sang Hee Lee, Dong Hee Kim* 

 
Department of Chemistry, Kunsan National University, Korea 

  

Computational simulations have played a valuable role in the field of solar energy harvesting. In dye-

sensitized solar cell (DSSC) for instance, a strategic approach is the molecular engineering of dye sensitizer 

using reliable and inexpensive computational methods prior to the synthesis of the dyes. Herein, novel 

perylene-based dyes have been designed and evaluated for potential application in DSSCs. DFT and TD-

DFT methods were used to conduct a computational study of dye-to-semiconductor interaction and charge 

transfer mechanism of novel perylene-based dyes by calculating the geometry, photophysical and 

electrochemical properties of the dyes and the dye-TiO2 complexes. This theoretical research provides 

profound understanding concerning the dye-to-semiconductor electronic interaction and charge-transfer 

mechanism in dye-sensitized solar cells. 
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DFT simulation for the effect of hydrogen and ethene pressures on the 

competition between ethene oligomerization and hydrogenation 
reactions catalyzed by tetrakisacetatodirhodium complex 

 

Hyo Weon Jang 

 
Department of Chemistry, Suncheon National University, Korea 

  

In our previous work, a simulation for the hydrogenation reaction pathway of ethene by the title-mentioned 

complex catalyst was presented. Extending from it, we investigate the competition reactions of hydrogen 

and ethene for the intermediate ethyl-bound complex compound resulting ethane and butyl-bound complex, 

respectively. The latter compound may be thought as an intermediate during ethene oligomerization process. 

The competitions are expected to be controlled by the reactant concentrations, such as the pressures of 

hydrogen and ethene gases, and, of course, the thermodynamic properties of the related intermediate 

compounds. Selecting one over the other reaction might be possible by controlling gas pressures only, by 

simulation, at least. 
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Computational Study on Triarylamine-based Hole Transport Material 

with Different Electron Donating Central Core for Perovskite Solar 
Cell 

 

Maebienne Anjelica Gapol, Sang Hee Lee, Dong Hee Kim* 

 
Department of Chemistry, Kunsan National University, Korea 

  

In recent years, the perovskite solar cell (PeSC) has acquired a lot of attention due to its unprecedented 

success in the photovoltaic field with efficiencies reaching 22.7%. Still, many improvements are needed 

for the commercialization of this device such as the discovery of cheaper and more efficient hole transport 

material (HTM). Triphenylamine derivatives have been commonly used as HTM in photovoltaic devices. 

In this presentation, triarylamine-based HTMs with different electron donating central core have been 

designed and evaluated as possible candidate for PeSC. Energy levels, absorption spectra and 

electrochemical properties of the materials were investigated using the density functional theory and time-

dependent density functional theory. 
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Novel Surface Modification Strategies for Preparing Highly 

Luminescent Au22 Nanoclusters 
 

Kyunglim Pyo, SangMyeong Han1, Dongil Lee* 

 
Department of Chemistry, Yonsei University, Korea 
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Owing to the geometrically growing interest in biological and optical sensing materials, preparing highly 

luminescent quantum-sized gold nanoclusters(AuNCs) have been one of the briskly studied field for the 

past few decades.However, the uncertainty about the origin of the luminescence properties and the low 

quantum yield(QY 
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Rigorous Comparison between Random Walk Simulation and 

Diffusion-Reaction Theory in High Dimensions 
 

Junmyeong Jeong, Taejun Kim*, Hyojoon Kim* 

 
Department of Chemistry, Dong-A University, Korea 

  

Unlike in one dimension, where the random walk simulation predicts the theoretical results in the diffusion-

influenced reaction field correctly, in higher dimensions, significant differences are shown between 

simulation and theoretical results. We have rigorously analyzed and quantified the difference. Therefore, 

high dimensional simulations for the diffusion-reaction systems should be performed with care. The 

optimum lattice constants can be suggested for both the accuracy and the efficiency. 
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Dynamics of Single-Molecule Dichotomic Process with a Time-

Dependent Hidden Environmental Variable 
 

Hoongi Lee, Jaeyoung Sung1,*, Ji-Hyun Kim1,* 

 
Chung-Ang University, Korea 

1Department of Chemistry, Chung-Ang University, Korea 

  

We can find many examples of dichotomic(switching) process anywhere. Chemical dynamics is a powerful 

tool for predicting the dynamical behavior of systems. For quantitative understanding of behaviors of a 

system, it is essential to construct a correct mathematical description of networks interacting with complex 

environments and observe the time-correlation function. A theoretical strategy for calculating the state time-

correlation function in Laplace domain is presented. A model is proposed for a rate process through a 

bottleneck with Ornstein-Uhlenbeck process as a exactly solvable model. 
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Non-Markov Chemical Kinetics 
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The generality of the Poisson process has led to its utilization by researchers in the field of reaction kinetics, 

and there is numerous research constrained to the Poissonian paradigm. The quantitative analysis of kinetics 

has started to expand beyond this Markovian paradigm, however, all research on topic has assumed that 

either the creation or annihilation process is still Markovian in nature. In general, however, it is possible 

that both creation and annihilation process are non-Markov processes, and this case has recently been 

reported in biochemical reactions in the living cells. For example, mRNA in the eukaryotic system is created 

with fluctuating rate and begins to degrade only after the polyadenylate tails are consumed, which is a 

multi-step degradation process and, therefore, can only be a non-Markov process. Here, without Markovian 

restrictions in both the creation and annihilation processes, we propose a quantitative method to calculate 

the time correlation function of the product concentration and analyze the power spectrum, the measure of 

chemical fluctuations. We verified the analytic result through the simulation considering an example where 

the product is created and annihilated both catalyzed by enzymes but by different ones. We show how the 

creation rate correlation and non-Markov property of annihilation process contribute to the chemical 

fluctuations. 
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“Multi-State” Tug-of-War model for bidirectional cargo transport by 

kinesin and dynein 
 

Kyujin Shin, Yo Han Song, Youngeun Han, In-Chun Jeong1, Ji-Hyun Kim1, Jaeyoung 
Sung1,*, Kang Taek Lee2,* 
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The motor proteins kinesin and dynein are known as carrying various types of cargoes such as vesicles and 

organelles. However, a quantitative understanding of the cargo transport dynamics by motor proteins still 

remain hidden. We suggest “five-state tug-of-war” model to shed light on this dynamics. The key features 

of our approaches are that both anterograde and retrograde movements are decomposed into “slow” and 

“fast” components and the ATP hydrolysis rate is subject to Michaelis-Menten enzyme kinetics. We show 

many different kinds of “Multi-state tug of war” model and find a proper model that provides a quantitative 

explanation as MSD, non-Gaussian parameter and probability distribution of cargo displacement in 

microtubule direction. This research can be groundwork of mathematical modeling for better quantitative 

explanation of experiment results for bidirectional cargo transport. 
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Carbon Nanotube Sponges as a Preconcentrator for Volatile Organic 

Compounds 
 

Juyeon Bang, Dong Wook You, Yeonhee Jang, KWANG WOO JUNG* 
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Previously, we synthesized carbon nanotube (CNT) sponge which has porous, uniform, soft, flexible and 

freestanding structure. In this study, we made small-sized preconcentrator for gas chromatographic (GC) 

analysis using CNT sponges. Trace amount of volatile organic compounds existing in the air sample is 

adsorbed preferably onto the surface of CNT sponge. The enriched adsorbents are thermally (100–300 ℃) 

desorbed promptly from the CNT surface by appling electric DC power. GC analysis confirms that 100 

times improvement of detection limit can be achieved using the preconcentrator. Therefore, the 

preconcentrator made of CNT sponge is advantageous in that it is driven with a small power consumption, 

has a small size, enables instantaneous desorption of the enriched sample, and has excellent desorption 

efficiency. 
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Universal Transport Dynamics of Complex Fluids: Effects of Intrinsic 

and Extrinsic Disorder 
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We present a general theory of thermal motion in disordered fluids, introducing a new type of random walk 

model with a sojourn time distribution dependent on hidden dynamic variables. This model encompasses 

the well-known continuous-time random walk (CTRW) model and the more recent, stochastic diffusivity 

(SD) model. In the hydrodynamic limit, our model yields a new transport equation, which provides a unified, 

quantitative explanation of the anomalous transport dynamics commonly observed in various disordered 

fluids. We find that the long-time limit value of the product between the mean-square displacement (MSD) 

and the non-Gaussian parameter (NGP) serves as a useful measure of disorder. This measure is 

decomposable into extrinsic disorder, originating from environment-induced fluctuation in transport 

dynamics, and intrinsic disorder, originating from non-Fickian mean transport dynamics. Intrinsic disorder 

causes the MSD of disordered fluids to deviate from the prediction of the simple diffusion model or the SD 

model. Meanwhile, extrinsic noise causes the NGP of disordered fluids to deviate from the CTRW model’s  

prediction. By analyzing the MSD and NGP of supercooled water and dense hard-disc fluids, we find that 

extrinsic disorder is far more sensitive to temperature and density than intrinsic disorder. We also find that 

the NGP alone can serve as an ergodicity metric of transport systems; it vanishes for ergodic systems at 

long times, universally following inverse-time relaxation, but remains finite for non-ergodic systems. This 

work opens new doors for analytic analysis of transport and transport-coupled processes in complex 

disordered media, including living cells, by making the effects of complex hidden environments on 

transport dynamics analytically accessible. 
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Anomalous Counting Statistics of Reversible Cyclization of Chain 

Polymer 
 

Gyunam Park, Sanggeun Song, Ji-Hyun Kim*, Jaeyoung Sung* 

 
Department of Chemistry, Chung-Ang University, Korea 

  

The Chemical fluctuation theorem (CFT) based on the theory of vibrant reaction kinetics can explain gene 

expression processes in living cells. To broaden the application range of the CFT, we analyze reversible 

cyclization of a chain polymer. Analyzing the cyclization process of a polymer is important for 

understanding Fluorescence Resonance Energy Transfer used in single molecule spectroscopy. The mean  

of the event number and the waiting time distribution between two cyclization event times are obtained 

through stochastic simulation and are analyzed for number fluctuation. From this analysis, we show that 

the CFT can provide a quantitative explanation for number fluctuation of a polymer where renewal theory 

cannot. Furthermore, we find that number fluctuation of polymer cyclization can be the maximum or the 

minimum by both the cyclization distance. and interactions between a monomer related to solvent property. 
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DNA ejection rate is determined by the initial conformation of DNA in 

a viral capsid 
 

JungBin Park, Bong June Sung* 

 
Department of Chemistry, Sogang University, Korea 

  

DNA ejection out of a viral capsid is an irreversible process such that the DNA stays out of equilibrium 

during the ejection. Especially, the conformation of DNA in the viral capsid hardly relaxes to its equilibrium 

conformation due to confinement effects and entanglements. Therefore, scientific questions remain: how 

the non-equilibrium conformation of a polymer in a capsid influences the ejection and how important the 

conformation relaxation is in the ejection process. We demonstrate that initial conformations of DNA in a 

viral capsid should change the ejection rate significantly and delineate the importance of conformational 

relaxation via strand-crossings during ejection process. We carry out Langevin Dynamics simulations of a 

single chain made of 1024 monomers. In order to investigate the effect of the initial conformation of a 

polymer on the ejection rate, we employ two types of initial conformations; 1) highly entangled 2) less 

entangled. We find that the ejection process becomes slow by a factor of two or more when the polymer is 

highly entangled in the viral capsid. In these cases, entanglements make the polymer backbone highly 

tensed, which hinder the polymer from being pulled out from the capsid. We also find that strand-crossings 

can make the ejection fast despite of the entangled initial conditions. To delineate the effects of strand-

crossings, we set two types of polymer models. By tuning the force constant of FENE (Finitely Extensible 

Non-linear Elastic) bead-spring model for the chain, we either allow or disallow the chain to undergo strand-

crossings. As a result, if the strand-crossings are allowed, they make the polymer to relax its conformation  

during ejection, thus driving the ejection process fast regardless of its initial conformation. 
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Effect of delayed degradation in duel reporter expression genes located 

at same genomic positions 
 

Jaehyuk Won, Ji-Hyun Kim*, Jaeyoung Sung* 

 
Department of Chemistry, Chung-Ang University, Korea 

  

We studied analysis of the environment-induced correlation between the expression levels of two identical 

reporter genes located at different genomic positions. In previous work, it is assumed that mRNA and 

protein decay with constant rates, r_m and r_p ,respectively. However, especially in eukaryotic cells, a 

more complex degradation process can result in non-Poisson lifetime statistics. Here, we investigated the 

influence of delayed mRNA decay process in the joint distribution of dual reporter levels. 
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Real-time Observation of Conformer-specific Excited-state Reaction 

Dynamics 
 

Kyung Chul Woo, Sang Kyu Kim* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Real-time observation of excited-state reaction dynamics in the gas-phase molecules with picosecond time-

resolved pump-probe measurement are going to be introduced. Conformers with specific structure can be 

spectroscopically selected, and following conformer-specific dynamics with vibronic state selectivity are 

expected to be presented. 
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Ultrafast S1 state lifetime of thiophenol 
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Ultrafast photodissociaiton of S-H bond on the S1 state of thiophenol have been studied by femtosecond 

time-resolved ion yield spectroscopy and quantum wavepacket simulation. The observation of parent ion 

transient reveals that the wavepacket prepared near the S1 state origin of PhSH decays within 50 fs of time 

constant and that of deuterium-substituted thiophenol-d1 60 fs, indicating the dissociative potential barrier 

is very shallow than expected in previous studies. On the basis of ab initio calculation, we have modified a 

2D potential energy surface which can elaborates the existence of the saddle points at RS-H = 1.513 Å having 

lower energy than conical intersection between 1πσ* state and 1ππ* state. Wavepacket dynamics simulation 

on the new adiabatic S1 potential energy surface successfully reproduce the ultrafast dynamics of thiophenol 

that is in good agreement with our experiment. It suggests that the population excited on the S1 state beneath 

the conical intersection mainly dissociates through the saddle point in adiabatic way. 
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Unimolecular photodissociation of chlorobenzene cations 
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Photodissociation decay times of chlorobenzene cations (Bz35Cl+, Bz37Cl+) have been investigated by linear 

tandem time-of-flight mass spectrometer. Mass-selected Bz35Cl+, Bz37Cl+ were irradiated by various 

photons (230 to 305 nm). Photodissociation rate constant of chlorobenzene cations depends on the internal 

energy and isotope effect. Ionization energy was calculated by Gaussian 09 program at the B3LYP / cc-

pVTZ theory level of DFT method. 
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Spatial distribution of Nanoparticles in Polymer Thin Films and its 

Effects on Dynamics and Thermodynamics 
 

JINKWAN JUNG, Bong June Sung* 
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In the way that polymers confined on short length scale shows different properties to bulk, polymer thin 

film have been extensively studied in. In many researches, nanoparticles (NPs) are introduced in thin film 

as probe or purpose of tuning properties. Especially, when polymer thin films are embedding nanoparticles, 

such polymer thin films may be used as DNA, chemical sensors and catalysts. Because the viscosity and 

glass transition of polymer thin films influence their applicability, understanding the effects of NPs on the 

rheological properties of polymer thin films has been an issue of importance. Recent experiments showed 

that the glass transition temperature (Tg) of thin films depends on how NPs are distributed in thin film. Also, 

another study showed that according to size of polymer, Tg is changed up to 50 K. In this work, therefore, 

we perform extensive molecular dynamics simulations to investigate how intermolecular interactions 

between NPs and polymers, the size, concentration and the spatial arrangement of NPs would affect the 

rheological properties of polymers. We find that if the intermolecular interaction is very attractive between 

NPs and polymers, NPs are located mostly at the film center. On the other hand, when the interaction is not 

very attractive, NPs are located at the interfacial region. We also find that as the size of NPs is decreased, 

the location of NPs is likely to be shifted to the interfacial region. Interestingly, we find that this bifurcation 

behavior is energy driven process. More interestingly, in terms of dynamics, large NPs at the film center 

slow down the polymer diffusion significantly, while small NPs at the film surface hardly affect on the 

mobility of polymer. 
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Monte Carlo simulation studies on the anisotropic diffusion reaction in 

condensed phases 
 

Dajeong Choi, Taejun Kim, Hyojoon Kim* 
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We study the fundamental phenomena of diffusive motions using lattice-based Monte Carlo simulations to 

improve utilities of simulations for the applications to complex real systems. The random walk on irregular 

lattices has attracted increasing attentions since it can represent numerous complicated diffusion-reaction 

systems such as in vivo biological reactions and percolation clusters. We find that anisotropy can be 

controlled by changing the probability ratio of the stay to the movement in two or three dimensional 

simulations. Simulation results are easily obtained and compared in anisotropic systems where theoretical 

predictions are absent. We confirm the accuracy of Monte Carlo methods by reproducing the theoretical 

predictions in isotropic diffusion-reaction systems. 
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Cyanamide as an Infrared Reporter: Comparison of Vibrational 

Properties between Nitriles Bonded to N and C Atoms 
 

Giseong Lee, Dorota Kossowska1, Joonhyung Lim, soobin Kim, Hogyu Han*, kyungwon 
Kwak*, MINHAENG CHO* 

 
Department of Chemistry, Korea University, Korea 

1Korea University, Korea 

  

Infrared (IR) probes based on terminally blocked β-cyanamidoalanine 1 and p-cyanamidophenylalanine 2 

were synthesized and the vibrational properties of their CN stretch mode were studied using FTIR and 

femtosecond IR pump−probe spectroscopies. Aromatic cyanamide 2 shows a complicated lineshape of the 

FTIR spectrum, which arises from the accidental Fermi resonance, and can be substantially simplified by 

deuteration of the cyanamide group. The transition dipole strengths of the cyanamide group are much larger 

than those of the nitrile group, but comparable to those of the isonitrile and azido groups. The vibrational 

lifetimes of the cyanamide group are similar to those of the nitrile and azido groups, but shorter than those 

of the isonitrile group. Cyanamide has the potential to be a good IR reporter of the conformational and 

environmental structure and dynamics of biomolecules in complementary to nitrile. 
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Vibrational circular dichroism (VCD) of limonene cation investigated 

by circular polarized VUV-MATI spectroscopy 
 

Yu Ran Lee, Soo Rin Lee, Hong Lae Kim, Chan Ho Kwon* 

 
Department of Chemistry, Kangwon National University, Korea 

  

Vibrational circular dichroism (VCD) as the vibrational analogue of the electronic CD extensively used in 

chiral selectivity, is rather advantageous for distinguishing the structural conformations of biomolecules  

and determining absolute configurations of chiral molecules in drugs. Firstly, we generated the circular 

polarized vacuum ultraviolet (VUV) radiation by four-wave frequency mixing of the linear polarized  

216.667 nm light and the circular polarized visible light in Kr. Hence, we invented the circular polarized  

VUV mass-analyzed threshold ionization spectroscopy to determine the accurate ionization energy and 

conformational structure of chiral monoterpene molecule which plays an important role in biological 

systems and conformational dynamics. We investigated the limonene which is one of the most common 

cyclic monoterpenes and an abundant component of essential oils extracted from lemon and orange rinds 

in R-(+) form, using our invented technique. Notably, accurate ionization energy of a limonene conformer 

was determined to be 68,500 ± 3 cm-1 
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Conformational structure of cationic morpholine by vacuum 
ultraviolet mass-analyzed threshold ionization (VUV-MATI) 

spectroscopy 
 

So Young Eom, Do Won Kang, Hong Lae Kim, Chan Ho Kwon* 

 
Department of Chemistry, Kangwon National University, Korea 

  

Morpholine as a unique and saturated six-membered heterocyclic compound possessing an oxygen and a 

nitrogen atom has been paid much attention and still considered in a regard of ionization dynamics related 

to HOMO and ring-puckering potentials depending on heteroatoms such as O and N. In order to investigate 

the conformational structures affected by ionization, we measured the vibrational spectrum of cationic 

morpholine using the one-photon mass-analyzed threshold ionization (MATI) spectroscopy with the 

vacuum ultraviolet (VUV) radiation. Most of the observed peaks except the peaks related to ring-puckering  

vibration could be assigned through the Franck-Condon analysis performed with adjustments of the 

geometrical parameters of cationic morpholine. 
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Surface-induced photoreaction of 4-aminobenzonitrile and 4-

nitrobenzonitrile on silver surface: SERS and DFT study 
 

Do Geun Yoon, Sang Eun Kim, Hong Lae Kim, Chan Ho Kwon* 

 
Department of Chemistry, Kangwon National University, Korea 

  

We investigated the surface-induced photoreaction of 4-aminobenzonitrile (4ABN) and 4-nitrobenzonitrile  

(4NBN) on silver surface, which have been paid much attention and still disputed. We obtained the SERS 

spectrum of the 4ABN and 4NBN which never correlate to the OR spectra of the 4ABN and 4NBN, 

respectively. The SERS spectra of the 4ABN and 4NBN commonly have the new peaks at 1100 and 1400 

cm-1, which were found in case of the 4-aminobenzene thiol. Analyzing the measured spectra with the aid 

of the DFT calculation, we found that the both SERS spectra of the 4ABN and 4NBN resemble the SERS 

spectrum of the azobenzene-4,4'-dicyano. In addition, we observed that the dimerization took place by 

irradiation of the laser light and those reactions were completed within a few seconds. Finally, we suggest 

that the 4ABN and 4NBN change to azobenzene-4,4'-dicyano by surface-induced photoreaction on silver 

surface. 
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spectrometer for non-volatile molecule 
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For non-volatile molecule, because thermal vaporization of non-volatile molecules leads to various 

fragmentation, the matrix-assisted laser desorption ionization mass spectrometry (MALDI-MS) has been 

utilized to solve such problem. In general, the MALDI is useful technique for analysis of biomolecule or 

peptides, but it is suffered for the analysis of low weight molecule due to the chemical interference from 

matrix. Due to these drawback, we invented new mass spectrometer based on IR laser desorption and VUV 

laser ionization technique for studying non-volatile molecules and performed the two steps of laser 

desorption and laser ionization using carbon powder. As a result, we detected no chemical interference in 

low molecular weight and observed only parent ion without any fragmentation. Remarkably, we could 

measure the indole-3-carbinol in a few picomole scale, where the mass resolving power was ~3600. 
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Development of new VUV-MATI spectrometer for radical cation 
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The radicals have relevance to many chemical reactions occurring in combustion and atmosphere as well 

as interstellar medium. The spectroscopic and structural investigation of radicals is thus prerequisite to 

comprehending them. The traditional method for generating radicals is pyrolysis or photodissociation, but 

the former is difficult to apply for spectroscopy, because of various fragments from diverse channels. The 

latter is rather useful to spectroscopy due to selectivity of radical in desirable quantum state. Thus, we 

present about construction and performance of the new VUV-MATI spectrometer coupled radical source 

utilizing H atom photodissociation developed in our laboratory. 
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Effect on the Excimer Formation by Substituted Position of Bulky 

Substance in Planar Pt(II) Complexes 
 

So-Yoen Kim, Jae-Hyun Park, DAE WON CHO, Chul Hoon Kim, Sang Ook Kang, Ho-Jin 
Son* 

 
Department of Advanced Materials Chemistry, Korea University, Korea 

  

In order to understand the steric influence on excimer formation in square planar metal complexes, three 

different Pt(II) complexes were prepared by modifying the substituents in the main ligand: Pt(dfppy)(acac) 

(Pt-1); the bulky triphenyl silyl group was substituted at the pyridine moiety (Pt-2) and at the phenyl moiety  

(Pt-3) of the main ligand of Pt-1. The Pt-1 and Pt-3 showed excimer emission in the concentrated solution 

and the solid sample. The crystal structures of Pt-1 and Pt-3 were analyzed by X-ray crystallographic 

measurements. The results revealed that the LUMO moiety closely overlapped with that of another Pt-

complex. We concluded that the LUMO–LUMO interaction between the pyridine moieties of the main  

ligand is the main factor responsible for excimer formation 
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Photoinduced electron transfer in a bis(4-arylphenylamino benzo)-
ortho-carborane investigated by time-resolved transient absorption 

spectroscopy 
 

So-Yoen Kim, Chul Hoon Kim, DAE WON CHO, Sang Ook Kang, Ho-Jin Son* 

 
Department of Advanced Materials Chemistry, Korea University, Korea 

  

The intramolecular photoinduced electron transfer (PET) processes of three bis(4-arylphenylamino benzo)-

ortho-carboranes (ArCbAr, Ar = phenyl (Ph), naphthyl (Np) and pyrenyl (Py)) triads were investigated in 

CH2Cl2 and n-hexane using the femtosecond time-resolved transient absorption (TA) spectroscopic 

technique. In CH2Cl2, the transient S1-Sn absorption band of 1ArCbAr* was observed at short delay times. 

Concomitant with the decay of 1ArCbAr*, the TA bands for cation radical species were detected at around 

700 nm for Ph•+, 650 nm for Np•+, and 580 nm Py•+. At the same time, the TA band of the carborane anion 

radical (Cb•-) was observed at around 430 nm. This implies that the intramolecular PET process occurs 

from the 1ArCbAr* state. The TA bands of the cationic and anionic radical species can be assigned by 

comparison to the absorption spectra of an electrochemically generated radical species. The PET process 

also occurs in n-hexane, as demonstrated by the monitoring of radical species in the TA spectra. In n-hexane, 

the TA band for At•+ interfered with the aggregation induced emission (AIE) at early delay times. The long 

lived Ar•+ species can be observed in the TA spectra at long delay times after fading of the AIE. The PET 

is exergonic in both solvents, as shown with the negative Gibbs energies (ΔG) for the PET processes. 
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Investigation of the Light Harvesting Mechanism in Ir-core Dendrimer 

using Singular Value Decomposition (SVD) 
 

So-Yoen Kim, Ju Hyoung Jo, Chul Hoon Kim, DAE WON CHO, Sang Ook Kang, Ho-Jin 
Son* 

 
Department of Advanced Materials Chemistry, Korea University, Korea 

  

In order to investigate the light-energy harvesting mechanism, a series of dendrimers with a heteroleptic 

iridium(III) complex core, [Ir(dmb)2(pic-Czn)] (Gn: n = 1, 2, and 3) was synthesized. The Ir-core 

[Ir(dmb)2(pic-OCH3), G0] shows a blue emission at ~500 nm, which is assigned to 3MLCT 

phosphorescence. This phosphorescence was enhanced with increasing generations due to the increase in 

the total absorbance of the Cz-dendron. The light-harvesting efficiencies determined by various methods 

were approximately 160 (G1), 220 (G2), and 330% (G3). The energy transfers efficiencies for G1–G3 from 

the peripheral Cz-dendron to the Ir-core complex were above 97%. The time-resolved TA band correlated 

with the core Ir-complex was observed at 500 nm, though it overlapped and interfered with the intense TA 

band of the Cz-dendrons. Therefore, we attempted a global analysis by singular value decomposition (SVD). 
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Isomer-Specific Induced Circular Dichroism Spectroscopy of Jet-

Cooled Phenol Complexes with Methyl Lactate 
 

ARAM HONG, Cheol Joo Moon1, AHREUM MIN, Myong Yong Choi1, JIYOUNG 
HEO2,*, Nam Joon Kim* 

 
Department of Chemistry, Chungbuk Natioanl University, Korea 

1Department of Chemistry, Gyeongsang National University, Korea 
2Department of Biomedical Science and Engineering, Sangmyung University, Korea 

  

Molecular interactions between achiral and chiral molecules can give rise to circular dichroism within the 

absorption region of the achiral molecule. This is called induced circular dichroism (ICD). Most ICD 

spectroscopy has been extensively used to probe the molecular interactions in solution, which only exhibit  

the averaged CD values of all conformational isomers in solution. Here, we obtained the first ICD spectra 

by using resonant two-photon ionization CD spectroscopy to jet-cooled phenol complexes with methyl 

lactate (PhOH-ML). The R2PI spectra of PhOH-ML exhibit well-resolved vibronic bands of two different  

conformers, which have different ICD signs and magnitudes. The ICD effect will be discussed in the 

geometrical asymmetries of the complexes and the electronic coupling strengths between PhOH and ML. 
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The vibrational studies on the water channel in LiTFSI aqueous 

electrolyte system 
 

Joonhyung Lim, jungyu kim, kyungwon Kwak, MINHAENG CHO* 

 
Department of Chemistry, Korea University, Korea 

  

The highly concentrated LiTFSI(Lithium bis(trifluoromethanesulfonyl)imide) aqueous electrolyte 

overcome the electrochemical stability window of water(1.23 V) due to the formation of SEI that was not 

found in other aqueous solutions. This particular property presents the possibility of this electrolyte as a 

replacement for nonaqueous type electrolytes that are currently in commercial use. Many studies have 

focused on the formation of SEI and there is a lack of research on how Li ions can transport rapidly. In this 

experiment, we have investigated the role of water for Li+ transport in this highly viscous environment. 

Linear IR, PSPP, and 2D-IR were performed on various concentrations of electrolyte, including an OD 

probe that is sensitive to electrical environment. The results of the IR experiment showed that although a 

very high concentration of LiTFSI was present, a considerable amount of water exhibit-ed bulk-like 

properties, indicating the existence of a water domain in the electrolyte. Also the results of anisotropy and 

spectral diffusion indicate the anionic water, on the layer TFSI- anion, acts as a lubricant to prevent 

electrostatic drag resulting in the fast transport of Li ion. 
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Understanding the durability of sub-nm Pt–Fe alloys for PEM 

electrocatalysts 
 

Nasir Shahzad, Chan Kyung Kim1,* 

 
Department of Chemistry & Chemical Engineering Con, Inha University, Pakistan 

1Department of Chemistry, Inha University, Korea 

  

Extensive work performed to make PEFC as a viable industrial product have had solved most of PEFC 

issues but left two that have been creating hurdles in its commercialization; cost and a lifetime. 

Unfortunately, both these issues have a strong correlation, i.e., increasing platinum amount increases the 

lifetime while at same time hikes the cost. Over the time, it is reported that alloys of Pt are unstable under 

fuel cell reaction conditions. In sharp contrast to bulk and nano-size alloys, the researchers find that the 

orderly prepared sub-nanometer size Pt-alloys demonstrate exceptionally durability. We have applied the 

high-level DFT calculations to understand the exceptional durability of these alloys and design the 

methodology for fast screening of the most stable Pt-sub-nm size alloys. Our bonding analysis for all 

possible homotopic isomers showed that the stability of orderly prepared small clusters equally depends on 

both composition and arrangement of atoms within the clusters and the direct relation was found between 

the stability of bimetallic alloys and number of bonds present in the clusters and vice versa. Moreover, for 

screening the most stable isomers, we report a general and robust strategy. 
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Activation of formyl C−H and hydroxyl O−H bonds in HMF by the 

CuO(111) and Co3O4(110) surfaces: A DFT study 
 

Jun Ren, Chan Kyung Kim1,* 

 
Department of Chemistry and Chemical Engineering,, Inha University, Korea 

1Department of Chemistry, Inha University, Korea 

  

Concerns about the non-renewability of fossil fuels and environmental pollution have led to the exploration 

of alternatives to fossil hydrocarbon resources to supply chemicals and energy. 5-Hydroxymethylfurfural 

(HMF) is considered to be a key bio-renewable platform molecule and is one of the ten most important  

platform chemicals listed by U.S. Department of Energy. The use of appropriate oxidants and a 

heterogeneous catalyst is quite advantageous for converting HMF into FDCA. In this work, density 

functional theory calculations with on-site Coulomb repulsion U terms were carried out to investigate the 

5-hydroxymethylfurfural (HMF) adsorption on the CuO(111) and Co3O4(110) surfaces. The adsorption 

energy depends on both the coordination type of surface oxygen to which the hydrogen binds and the 

possible formation of H-bond involving hydroxyl and formyl groups on the adsorbed HMF. Also, the 

hydroxyl O−H bond breaking is very easy and is likely to be the first step in HMF oxidation, and then the 

OH insertion reaction to produce 2,5-furandicarboxylic acid (FDCA). 
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A flexibility gradient on long DNA molecules acting as a Brownian 

ratchet 
 

Suehyun Park, Jun Soo Kim1,* 

 
Chemistry and Nanoscience, Ewha Womans University, Korea 

1Department of Chemistry and Nanoscience, Ewha Womans University, Korea 

  

It has been widely investigated to direct the motion of molecules and colloids in many applications in 

chemical, mechanical and biological sciences. Applying on and off an asymmetric potential on a positively 

charged nanoparticle, we observed a macroscopic rolling of a nanoparticle bound to and wrapped by 

double-stranded DNA molecule. The flexibility gradient on DNA molecules imitating a sequence 

dependent change in flexibility creates an asymmetric potential on a nanoparticle wrapped by the DNA 

molecule, where the flexibility gradient is constructed by decreasing the local persistence length from 50 

nm to 40 nm. The number of DNA monomers wrapping a nanoparticle increases when salt concentration 

is low, allowing the asymmetric potential to affect a nanoparticle, and decreases when salt concentration is 

high, allowing the potential to barely affect. When the asymmetric potential is on, the nanoparticle rolls  

over a DNA molecule from less flexible regions towards more flexible regions. On the other hand, the 

nanoparticle freely diffuses along a DNA molecule starting from the minimum of the asymmetric potential 

when the asymmetric potential is off. In this study, we present a novel type of Brownian ratchet using 

biomolecules and a strategy that can be employed in structural DNA nanotechnology. 
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Understanding of changes on the surface of the LiFePO4 cathode using 

Raman spectroscopy 
 

Soo Min Kim, Yeonju Park, Young Mee Jung* 

 
Department of Chemistry, Kangwon National University, Korea 

  

Currently, LiFePO4 has attracted attention as a cathode material for lithium ion batteries because of its low 

cost, environmental compatibility, excellent safety and long life. However, electronical conductivity and 

lithium ion diffusion are still lower than commercial lithium ion battery and further development is needed. 

In this study, we observed the changes on LiFePO4 cathode surface in real time during charging and 

discharging processes of the battery by using Raman spectroscopy. To better understand the cathode surface 

reaction of lithium ion batteries, 2D correlation spectroscopy (2D-COS) was applied to in-situ Raman  

spectroscopy. In this presentation, more informations of our work will be presented. 
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Photodissociation Dynamics of Nitric Oxide From Roussin’s Red Ester 

Probed by Time-Resolved Infrared Spectroscopy 
 

hojeong yoon, Seongchul Park, Manho Lim* 

 
Department of Chemistry, Pusan National University, Korea 

  

Roussin`s red ester (RRE), [Fe2(μ-RS)2(NO)4] was discovered for a long time ago and recent interest in 

NO donor has increased study of RRE as a NO donor in biology and medicine. RRE has been an important  

NO donor due to a relatively low toxicity, good stability, and simple synthesis. Photoexcitation of RRE 

produces NO that can be utilized as the medical purposes. Various thiol molecules were used to synthesize 

RRE. Stability, quantum yield for NO generation, and solubility of RRE are related to the thiol molecule 

used. Thiol with a polar group is advantageous for biological usage which requires water solubility. Since 

cysteine (CysSH) is a water soluble natural amino acid, it was used in synthesizing RRE for a biological 

application. CysSH-containing RRE, [Fe2(μ-CysS)2(NO)4] (Cys-RRE) is thermally stable for about a day 

at room temperature. Here, photodissociation dynamics of NO from Cys-RRE in water was investigated by 

probing the N−O stretching mode. We were able to identify reaction intermediates in the photolysis and 

establish subsequent reactions of the intermediates as well as photodissociated NO with nascent 

photoproducts. 
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Construction of a beamline for time-resolved x-ray research 

 

Seongheun Kim 

 
Pohang Accelerator Laboratory, Pohang University of Science and Technology, Korea 

  

Pohang Accelerator Laboratory (PAL) is currently starting to construct 1C beamline for time-resolved  

optical pump/ x-ray probe experiments. The operating radio frequency of PAL is ~ 499.9732 MHz and the 

synchrotron should provide 470 buckets with a revolution clock of ~ 1.0638 MHz and a bucket separation 

of 2.0 ns. Currently, the synchrotron is operated at full bunch mode with a nominal pulse duration of ~ 70 

ps full width at half maximum that depends on the operation modes. PLS-II is typically operated in top-up 

mode with a current of 360 mA, which is equally distributed among all bunches for the respective filling  

pattern. The 1C beamline is a hard X-ray beamline covering the photon energy range from 2.3 up to 25 

KeV and provides 1011 ~ 1012 photons/s depending on the operational energy. The commercial laser system 

is utilized to provide femtosecond pump laser pulses with ~ 35 fs pulse duration for photoexcitation of 

sample. The output pulse energies at a repetition rate of ~ 5 kHz are up to 3 mJ/pulse, 1 mJ/pulse, and 0.45 

mJ/pulse for 800 nm, 400 nm, an 267 nm, respectively. To perform time-resolved X-ray experiment using 

synchrotron radiation, the synchronization of laser pulse and x-ray pulse has to be achieved. We have 

achieved the synchronization between the laser and synchrotron RF master clock (or synchrotron revolution 

clock). The 1C beamline will allow for experiments of time-resolved x-ray diffraction (XRD), time-

resolved small-angle x-ray scattering (SAXS), and time-resolved x-ray absorption (XAS). Construction of 

the beamline will be completed at the end of 2020. 
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Study of Erythrocyte Membrane Using Combined AFM-TIRFM 

Technique 
 

KWANGDON BAE, Doo Wan Boo* 

 
Department of Chemistry, Yonsei University, Korea 

  

The erythrocyte membrane skeleton is a hexagonal meshwork of spectrin, protein 4.1R, actin complex and 

ankyrin complex. Because of its unique structural composition, the erythrocyte is remarkably deformable 

and stable. However, the precise structural information of skeleton has not yet been discovered as well as 

the distribution of lipid/protein. For this reason and for their relatively simple structure and convenience of 

isolation, erythrocyte has been extensively studied over the years.We used a combined Atomic Force 

Microscopy (AFM) and Total Internal Reflection Fluorescence Microscopy (TIRFM) technique to 

investigate the morphology, distribution and dynamics of erythrocyte membrane. We first immobilized the 

erythrocyte on modified glass surfaces, then characterized the size and locations of specific membrane 

protein/lipid by AFM-TIRFM technique. 
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Charge Transfer-Induced Torsional Dynamics in the Excited State of 

2,6-Bis(diphenylamino)anthraquinone 
 

Jungkweon Choi*, Doo-Sik Ahn1, DAE WON CHO2, Hyotcherl Ihee3,* 

 
Center for Nanomaterials and Chemical Reactions, Institute for Basic Science, Korea 
1Center for Nanomaterials and Chemical reactions, Institute for Basic Science, Korea 

2Department of Advanced Materials Chemistry, Korea University, Korea 
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Intramolecular charge transfer (ICT) in a multibranched push−pull chromophore is a key photophysical 

process which is attracting attention due to its relevance to the development of highly efficient organic 

light-emitting diodes, but the excited-state dynamics of multibranched push−pull chromophores is still 

unclear. Here, we studied the excited state dynamics of 2,6-bis(diphenylamino)anthraquinone (DPA-AQ-

DPA) using femtosecond transient absorption spectroscopy and singular value decomposition analysis. The 

emission of DPA-AQ-DPA exhibits large Stokes shifts with increasing solvent polarity, indicating that the 

emission can be attributed to an ICT process. The charge separated (CS) state formed by ICT undergoes 

torsional dynamics, involving twisting between D and A, resulting in the formation of a twisted charge 

separated state (CStwisting). This twisting reaction between D and A is accelerated in high-polarity solvents 

compared with that in low-polarity solvents. This result indicates that the energy levels of CS and 

CStwisting states can be adjusted by controlling aspects of the local environment, such as solvents, so that 

intersystem crossing can be either inhibited or promoted. 
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Hierarchical nanostructures of V2O5 nanorods on WO3 Nanotubes 

toward a High-Performance Electrocatalyst 
 

Yukyung SHIN, Hyerim Oh, SOYEON KIM, Myung Hwa Kim* 

 
Chemistry and Nano Science, Ewha Womans University, Korea 

  

Electrospinning is one of the most facile methods to fabricate nanofibers from a mixed metal solution of 

precursors. We successfully synthesized Vanadium Pentoxide (V2O5) nanorods on Tungsten trioxide (WO3) 

nanotubes by combination of electrospinning process and thermal annealing using precursors of V2O5 and 

WO3. The hierarchically driven nanostructures of V2O5 nanorods and WO3 nanotubes were characterized 

by scanning electron microscopy (FE-SEM), X-ray diffraction (XRD) spectrum, X-ray photoelectron 

spectroscopy (XPS), Raman spectroscopy and high resolution transmission electron microscopy (HRTEM). 

Results indicate that the length of V2O5 nanorods is approximately 150-180nm with diameter of about 5-

10nm while WO3 nanotubes have uniform outer diameters around 280nm with full of small protuberances. 

Generally, tungsten oxide has been widely studied for diverse applications because of photocatalytic, 

intrinsic catalytic, and eletrocatalytic properties. And as a transition metal, Vanadium is known for high 

electrochemical performance and also has the possibility to catalyze the water splitting. Thus, we further 

investigated the electrocatalytic activities for the hydrogen evolution reaction (HER) and oxygen evolution 

reaction (OER) through synthesized V2O5-WO3 composite nanostructure depending on different atomic 

ratio of Vanadium and Tungsten and the calcination temperature toward future high performance 

electrocatalysts. 
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Targeting the cell organelle and the effect of cell division using 

Upconversion nanoparticles (UCNPs) 
 

Yeongchang Goh, Yo Han Song, Kang Taek Lee1,* 
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Lanthanide-doped upconversion nanoparticles (UCNPs) are useful probes in living cells because of a 

number of advantages such as photostability (no photoblinking and no photobleaching), minimized cellular 

autofluorescence and low level of photodamage to cells by the near infrared excitation. Recently, we took 

the advantages of UCNPs for 3D real-time imaging. The cellular uptake of nanoparticles is a dynamic 

process where the nanoparticles are internalized by mechanisms such as ATP hydrolysis-driven endocytosis 

and delivered to the cytoplasm, organelles, and nucleus. The number of internalized nanoparticles is 

important factor for the efficiency of drug or gene delivery system. However, the internalized nanoparticles 

can be diluted by cellular process such as cell division. To evaluate the number of internalized nanoparticles 

after cell division, UCNPs are targeted to cell organelles such as nucleus, mitochondria, etc. 
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Synthesis of Perovskite Quantum Dots and Their Optical Properties 

 

Hyeongyu Bae, Kang Taek Lee1,* 
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In recent years, there is an increasing demand for displays with high color reproducibility and high color 

purity, which can be realized using the materials with spectrally narrower emission. Recently, perovskite 

quantum dots have attracted interest because of their light absorption region, high exciton dissociation, and 

charge carrier transport characteristics. Especially, Methylammonium lead halide (MAPbX3, X = Cl, Br, I) 

perovskite quantum dots have a cubic structure of 5 nm to 15 nm in diameter. The emission wavelength of 

the perovskite quantum dots in the same composition can be shifted about 50 nm depending on the particle 

size because of quantum confinement effect. Also, by controlling the composition ratio of the halogen anion, 

it is possible to change the emission wavelength. Such perovskite quantum dots exhibit a high quantum 

efficiency of ~90 % or more for green, and a narrow full width at half maximum of 12-42 nm. 
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Upconversion nanoparticles (UCNPs) have attracted great attention as one of prominent nanomaterials 

because of their unique optical properties. In particular, their specific photostability such as non-blinking 

and non-bleaching behaviors has contributed greatly to the field of bioimaging and biosensors. Previously, 

we observed stochastic photon emission (SPEM) in core/shell UCNPs (NaYF4:Yb3+,Er3+/NaYF4), ranging 

from nanosecond to microsecond time scales. To the contrary to power-laws kinetics of most quantum dots, 

the off-state distribution of UCNPs follows an exponential kinetics. There have been growing interest 

recently in Nd3+-doped UCNPs that is excited by 808 nm light, that penetrate deeper than that by 980 nm. 

We report SPEM in Nd3+-doped UCNPs for the first time. This luminescence intermittency is attributed to 

the long lifetime of intermediate states of the dopant lanthanide ions. 
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Exfoliation of multilayer nanoplate in solution state: from stacking 

pattern dependence to exfoliation pattern sequence 
 

Inhyuk Jang, Bong June Sung* 
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Nanoplates such as graphene stack one another due to a strong van der Waals interaction between them. 

For example, two layers of graphene are stacked on each other in a Bernal-stacking pattern. We find in our 

recent simulation study that shear of a moderate shear rate would exfoliate the nanoplate bilayer in a Bernal-

stacking pattern readily. In this study, we perform canonical molecular dynamics simulations and steered 

molecular dynamics simulations for coarse-grained model of nanoplate tri- and multilayers. We investigate 

two different stacking patterns: Bernal (ABA) and rhombohedral (ABC). Our simulation shows that the 

free energy minima of these two patterns are slightly different from each other, approximately 0.7KBT, 

which is 6% of free energy barrier. We also find that the work required to exfoliate nanoplate trilayers is 

approximately half of that of the nanoplate bilayers. We try to suggest some molecular mechanism for 

exfoliation of tri- or multilayers of nanoplates in solution in terms of the stacking pattern. 
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Using Contact Map and Solvent Accessible Surface Area on Deep 

Learning Improves Protein Free Energy Prediction 
 

Woohyun Kim, Sihyun Ham1,* 
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Calculating the solvation free energy of a protein would require substantial computation and takes large 

resources. In this study, we have developed an algorithm that rapidly predict the solvation free energies as 

well as the internal potential energies of proteins. The algorithm is based on deep neural network (DNN) 

using the contact maps and residual solvent accessible surface areas (SASA) as input features. The contact 

map represents the distances between all residue pairs and the residual SASA was divided into polar and 

nonpolar contributions. We found that the accuracy of the prediction increases by using contact map and 

residual SASA together compared to using only contact map as input data. We conclude that the 

thermodynamic quantities of proteins can be predicted accurately and quickly with the algorithm proposed. 
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Calculation of the Spin-Orbital Coupling (SOC) Constants of the 

Pt(II)-Anthracene Complexes 
 

Youjin Kim, Dongwook Kim* 

 
Department of Chemistry, Kyonggi University, Korea 

  

The most striking property of the complexes of the following figure is that they show drastically different  

intersystem crossing (ISC) efficiency. Pt-1: 64%; Pt-2: 46 %; Pt-3: 1.7 %. Pt-3 shows an exceptionally low 

ISC efficiency. But the analogue, Pt-2, shows a moderate ISC efficiency. This is interesting because two 

Pt(II) atoms are coordinated to the anthracene moiety and Pt-3 should show efficient ISC, but the ISC 

efficiency is very low. Therefore, the main purpose of the computation is to explain this unexpected low 

ISC efficiency for Pt-3. What we wish to do with Computation : To calculate the SOC matrix elements of 

the complexes Pt-1, Pt-2, Pt-3 and Pt-Py, so that the different ISC efficiency of the complexes can be 

rationalized;It will be useful if the rate constants of the ISC can be calculated. 
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Theoretical Study on Dimer: Calculation result of position of Benzene 

and Pyridine Dimer 
 

ChanYoo Hong*, Dongwook Kim* 

 
Department of Chemistry, Kyonggi University, Korea 

  

The characteristics of excimer and exciton are very different. Theoretical calculations of dimer with  

benzene and pyridine, two molecules, are used to obtain physical characteristics based on the behavior 

along the distance. 
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Predicting the Solvation Free Energy of Alzheimer's Disease-induced 

Proteins Using Deep Learning 
 

Jungeun Kim, Sihyun Ham* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

Alzheimer's disease is known to be associated with the aggregation of Aβ42 and Tau43 proteins which are 

intrinsically disordered proteins (IDPs). Solvation free energies and internal energies of proteins reflect the 

free energy landscape of the proteins in water, and solvation free energy is also a key parameter to 

understand protein aggregation. In this study, we utilized the deep learning technique to develop machines 

predicting the solvation free energy of the proteins. We compared two machines using deep neural network 

(DNN) and convolution neural network (CNN), in which the contact maps of proteins are used directly or 

pre-processed by convolution. We report that the correlation coefficients between predicted and reference 

values of all the energies are greater than 0.90, and DNN predicts slightly better than CNN. This study also 

shows that protein contact maps are important input features for predicting solvation free energy. We 

believe that our result is useful in studying the thermodynamic properties of the proteins. 
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Sensitive detection of acetylene, ethylene and carbon dioxide using 

photoacoustic spectroscopy 
 

Junyoung Huh, Joong-Gill Choi* 
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Dissolved Gas Analysis is recognized as a power tool for monitoring and diagnosing of power transformer. 

Power transformer decomposes gases under abnormal operation condition. Among the gases, acetylene is 

an important monitoring parameter as well as ethylene and carbon dioxide. The current online DGA 

methods are restricted to problems such as reliability, cross sensitivity, and compatibility. In this paper, gas 

detection system based on photoacoustic spectroscopy is introduced to detect acetylene, carbon dioxide, 

and ethylene dissolved in transformer oil. 
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Serial femtosecond crystallography of an organic halide compound at 

PAL-XFEL 
 

Yunbeom Lee, Hyotcherl Ihee1,* 
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Recently, serial femtosecond crystallography (SFX) which is an arising crystallography technique, has 

attracted interests of various scientific fields. SFX utilizes highly bright and temporally short X-ray pulses 

generated from an X-ray free electron laser (XFEL). Thanks to the brightness of the X-ray, SFX employs 

a serial scheme in which a crystal is disposed or removed after a single exposure to an X-ray pulse, unlike 

conventional crystallography. With the aid of the serial scheme and ultrashort temporal width of the X-ray, 

SFX has been used to determine crystal structures without damage caused by X-ray. However, the 

application of SFX was focused on macromolecules such as proteins, even though SFX on a small molecule 

system has sufficient potential. Here, we present the results of X-ray diffraction image collection of a small 

molecule system (1,4-diiodobenzene) using SFX conducted at PAL-XFEL which is a new XFEL facility  

located in Pohang, Korea. The microcrystals of 1,4-diiodobenzene were dispersed in lipidic cubic phase 

(LCP) and delivered to the position where X-ray irradiates for diffraction. From the experiment, we verified  

that the serial X-ray diffraction image collection of a small molecule system was successful. This results 

will be a key for studying the structural dynamics of the organic halide using time-resolved serial 

femtosecond crystallography (TR-SFX) which can visualize the structural change in a crystal along time. 
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A theoretical study on TADF emitter, 3DPyM-pDTC, based on 

di(pyridinyl)methanone (DPyM) cores as the new electron-accepting 
units and di(tert-butyl)carbazole (DTC) as the electron-donating units 

 

Changhwan AHN, Dongwook Kim* 

 
Department of Chemistry, Kyonggi University, Korea 

  

Studies have been made on TADF emitters based on DPyM core, which is electron-accepting units, and di 

(tert-butyl) carbazole (DTC), which is an electron-donating unit. 3DPyM-pDTC, used as an emitter, which 

is structurally nearly planar with a very small ΔEST, shows higher color purity and quantum efficiency. The 

first excited singlet and triplet state energies of the 3DPyM-pDTC used in the study are investigated and a 

more detailed theoretical study is presented. 
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Nanoparticle positioning on the patterned DNA with varying sequence-

dependent flexibility 
 

Jeongeun Song, Suehyun Park, Jun Soo Kim* 
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DNA molecules have been actively researched in various areas such as genetics and nanotechnology 

because of its high utilization. In this work, we present a computational study on controlling DNA 

conformations by binding with positively charged nanoparticles, using Brownian dynamics simulations. 

Especially, we construct various patterned sequences of DNA molecule on which local flexibility varies 

with the sequence and investigate the binding of nanoparticles on the patterned DNA that depend on local 

flexibilit ies. The difference between flexible and stiff regions in a DNA chain results in nanoparticle 

positioning on specific regions in DNA. In intermediate concentration of nanoparticles, DNA and 

nanoparticles were observed to bind at the flexible sites of the DNA molecule. Whereas at high 

concentration of nanoparticles, aggregation of the nanoparticles bound to DNA occurs. 
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Measurements of complex refractive index change of photoactive 
yellow protein over a wide wavelength range using hyperspectral 

quantitative phase imaging 
 

young min kim, Hyotcherl Ihee1,* 
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A novel optical holographic technique is presented to simultaneously measure both the real and imaginary  

components of the complex refractive index (CRI) of a protein solution over a wide visible wavelength 

range. Quantitative phase imaging was employed to precisely measure the optical field transmitted from a 

protein solution, from which the CRIs of the protein solution were retrieved using the Fourier light 

scattering technique. Using this method, we characterized the CRIs of the two dominant structural states of 

a photoactive yellow protein solution over a broad wavelength range (461–582 nm). The significant CRI 

deviation between the two structural states was quantified and analysed. The results of both states show the 

similar overall shape of the expected rRI obtained from the Kramers–Kronig relations. 
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Phosphorescence Efficiency of Cyclometalated Iridium Complex by 

Substituted o-Carboranes - A Computational Study 
 

Saibal Jana, Sang Uck Lee1,* 
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1Department of Bio-Nano Engineering, Hanyang University, Korea 

  

Cyclometalated iridium (III) complexes are widely used as highly efficient color-tunable emitters in organic 

light emitting diodes (OLEDs) and solid-state lightning due to their excellent photophysical properties such 

as good color purity, high quantum efficiency, relatively short phosphorescence lifetime, and high thermal 

stability. The successful demonstration of the iridium (III) cyclometalates in OLED applications is mainly  

attributed to the facile control over the emissive lowest-lying triplet excited states (3MLCT and 3ππ*) by 

modifying the electronic structure of the cyclometalating (C^N) ligand. Introduction of substituents with 

different electronic effects (inductive and/or conjugation effects) on the C^N ligand has enabled the control 

of the energy levels for the HOMOs and LUMOs that determine the excited-state energy.Owing to growing 

interest in blue emitters for OLED applications, the wide band gap of the iridium (III) cyclometalates have 

received great attention. The modification of the C^N ligands is also an alternative way to increase the band 

gap energy. As a novel substituent on the C^N ligand, o-carborane (1,2-closo-C2B10H12) attracts growing 

interest because it may serve not only as a steric auxiliary to suppress quenching of solid state emission but 

also offer an electronic effect to alter the band gap and phosphorescence efficiency.The focus of this 

presentation is to explain the theoretical insight into the crucial role in controlling phosphorescence 

efficiency of the substituted o-carborane iridium (III) cyclometalates. 
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Structural Determination of a Transient Isomer of CH2I2 by Time-

resolved X-ray Solution Scattering 
 

Sungjun Park, Hyotcherl Ihee* 
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We have investigated the structural dynamics of photolysis of CH2I2 in methanol solution by using time-

resolved X-ray solution scattering. Reaction mechanism of photolysis of CH2I2 were elucidated with high 

accuracy at both short and long time delays. Upon 267 nm photoexcitation, CH2I2 rapidly dissociates via 

both radical and isomer pathways with a 45:55 branching ratio. After 300 ps, iso-CH2I-I is converted into 

CH2I + I or CH2I2, and at the same time iodine radical undergoes non-geminate recombination and electron 

transfer with surrounding methanol molecules. At longer time delays, CH2I radical and I2- ion are dominant 

reaction intermediates. With the aid of time-resolved X-ray solution scattering technique, we established 

accurate and detailed reaction mechanism of photolysis of CH2I2 in methanol. In addition, detailed 

structural dynamics for the changes in the solvent temperature and density as a function of time were also 

revealed. 
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Cancer Biomarker Sensor based on Three-Dimensional Carbon 

Nanotubes network structure in the Microfluidic Platform 
 

Su Jin Park, Fadilatul Jannah1, Haiwon Lee* 

 
Department of Chemistry, Hanyang University, Korea 

1Chemistry, Hanyang University, Korea 

  

A hierarchical carbon nanotubes three-dimensional network structure (3DN-CNTs) has been introduced as 

an effective system for biomarker recognition in the microfluidic platform.(1) Quantification of the 

biomarker was performed using fluorescence-based immunoassay. The capturing efficiency of the 

biomarker was enhanced because of the high surface area of the 3DN-CNTs system. As point-of-care-

diagnostic system, this platform has high sensitivity, small sample volume requirement, and short detection 

time compared to the static system. Microfluidic system can be a platform for detection of cancer 

biomarkers in a short time due to local topographic interaction with the analytes. As a result, this platform 

has similar limit of the detection with commercialized immunoassay method (1 ng/ml) while the sample 

volume requirement and detection time was decreased dramatically. The detection time of cancer biomarker 

CA125 in fluidic system was decreased approximately one-third (38 minutes) compared to the static system 

which is applicable for point-of-care-diagnostics system. Our microfluidic platform can be used to facilitate 

sensitive and specific detection of cancer biomarker in the biological and clinical fields. References 1. J. E. 

Seo, T. J. Lee, S. B. Ko, H. G. Yeo, S. H. Kim, T. Y. Noh, S. M. Song, M. M. Sung and H. W. Lee, 

“Hierarchical and Multifunctional Three-dimensional Network of Carbon Nanotubes for Microfluidic 

Applications”, Adv. Materials., Vol. 24, No. 15, pp. 1975-1979, 2012 
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Subdiffusion of a dynamic tracer confined in a flexible polymer 

network 
 

Haein Kim, Jun Soo Kim* 
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In this study, we perform a Brownian dynamics simulation on the diffusion of a tracer particle confined in 

a regularly crosslinked 3-dimensional polymer network when the tracer size is comparable to the mesh size 

of the network. Polymer networks are varied in different mesh sizes and compressed to the same total 

densities. In all cases, the confined tracer shows subdiffusion, being slowed down on intermediate time 

scales, followed by the normal diffusion at long times. When the network strands are stretched tight and 

stiffly with smaller mesh size, the confinement effect on the tracer diffusion becomes more significant. We 

analyzed the time scales of dynamic transitions in terms of the probability distribution of time-correlated  

tracer particle displacements. 
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Cancer Biomarker Recognition Sensor Based on the Hierarchical 
Carbon Nanotubes Three-Dimensional Structures Using Surface 

Enhanced Raman Spectroscopy 
 

JinWoo Leem, Fadilatul Jannah1, jihoon kang2, Haiwon Lee* 
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We designed a SERS based on immunoassay sensor using the three-dimensional network of carbon 

nanotubes (3DN-CNTs) having a large contact area for cancer detection and diagnosis. The platform has 

many advantages such as high sensitivity, and small sample volume requirement for analysis. Three-

dimensional network of carbon nanotubes has a net like structure which enhances the surface area. In this 

study, the detection of oral cancer biomarker CA125 is analyzed by SERS mapping method. Antigen 

biomarkers can be quantitatively assayed by the changing intensity of specific SERS peak.(1) SERS mapping 

images were used for the peak area at 1615 cm-1 for 5 different CA125 biomarker concentration in the 10-

12 ~ 10-6 g/ml range and represented by 20 x 20 pixels. As the result, limit of detection of 3DN-CNTs was 

below 100 ng/ml and this value was 3 times higher than that of 2D planar substrate. The platform will be 

an attractive tool as a sensor for cancer biomarker detection. References 1. Lee, M., Lee, K., Kim, K. H., 

Oh, K. W. and Choo, J. Lab on a Chip, 2012, 12, 3720-3727 
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Dynamics of Charge Carriers in Perovskite Solar Cells Using CuSCN 

as Hole Transport Material 
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Perovskite Solar Cells (PSCs) have attracted much interest as a high-efficiency nanoscale solar cells. The 

PSCs consist of organic-inorganic halide perovskite (CH3NH3PbI3) sensitizer, hole transport materials  

(HTMs), electron transport materials, and electrodes. Among them, HTM plays a key role in the 

performance of the device. Organic materials such as Spiro-OMeTAD have been mainly used as HTM, but 

most of them are expensive. As an alternative, there have been efforts to develop more economical HTM 

materials, and CuSCN is one of the promising materials for HTM. In fact, PSCs employing the CuSCN 

HTM was reported and exhibited the power conversion efficiency larger than 17 %. In this presentation, 

we investigated the dynamics of charge carriers in PSCs employing CuSCN HTM by using time-resolved  

spectroscopies. In particular, by applying time-resolved photoluminescence (TR-PL) and transient 

absorption (TA) spectroscopies to CuSCN-based PSCs, we observed the dynamics of charge injection and 

charge recombination on nanosecond timescales. 
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Exploiting product molecule number to consider reaction rate 

fluctuation in elementary reactions 
 

Seong-jun Park, Ji-Hyun Kim*, Jaeyoung Sung* 
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In many chemical reactions, reaction rate fluctuation is inevitable. Reaction rates are different whenever 

chemical reaction occurs due to their dependence on the number of reaction events or the product number. 

As such, understanding the impact of rate fluctuation on product number counting statistics is of the utmost 

importance when developing a quantitative explanation of chemical reactions. In this work, we present a 

master equation that describes reaction rates as a function of product number and time. Our equal reveals 

the relationship between the reaction rate and product number fluctuation. Product number counting 

statistics uncovers a stochastic property of the product number; product number directly manipulates the 

reaction rate. Specifically, we find that product number shows super-Poisson characteristics when the 

product number increases, inducing an increase in the reaction rate. While, on the other hand, when the 

product number shows sub-Poisson characteristics with an increase in the product number, this induces a 

decrease in the reaction rate. Furthermore, our analysis exploits reaction rate fluctuation, enabling the 

quantification of the deviation of an elementary reaction process from a renewal process. 
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White-light interferometer for measurement of dispersive properties of 

optical setups 
 

Jungsoo Ahn, Taiha Joo* 
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An accurate determination of dispersive properties of an optical system is one of the crucial point in the 

field of femtosecond spectroscopy. Group velocity dispersion (GVD), and third order dispersion (TOD) are 

representative dispersive properties when about tens of femtosecond temporal width of pulse needed. 

Measuring exact GVD and TOD of optical system facilitates us to generate or retain pulses in femtosecond 

regime through the whole optical system. For this reason, there have been various white-light interferomter 

setups, generally equipped with halogen lamp as incoherent white-light source, as a method of measuring 

the dispersive properties. In this work, we show improved way to measure GVD and TOD of fairly complex 

setup. Measured GVD of UV fused silica window, and broadband oscillation compensated chirped mirro r 

pairs is shown as an example of accuracy of the measurement. In addition to that, the GVD of cryostat also 

shown as another point of the interferometry, the complexity of possible measurement. 
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Synthesis of Ag@Cu2O core-shell nanoparticles and their application 

for SERS 
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Localized surface plasmon resonance (LSPR), which occurs in roughened metal nanoparticles (NPs), has 

been the most important source of SERS enhancement, and various types of metal nanoparticles have been 

developed so far. Among the metal nanoparticles, AgNP generates a strong electromagnetic field and is 

most widely used in SERS study. In addition to electromagnetic field effect, an additional source of SERS 

enhancement is the chemical enhancement effect, in which the polarizability is increased by charge transfer 

from the atomic band of the nanoparticle used as the substrate to the analyte. Noble metal/semiconductor 

nanocomposites can expect both electromagnetic field and chemical enhancement effects. In this study, we 

synthesized Ag@Cu2O core-shell nanoparticle and investigated its properties and possible of application 

for the detection of effective biomaterials. 
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The study of Azide probes : Comparison of primary, secondary and 

aromatic series 
 

JunYoung Park, Hyeok-Jun Kwon, Hogyu Han, kyungwon Kwak, MINHAENG CHO* 
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As IR probe of side chain dynamics, the azide group has been used as local environmental probe. It is useful 

study of dynamics and structure. It has been found that azide probe has large extinction coefficient. It means 

that it has the potential to make low concentration protein samples. However, It has weak point like fermi 

resonance. Also, Azide probe has short lifetime. This points make less attractive in IR probe study. In this 

paper , Selectively isotopic labeling lead to increase the energy difference between the azide asymmetric 

stretch vibration and the Fermi resonance. Prof. Han’s group developed selective β-position synthesis of 
15N labeled aliphatic azide compounds. We experiments on primary, secondary and aromatic azide samples. 

In DMF, vibrational lifetime of azide derivatives, (1) Ac-Ala-NNN (2) Ac-Ala-N15NN (3) Phe-Ala-α-NNN 

(4) Phe-Ala-α-N15NN (5) Phe-Ala-p-NNN (6) Phe-Ala-p-N15NN, are determined to be (1) 3.75 ± 0.37 ps 

(2) 3.78 ± 0.24 ps (3) 3.85 ± 0.38 ps (4) 2.53 ± 0.21 (5) 2.75 ± 0.25 ps (6) 5.33 ± 1.41 ps. We find that 

vibrational relaxation dynamics of azides probe in a nonmonotonic manner. In particular, the longer 

vibrational lifetime of Phe-Ala-p-N15NN makes it more useful IR probe at 2D IR measurements. It means 

larger signals at longer time scale. However, In 2D IR measurement, Phe-Ala-p-N15NN has fermi resonance. 

The study demonstrates the use of isotropic azide probe to measure side chain dynamics also need to 

consider the other factors such as life time, fermi resonance in 2D IR probes for studying proteins. 
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Structural effects on polymer-substrate interfaces studied by optical 

spectroscopy 
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Semiconducting polymers have attracted wide attention from fundamental science to industrial applications, 

which originates from their useful characteristics such as easy manufacture of thin-film devices and 

considerable charge-carrier conductivity. Since they are commonly used in electronic devices, one of the 

most important properties of semiconducting polymer films is their bandgap that affects the overall device 

performance. The bandgap of semiconducting polymers is mainly determined by well-conjugated π-

electronic part of the polymer that may constitute the “chromophore”. However, other factors such as 

stereochemistry between the repeated units or arrangement of saturated aliphatic chain moiety often affect 

the bandgap as well, because they can modify the degree of aggregation of chromophores. In this work, we 

studied the effects of polymer structure and stereochemistry on the properties of thin films, especially on 

interfacial bandgap, using non-invasive optical spectroscopy. 
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Computational study of PE:PC ratio lipids; membrane fluidity, lipid 

composition, and simulation setup 
 

Cheol hee Kim, Eunae Kim* 
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In biology, membrane fluidity is related on a variety of key cellular processes and for proper function of 

membrane proteins. The membrane fluidity can be affected by a number of factors. The membrane 

phospholipids incorporate fatty acid tails of varying length and saturation. On the molecular level, lipids 

with shorter chains are less stiff and less viscous. Lipid chains with carbon-carbon double bonds 

(unsaturated) are more fluid than lipids that are saturated with hydrogens and thus have only single bonds. 

Depending on temperature, diunsaturated lipid has more stable fluidity than saturated lipid. To compare 

with the experiments, we focus on the composition of a membrane and dependence of temperature in four 

types of lipids; 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC, synthetic), 1-palmitoyl-2-oleoyl-s n -

glycero-3-phosphocholine (POPC, eukaryoric), 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE, 

diunsaturated), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE, monounsaturated). Lipid  

systems with various ratio are performed by molecular dynamic simulation depending on the different  

temperatures; 293, 303, 310, 323 K. The lipid force field refers to MARTINI force field as a coarse-grained 

(CG) model, which has advantages with cheap computation expense and fast computational speed. All 

molecular dynamics simulation is run using GROMACS software. According to the results of the 

simulations, we can show that the chemical/physical properties of modeled lipid membrane are consistent 

with the experimental data. 
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Vibrational circular dichroism spectroscopy of jet-cooled chiral 

molecules 
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Vibrational circular dichroism (VCD) spectroscopy is differential absorption between left-handed and 

right-handed circularly polarized light in IR region. We have developed VCD spectroscopy applicable to 

gas phase chiral molecules. Circular polarized IR laser pulses alternating left-handed and right-handed were 

generated using photoelastic modulator. Chiral molecules in a supersonic jet were irradiated with circularly  

polarized IR laser pulses and ionized with UV laser pulses by resonance-enhanced multi photon ionization 

(REMPI). We investigated that the enantiomeric pair of the chiral molecule shows opposite sign in OH 

stretch region with good S/N ratio. 
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Surface Adsorption on Gold Nanoparticles Assisted by CTAB 
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Intrinsically small Raman signals are enormously enhanced when organic molecules are adsorbed on metal 

nanosurfaces of specific shapes, sizes, or kinds. This is called surface enhanced Raman spectroscopy 

(SERS), and the surface adsorption of a molecule can be inferred by the spectral features of surface 

enhanced Raman (SER) spectra of adsorbates. In this research, a simple method of modifying surface 

properties of citrate-reduced gold nanoparticles (AuNP) using cetyl trimethylammonium bromide (CTAB) 

has been investigated. Many organic molecules including hydroxyanthraquinone derivatives (HAQs), 

flavonoids, and many natural and artificial drug molecules which do not have any functional group for 

efficient surface adsorption on silver or gold nanoparticles may be difficult to be applied to many vibrational 

sensors using SERS. In this research, the surface of citrate-reduced gold nanoparticles were modified with  

CTAB for the efficient aggregation which is in many cases the prerequisite of huge SER enhancements. 

The SERS of HAQs and many other adsorbates were greatly enhanced after the optimization of the CTAB 

concentration and it seems that CTAB is inevitable in the efficient aggregation of the AuNP and Raman  

enhancements due to induced surface plasmon of aggregates. In addition, the changes in the surface 

adsorption geomentry and molecular structure of alizarin (1, 2-dihydroxyanthraquinone) have been 

investigated by changing the solution pH. 
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Substituent Effect on Photoisomerization Dynamics of trans-Stilbene 

 

Dong-gu Kang, Kyung Chul Woo, Sang Kyu Kim* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Photoisomerization that would change the molecular structure like trans-cis or E/Z isomers is one of the 

fundamental photochemical reactions. It has been well established that stilbene (or 1,2-diphenylethene) 

upon S0 → S1 optical transition distorts the ethylenic bond and forms a perpendicular nuclear configuration 

P with symmetry-breaking S0-S1 interaction. The P state turns ground-state cis isomer via nonadiabatic 

pathway. Its application using intramolecular torsion of the phenyl groups around the C=C bond serve as a 

prototype of the molecular rotor. Here, we have studied time-resolved electronic and vibrational dynamics 

of stilbene derivatives in acetonitrile solution with transient absorption and resonance femtosecond 

stimulated Raman spectroscopy. The substituted effects as electron donor and withdrawer from cyano, 

formyl, and methoxy groups may perturb the pi conjugation and must change the lifetime of the P state and 

photoisomerization. We will present the comparison of excited-state absorption spectra on the range from 

UV to Vis region and ultrafast excited Raman stokes spectra of each substituted stilbenes. 
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Elucidating the molecular origin of the stronger aggregation 

propensity of Aβ42 than Aβ40 
 

Yuxi Lin, Sihyun Ham* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

The self-assembly of the amyloid-β (Aβ) peptides is strongly related to the pathogenesis of Alzheimer’s  

disease. Among Aβ peptide alloforms, amyloid-β1-40 (Aβ40) and amyloid-β1-42 (Aβ42) are the most 

abundant ones in the human body. Although Aβ42 differs only by the additional I41A42 residues in the C-

terminus, it exhibits a greater tendency to aggregate and much higher toxicity to neurons than Aβ40. Here, 

we investigated the molecular factors that influence the aggregation potential of Aβ42 and Aβ40, based on 

molecular dynamics simulations combined with solvation thermodynamic analyses. Although the two 

variants display structurally similar topologies, a slightly enhanced β-sheet forming tendency is observed 

in the C-terminal region of Aβ42 as compared to Aβ40. The thermodynamic decomposition analysis 

indicates that C-terminal region substantially increases the solvation free energy of Aβ42, which can be 

rationalized by the further dehydration of this region due to its enhanced formation of β-structure. Together 

with two additional hydrophobic residues (I41A42), this leads to the higher solvation free energy of Aβ42, 

implying a larger water-mediated attraction between Aβ42 monomers for the self-assembly. Our results 

provide structural and thermodynamic understanding on the role of the C-terminal region in increasing the 

aggregation propensity of Aβ42 relative to Aβ40 in aqueous solution. 
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Hetero-spectral 2D correlation analysis of the denaturation process of 

α-lactalbumin by fluorescence and IR spectroscopies 
 

YUJEONG PARK, Yeonju Park, Young Mee Jung* 

 
Department of Chemistry, Kangwon National University, Korea 

  

It is important to understand the denaturation mechanism of protein because it provides fundamental 

knowledge in the study of disease caused by protein denaturation. A representative whey protein, α-

lactalbumin undergoes an intermediate state at a specific pH during denaturation process. In this study, the 

pH-induced denaturation process of α-lactalbumin was explored by fluorescence and IR spectroscopies. 

Principal component analysis (PCA) and hetero-spectral two-dimensional correlation spectroscopy 

(2DCOS) were used to understand denaturation mechanism of α-lactalbumin. Details on the results of pH-

induced fluorescence and IR spectral changes of α-lactalbumin will be discussed in this presentation. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: PHYS.P-214 

Area: Physical Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Determination of Organophosphorus compound using surface-

enhanced Raman scattering 
 

Joohee Oh, Eungyeong Park1, Sila Jin, Yeonju Park, Young Mee Jung* 

 
Department of Chemistry, Kangwon National University, Korea 

1Kangwon National University, Korea 

  

Organophosphorus compounds have been used extensively as pesticides and herbicides in the agricultural 

industry. However it has been modified to produce more toxic compounds during World War II, therefore, 

they are also called nerve agents. Nerve agents can be divided into two categories, V-series and G-series . 

The G-series has high volatility and non-continuity. V-series has no odor, high viscosity and low volatility. 

And because it is highly persistent and has no taste or flavor, it poses a greater risk of exposure to the human 

body. It is important to detect these substances quickly and effectively because they are often used in war 

or terrorist attacks. Surface-enhanced Raman scattering (SERS) is an ultrasensitive spectroscopic technique, 

with great potential for high-throughput detection as well as for providing rich structural information. In 

this study, SERS was used to detect nerve agent simulants such as dimethyl methylphosphonate (DMMP) 

and triethyl phosphate (TEP). Details on the result of detecting nerve agent simulants using SERS will be 

discussed in the presentation. 
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Substituent Effect of Chloromethyl along the Positions on Benzoyl 

Chloride System in Solvolys 
 

Kyoung-Ho Park 

 
Department of Applied Chemistry, Hanyang University, Korea 

  

The oomaprison of three derivatives that the benzoyl chloride system contining a single chloromethyl 

substituent was performed by the Grunwald-Winstein equations, the solvent isotope effect and activation 

parameters. The chloromethyl substituent has chlorine atom on mehtyl group, so it does not have a 

resonance effect toward benzoyl chloride system. It has only the steric hindrance and the inductive effect 

due to the competition of a electron donating methyl and a strong electonegative chlorine atom. In 

conclusion, the solvolysis mechanism of chloromethylbenzoyl chloride was increased the ionization  

character by moving the substituent from meta to para-postion. This aspect is interpreted that the meta-

postion is not active site for the inductive effect of chloromethyl substituent on benzoyl chloride system, 

but para-chloromethylbenzoyl chloride does well. So the meta-substituted compound has the addition-

elimination mechanism in nucleophilic solvents, while the para-substituted compound has the associative 

SN2 mechanism in same condition. Specially, ortho-compound has the dissociative SN2 mechanism in all 

solvents, because of the steric hindrance. 
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Excited state intramolecular proton transfer of curcumin and the 
solvation dynamics studied by time-resolved Raman spectroscopy 

 

Myungsam Jen, Sebok Lee, JOONWOO KIM, kooknam jeon, YOONSOO PANG* 

 
Department of Chemistry, Gwangju Institute of Science and Technology, Korea 

  

Curcumin has been of great interest in chemistry and related disciplines for the applications to antioxidant, 

anti-inflammatory, protein aggregation prevention, etc. Several time-resolved spectroscopic studies were 

performed on the chemical reaction of curcumin in aqueous environments. Recently, the excited state 

intramolecular proton transfer (ESIPT) and solvation dynamics of curcumin in polar protic and aprotic 

solvents were also studied by fluorescence upconversion spectroscopy, where the solvent polarity 

dependent reactions occurring in ~100 ps were reported. In protic solvents, the intermolecular hydrogen 

bonds formed within the center chelate ring of curcumin may facilitate the nonradiative deactivation process 

to result reduced quantum yields. The detailed structural changes of curcumin during the ESIPT process in 

various solvent environments have not been investigated in detail, thus in this study the excited state 

dynamics of curcumin and the subsequent solvation dynamics of several organic solvents were explored by 

femtosecond stimulated Raman spectroscopy which can provide structural information of probe molecules  

with high temporal ( 
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Two-color UCNP-STED microscopy by using 1540 nm laser 

 

Kyujin Shin, Eunsang Lee, Kang Taek Lee* 

 
Department of Chemistry, Gwangju Institute of Science and Technology, Korea 

  

Lanthanide-doped upconversion nanoparticle, which is more advantageous than conventional fluorescence 

probes due to its outstanding photo-stability, enabling bioimaging and single particle tracking without any 

photo-bleaching or blinking. Although various super-resolution microscopy techniques have been 

developed, they all suffer from the photo-bleaching or blinking of imaging probes. Recently, upconversion 

nanoparticle (UCNP) based super-resolution imaging have attracted enormous interest. In this study, we 

propose a UCNP based STED imaging method by using 1540 nm STED beam. The emission of Yb3+,Er3+ 

and Yb3+,Tm3+ UCNPs could be modulated by emission depletion of the intermediate state which interacts 

resonantly with 1540 nm depletion beam. Thus, we can achieve two color STED image in live cell 

efficiently by employing Yb3+,Er3+ and Yb3+,Tm3+ UCNPs with single STED beam. 
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Reflective color pixels using period dependent phase shifts in 

nanogratings 
 

Kyungmin Jung, June Sang Lee, Dong Ha Kim, Jerome Hyun* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Color pixels based on inorganic nanostructures are attracting increasing attention especially from the 

display industry as conventional organic color pixels have shown shortcomings in lifetime and stability. To 

this end, many kinds of reflective color pixels have been reported but have shown low contrast due to the 

bright background under bright-field illumination. Additionally, fabrication for making these filters has 

involved complicated and long processes. In this work, we demonstrate a one-step lithographic process for 

producing reflective color pixels that exhibit strong contrast. The color pixels are formed from nanogratings 

consisting of periodic etches in PMMA on a copper substrate. High contrast colors can be observed when 

the polarization of the incoming light and reflected light are oriented orthogonal to one another, and the 

grating is rotated 45 degrees relative to either one of the polarizations. Owing to the cross-polarized 

reflective mode, a dark background results which is essential for achieving high contrast pixels. The pixels  

show colors because of phase shifts arising from two contributions: Wood’s anomaly and formation of 

surface plasmonic polaritons. This enables colors to be tuned by changing the periodicity of the gratings. 

These results suggest intriguing possibilities for producing low-cost vivid color pixels. 
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Photo-degradation mechanism of the iridium complex FIrpic in 

various OLED host materials 
 

Sohyeon Bae, JUNG BAE SON, Seong Keun Kim* 

 
Division of Chemistry, Seoul National University, Korea 

  

Extended operation of organic light-emitting diodes (OLEDs) results in materials degradation, which gives 

the most frequently used blue iridium complex its short lifetime. To investigate the degradation mechanism 

of the blue iridium complex FIrpic, we used photo-induced degradation to mimic the operational damage 

of OLEDs. We observed a loss of photoluminescence after light irradiation and found that the intensity loss 

was dependent on the types of host molecules surrounding FIrpic. We also measured the activation energy 

from the triplet metal to ligand charge transfer state (3MLCT) to the triplet metal-centered state (3MC) of 

FIrpic in various kinds of host materials. The activation energy was shown to correlate with the photo-

stability of FIrpic in different host materials. We suggest that the transition to 3MC is the main culprit for 

the degradation of the FIrpic and blue OLED devices. 
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DFT Study of Photophysical Properties of Phenanthroimidazole-

triarylborane Dyads 
 

Ji Hye Lee, Kang Mun Lee, Hyonseok Hwang* 

 
Department of Chemistry, Kangwon National University, Korea 

  

Phenanthroimidazole-based derivatives have received great attention as promising attractive molecular 

scaffolds for optoelectronic materials of organic light-emitting diodes (OLEDs), dye-sensitized solar cells, 

and effective mother-luminophores of fluorescent chemosensors for detecting cations. In order to 

investigate the photophysical properties of all phenanthroimidazole-triarylborane dyads, density functional 

theory (DFT) calculations were performed. From the calculation results, we tried to analyze the UV-vis  

absorption and photoluminescence (PL) spectra obtained from the experiments. The results indicate that 

the high-energy emission corresponds to π- π* transition of the phenanthroimidazole portion, whereas the 

low-energy emission origiginates from the intramolecular charge transfer (ICT) transition between 

phenanthroimidazole and triarylborane moiety. 
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Molecular Dynamics Simulation Analysis of Structural and 

Thermodynamic Behaviors of the Permeation of β-D-Glucose 
Conformers through a Cyclic Peptide Nanotube 

 

Yeonho Song, Hyonseok Hwang* 

 
Department of Chemistry, Kangwon National University, Korea 

  

In this presentation, we show energetics and conformational behaviors of the translocation of two different 

β-D-glucose conformers through a cyclic peptide nanotube (CPN), 8 × cyclo[-(Trp-D-Leu)4-Gln-D-Leu- ], 

in DMPC membrane systems using molecular dynamics (MD) simulations. The β-D-Glucose has two 

distinct conformational structures of chair form such as an equatorial (4C1) or axial (1C4) form. We 

investigated the effects of the conformational difference of the two glucoses on their transport behaviors 

through the CPN. In terms of energetics, we performed the potential of mean force (PMF) calculations 

using the adaptive biasing force (ABF) method. In addition, we calculated thermodynamic integration (TI) 

decomposition profiles to assess which interaction gives a major contribution to the free energy differences. 

The number of hydrogen bonds and radial distribution functions are also calculated to examine the effects 

of structural differences between 4C1 and 1C4 β-D-glucoses through the CPN. It turns out that because the 
4C1 and 1C4 form of β-D-glucose possess different stable structures inside the CPN, the hydrogen bond 

network and intermolecular interactions are formed in a dissimilar manner, leading to the energetic 

difference between the two conformers through the CPN. 
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Fluorescence Enhancement and Energy Transfer of Dyes on 

Homogeneous Silver Colloidal Surfaces 
 

Daedu Lee, jaebeom lee1, Junghyun Song, YOONSOO PANG* 

 
Department of Chemistry, Gwangju Institute of Science and Technology, Korea 

1Department of Physics and Photon Science Chemistry, Gwangju Institute of Science and Technology, 

Korea 

  

Metal-enhanced fluorescence (MEF) has been of great interest in applications of organic optoelectronics, 

optical sensors, bioassays, etc. due to large emission enhancements and the increased photostability. MEF 

is understood as mainly originating from the electric field increase by the surface plasmon of metal 

nanoparticles and the plasmon coupled emission of metal nanoparticles, but the exact mechanism of the 

MEF is not yet clear. In our previous study, we found that an ultrafast energy transfer may play an important  

role in the MEF, but faced the limitation of the inhomogeneity of silver island surfaces for further studies. 

Thus, homogeneous silver colloidal films (SCFs) composed of silver particles of 70-200 nm in diameter 

were synthesized in this study and the MEF and ultrafast energy transfer between dyes and nanoparticles 

were explored by time-resolved fluorescence spectroscopy. The SPR bands of homogeneous SCFs  

appeared in ultraviolet to visible wavelengths depending on the particle sizes, and exhibited much narrower 

bandwidth than those of inhomogeneous silver island surfaces. We observed that the fluorescence of DCM 

and Rh700 were strongly enhanced with SCFs whose SPR bands are overlapped with the emission spectra 

or placed between the absorption and emission spectra of dyes. By the time-resolved fluorescence 

measurement and FDTD simulations, relative contributions of the excitation and emission enhancement to 

the observed fluorescence enhancements of DCM and Rh700 were analyzed. It is found that the MEF of 

these dyes are predominantly originated from the excitation enhancement by the local electric field  

increasements. 
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Conformationally resolved spectra of 3-aminophenol by combination 
of resonance-enhanced multiphoton ionization (REMPI) spectroscopy 

and multivariate curve resolution (MCR) method 
 

MyeongWon Jeon, HEEJUN AN1, Hyuk Kang2,* 

 
The Department of Energy Systems Research, Ajou University, Korea 

1The Department of Energy Systems Research(DESR), Ajou University, Korea 
2Department of Chemistry, Ajou University, Korea 

  

Resonance enhanced multi-photon ionization (REMPI) combined with supersonic expansion and time-of-

flight mass spectrometry (TOF-MS) has been a standard tool for laser spectroscopy of gas-phase molecules. 

It offers mass-resolved high-resolution UV spectra containing information of the vibronic states of the 

molecules in the absence of inhomogeneous broadening. It further renders conformation-specific UV or IR 

spectra when a second UV or IR laser is introduced and double-resonance spectroscopy is performed. In 

this study we aim to resolve REMPI spectra of mixed conformers by 2D correlation spectroscopy. A series 

of REMPI spectra are taken with a single UV laser varying an experimental parameter, and analyzed by a 

multivariate curve resolution (MCR) method. MCR is a novel theoretical approach to resolve the spectrum 

of mixed components into a pure spectrum of each component. REMPI spectra of 3-aminophenol, a simple 

molecule with only two conformers, were taken with varying experimental parameters like pulse valve-

laser delay and laser power, and analyzed by MCR method as a proof-of-concept. 
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Excited State Dynamics of Dyes Confined in Reverse Micelles 

 

Gisang Lee, Taehyung Jang, YOONSOO PANG* 

 
Department of Chemistry, Gwangju Institute of Science and Technology, Korea 

  

Photo-induced intramolecular charge transfer (ICT) processes in dye molecules have been of great interest 

in biology and chemistry fields for the applications to solar energy conversion, photovoltaics, fluorescence 

sensing, etc. When the electron donor and acceptor groups are connected by π-conjugation bridge inside 

the chromophore, a torsional relaxation involved with intramolecular charge transfer states is often found. 

DNBP (4-dimethylamino-4'-nitrobiphenyl) is one of the examples, where two phenyl rings each with donor 

and acceptor functional groups are connected by a C-C single bond. The torsional angle between two phenyl 

rings becomes ~40 degrees in the ground state, but the ICT with the changes in the inter-phenyl torsional 

angle has been found in the excited state upon photo-excitation. The ICT dynamics of DNBP showed strong 

dependence on the solvent polarity and viscosity. In this research, excited state ICT dynamics of DNBP 

and related chromophores in various solvents and also in the confined geometry of reverse micelles were 

investigated by TCSPC (time-correlated single photon counting) and femtosecond transient absorption 

spectroscopy. Absorption and emission spectra of DNBPs are strongly affected by solvent properties like 

polarity and viscosity. Moreover, encapsulation of DNBP in reverse micelles provided strong emission 

enhancements with spectral shifts compared to the case of bulk. Structural changes of DNBPs in the ICT 

state strongly dependent on the reverse micelle size will also be explored for the confinement effect in the 

excited state dynamics. 
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Molecules in the intramolecular charge transfer states probed by 

ultrafast vibrational spectroscopy 
 

Sebok Lee, Myungsam Jen, kooknam jeon, JOONWOO KIM, YOONSOO PANG* 
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Intramolecular charge transfer (ICT) reaction has been of great interest in chemistry and related disciplines 

due to potential applications to chemical reaction control, molecular electronics, etc.. Femtosecond time-

resolved spectroscopy has been successfully adopted to investigate the dynamics of the ICT process usually 

occurring in sub-picosecond time scales. Numerous experimental and theoretical investigations on the 

structural nature of the ICT state of a laser dye DCM, for example still leaves an unfinished debates on the 

geometry of "twisted" vs. "planar". Femtosecond stimulated Raman spectroscopy with both high temporal 

(-1) resolutions may be able to answer this question on the charge transfer state.In this work, the structural 

changes accompanying the ICT process in many dyes with both electron donating and accepting groups 

have been investigated and the ICT process of DCM occurring within ~1 ps and being followed by 

vibrational relaxation of ~5 ps was evidenced by the population changes and frequency shifts of many 

excited state Raman bands including ν(C≡N), δ(C=C/C-C), and δ(CH3). The changes in the ICT dynamics 

due to small perturbations in the molecular structure of electron donator or acceptor have also been 

investigated and theoretical investigation by the TDDFT simulations will also be added to widen our 

understand on the ICT state. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: PHYS.P-226 

Area: Physical Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Time-Resolved Imaging of Laser Induced Cavitation Bubbles (LICBs) 

Dynamics by Pulsed Laser Ablation in Liquid Phase: The Effect of 
Various Solvents 

 

Hyeon Jin Jung, Seung Jun Lee, Seung Heon Lee, Myong Yong Choi* 
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We performed a dynamic study of laser induced cavitation bubbles (LICBs) formation using pulsed laser 

ablation in liquid (PLAL). We have found a strong relation of specific phase formation of nickel 

nanoparticles (Ni NPs) with the lifetime of the LICBs. In this work, we have found that relatively short and 

long lifetime of LICBs as compared to various solvents (methanol, deionized water, hexane, and acetonitrile) 

and generates the hexagonal close packed structure (hcp) and face centered cubic (fcc) phase of Ni NPs, 

respectively. The dynamic study of PLAL was conducted by measuring the time-resolved LICBs size 

through an intensified charge coupled device (ICCD) camera. From this study, we were able to suggest for 

the first time that the crystal phase formed in PLAL is strongly depends on the lifetime of the LICBs. 
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Enhanced Visible Light Photocatalytic Activity of TiO2/M (M = Au, Pt, 

Pd, and Ag) Nanoparticles Produced by Pulse Laser Irradiation 
 

Seung Heon Lee, Hyeon Jin Jung, Myong Yong Choi* 

 
Department of Chemistry, Gyeongsang National University, Korea 

  

TiO2/Au nanoparticles have various applications such as photocatalysis, solar energy conversion, and 

chemical and biological sensing. Among various particle fabrication methods, a pulsed laser irradiation in 

liquid (PLIL) method is currently attracting great interest due to its simplicity and versatility. In this study, 

TiO2/Au nanoparticles via PLIL were synthesized and their morphological and optical properties were 

characterized by X-ray diffraction, field emission-scanning electronic microscope, energy dispersive 

spectrometer, high resolution-transmission electron microscope, and UV-Vis spectroscopy. Additionally, 

photocatalytic degradation of organic dye compounds under visible light irradiation for the other TiO2/M 

(M= Pt, Pd, and Ag) nanoparticles will be characterized and discussed. 
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Population transfer infrared gain spectroscopy of acetanilide 

derivatives: monitoring fast decayed conformers 
 

Cheol Joo Moon, AHREUM MIN1, Myong Yong Choi* 
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We present the conformational investigations and excited state dynamics of jet-cooled acetanilide 

derivatives, substituted at ortho positions, such as 2-aminophenol (2-AP), 2-hydroxyformanilide (2-HFA) 

and 2-acetaminophenol (2-AAP). The number of conformers and their structures of the molecules are 

assigned on the basis of resonance enhanced multiphoton ionization (REMPI), ultraviolet-ultraviolet hole 

burning (UV–UV HB), and infrared-dip (IR-dip) spectroscopy. These molecules facilitate to have fast 

decayed excited state lifetime due to the intramolecular hydrogen bonding interactions between two 

adjacent atoms. We could not observe these structures with typical nanosecond laser studies. However, we 

were able to monitor the fast decayed ortho-substituted acetanilide derivatives using population transfer 

infrared gain spectroscopy. The structures of these conformers are compared with the predictions of ab 

initio and density functional theory calculations. 
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A Photoisomerization Study on [Ru(bpy)2(DMSO)2]2+ by Coupling 

Laser Excitation with Ion Mobility Spectrometry 
 

Chang Min Choi, Luke MacAleese1, Philippe Dugourd1, Fabien Chirot2,* 

 
Korea Basic Science Institute, Korea 

1Institut Lumière Matière, Université de Lyon, France 
2Institut des Sciences Analytiques, Université de Lyon, France 

  

Photoswitchable molecules are compounds that display the capability to switch between different isomer 

under irradiation, which are widely used for modern applications ranging from memory devices to 

optoelectronic devices. Especially, ruthenium (Ru)-based complex catalysts have been investigated for 

decades and recently Ru- dimethyl sulfoxide (DMSO) complexes were also reported that S → O and O → 

S linkage of DMSO were isomerized. Various studies in solution and theoretical studies have been reported 

to reveal an isomerization mechanism of these types of ruthenium complex cations.Hereby, we used a 

combination of mass spectrometry (MS), ion mobility spectrometry (IMS), and laser spectroscopy to 

understand an isomerization pathways of [Ru(bpy)2(DMSO)2]2+ (bpy = bipyridine) in the ground and 

excited states.Three different isomers of the complex were separated by using ion mobility measurements, 

which were assigned to the three possible binding schemes for the two DMSO ligands (SS, SO, and OO). 

Tandem-IMS experiments were then carried out to follow the isomerization pathways from each isomer. 

This could be done in the ground state by collisional activating and in excited state by laser irradiation of 

mobility-selected ions. In particular, we show that photoisomerization is possible for isolated 

[Ru(bpy)2(DMSO)2]2+, thus not implying ligand exchange with solvent molecules but internal rotation of 

ligands. Finally, based on IMS-resolved action spectroscopy measurements, we were able to characterize 

separately the optical properties of the different linkage isomers identified. These results are well suited to 

recent theoretical predictions. 
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Iso-iodoform (iso-CHI2–I) species which is produced during iodoform (CHI3) photolysis in solution have 

been extensively studied but direct structural information of such isomer remains elusive. In this study, 

photodissociation dynamics of CHI3 in cyclohexane solvent as well as the structure of iso-CHI2–I were 

monitored by time-resolved X-ray liquidography(TRXL). A 267 nm femtosecond laser pulse was used to 

induce C-I bond cleavage of CHI3 and subsequent X-ray probe pulse was irradiated to CHI3 solution to 

give time-dependent diffraction pattern which contains structural information of photoproducts. Both iso-

CHI2 –I and CHI2· are formed within 100 ps and the lifetime of iso-CHI2-I was measured as 330 ns. Iodine 

radical (I·) is also formed during the course of the iodoform photolysis, which can either recombines 

nongeminately with CHI2· or I· with bimolecular rate constant of 7.6 × 109 M-1s-1 and 1.5 × 1010 M-1s-

1 respectively. Based on our structure analysis, I-I distance and C-I-I angle of iso-CHI2–I were determined  

as 2.922 ± 0.004 Å and 133.9 ± 0.8° respectively. 
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In this presentation, we focus on the relationship between white light emission of CdSe nanoparticles and 

composition/coverage of ligands. In experiments, some ligands including trioctylphosphine oxide(TOPO), 

phosphonic acid, and amine have been reported to quench the broad trap state emission, whereas thiols raise 

the intensity of the trap state emission. This observation suggests that the regulation of white light emission 

is possible by means of ligand exchange, which certainly has been realized in experiments. However, 

fundamental understanding for the relationship between the ligand properties and the 

quenching/enhancement of the trap state emission has not been clarified yet. We employ density functional 

theory to investigate the role of ligands on the electronic structures of CdSe nanoparticles in presence or 

absence of various ligands. We show that the band gap structure, hence, the white light emission can be 

controlled by manipulating ligands not only by their distinctive chemical properties but also by the 

composition and the coverage of ligands. 
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PixD is a protein associated with phototaxis mechanism in the cyanobacterium Synechocys. The PixD 

absorbs blue light as stimuli by BLUF (Blue Light Receptor Using Flavin chromophore) domain, and 

controls the phototaxis mechanism through signal transduction pathway caused by its structural change. In 

the natural world, PixD has a unique structure in which five PixD dimers form donut-shaped decamer. Due 

to this structural characteristic, the structural dynamics of PixD decamer starts from structural change of 

the PixD dimer. Here, we perform a solution X-ray scattering experiment about PixD dimer M93A mutant 

type to investigate how the structural change spreads to entire PixD decamer from PixD dimer. From the 

experiment, the structure of PixD dimer is changed by helix motion, and the pattern of change seems to be 

in the direction of increasing volume of PixD dimer. This result suggests that the volume expansion of PixD 

dimer causes entire structural dynamics of PixD decamer. 
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Recently, perovskite phased materials have been enormously studied because of high solar energy 

conversion efficiency. Binary and ternary perovskite phase mixing strategy enables facile band-gap 

engineering in the full visible range. However, the mixed perovskite phase can be degraded under extended 

and extreme photo-irradiation conditions. Here, we studied the exciton recombination behaviors during the 

phase separation of binary perovskite by investigating photoluminescence (PL) and time-resolved PL 

modulation under the different excitation conditions of laser power, excitation line, and irradiation time. 

The observed PL spectrum of the binary perovskite is divided to three PL peaks under laser irradiation, of 

which bands are corresponding to the recombination processes of charge carriers' sink, band filling, and the 

coarsening effect of photo-generated Br-rich phase. These variations in PL and charge carriers’ dynamics 

were carefully studied with time- and space-resolved confocal microscopy. 
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Perylenediimide (PDI) derivatives have emerged as potential candidates for efficient energy and charge 

transport materials, particularly in organic photovoltaics and singlet exciton fission applications. A lot of 

effort has been devoted to understand efficient coherent energy transfer in light harvesting systems in nature 

and to develop organic molecules for artificial photosynthesis. Perylene is one of the biomimet ic 

alternatives to chlorophyll a for use in energy donor–acceptor systems. Photoinduced energy transfer in 

PDI cluster systems leads to delocalization of charges in the molecules and competes with charge 

localization process caused by structural distortion. This competition has a profound effect on achieving 

the desired properties of a molecule for further applications. Therefore, controlling the energy transfer 

dynamics by adjusting the underlying chemical structure and the surrounding environment is a crucial 

task.In the present work, we compared the energy transfer dynamics of three different PDI tetramer 

molecules, SF-PDI4, BFE-PDI4, and AD-PDI4, by femtosecond time-resolved fluorescence anisotropy 

spectroscopy, and discussed the role of the core structures in tetramers. Along with theoretical calculations, 

we provided simulations using Förster theory for concurrent energy transfers within the tetramers. As a 

result, molecular structures by quantum mechanical calculations and Förster theory nicely reproduce the 

experiment. 
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The hemoglobin is one of the most important protein in vertebrate, thus a lot of researches have studied 

while the allosteric structural transition and kinetic information. The homodimeric hemoglobin HbI is 

possible alternative model system of tetrameric HbI. We studied HbI protein to investigate directly the 

structural dynamics in the solution phase, using pump-probe X-ray solution scattering (TRXSS) to 

investigate the specific allosteric structural transition in real time and structural information such as rotation 

angle and heme-heme distance over time (100ps~10ms). We compared and analyzed the common points 

and differences among K30D, wild type and other mutants in terms of kinetic models by the tool of kinetic 

analysis. We built the kinetic models considering paths and time constants which were 4.01ns, 3.09ns, 

439ns, 437us, 5.33ms. Since K30D is mutated aspartic acid to lysine for 30th amino acid so the salt bridge 

disappeared, the interaction force of dimeric interface was weaker than wild type. K30D went through 

dissociation and had equilibrium state existed both of dimer and monomer in solution before initiation by 

pump laser. It could be a reason of faster tertiary structural change of dimer’s intermediates I2-to-I3 

transition than that of wild type though similarity of I1-to-I2 transition rate. According to our previous work 

[1], I1 and I2 had R-like structures and I3 had a T-like structure. So the results of K30D’s implicated that 

the transition from I2-to-I3 was accelerated which was suggested R-T transition, since it had feebler 

interface force. Lastly, bimolecular CO recombination with bimolecular rate constants was also faster than 

that of K30D’s, because of the same above reason. 
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The loop formation of a single polymer chain, the process of two ends of a linear chain meeting each other, 

has been a topic of academic interest because the loop formation should be the longest relaxation mode for 

a polymer and the loop formation should be an important model system for protein folding and DNA hairpin  

formation. Many experiments and theories have been, therefore, performed. The celebrated Kramers theory 

based on Smoluchowski equation predicted that the rate constant (k rxn) of the loop formation should be 

inversely proportional to the viscosity (ηsol), i.e. k rxn~ηsol-1. However, recent studies showed that the theory 

worked properly only when the viscosity of the medium was sufficiently large. The Kramers theory failed  

and the fractional viscosity dependence of k rxn , i.e. k rxn~ηsol-α (αk rxn. We find that such breakdown of 

Kramers theory could be quantified by the mutual information, a measure for the validation of local 

equilibrium approximation. 
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energy calculations of thiourea compounds: LCgau-DFT+LRD method 
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In the recent research, we found that whereas conventional DFT functionals have given poor calculations 

on alkane isodesmic reaction energy and isomerization reaction energy of organic molecules including C, 

N, and O atoms,1,2 our developed LC- and LCgau-DFT+LRD3 functionals which can calculate well inter- 

and intra-molecular weak interactions successfully can give accurate isomerization energies on these 

reactions. In this presentation, we show that B3LYP-D3 and wB97XD known for well describing weak 

interaction calculations failed in reproducing the isomerization reaction energies of the molecules with S 

atom, such as methylthiourea, iso-propylthiourea,. dimethylthiourea, but LCgau-BOP+LRD can 

successfully reproduce the isomerization reaction energies close to high accuracy wave function method, 

CCSD(T). Consequently, LCgau-BOP+LRD method is considered to be useful for large molecular system 

computations where inter- and intra-molecular weak interaction is important.1) J.-W. Song, T. Tsuneda, T. 

Sato, and K. Hirao, Org. Lett. 12, 1440 (2010).2) J.-W. Song, T. Tsuneda, T. Sato, and K. Hirao, Theor. 

Chem. Acc. 130, 851 (2011).3) R. Kar, J.-W. Song, T. Sato, and K. Hirao, J. Comput. Chem. 34, 2353 

(2013). 
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Upconversion lanthanide phosphors have great potential to be used in various fields such as nanomedicine, 

solid 3D displays, nanoscale thermometry, and solar cell technology. Although the method of obtaining 

various colors through synthesis is well known in previous studies, the synthesis process has to go through 

several steps, it takes a lot of time and it is difficult to show a certain color. In order to overcome this 

problem, Xiaogang Liu and co-workers have presented a study to control the color of the upconversion 

material by controlling the laser pulse width. However, mechanism of green upconversion phosphors still 

has not been elucidated, including two-, three- and multi-photon process. In this study, we demonstrated a 

new red emission mechanism of NaYF4 : Yb3+, Er3+with modulated laser diode and accumulation effect of 

upconversion process. 
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Some rare earth metals have a feature that has an optical phenomenon called upconversion (Upconversion; 

UC). This phenomenon occurs when two or more photons are absorbed in the excited state and emit light 

at a higher energy than the incident light. Typical upconversion materials comprise NaYF4 as a host and 

include rare earth metals such as Yb and Er. Using these characteristics, it has been used in solar cells, 

displays and the development of lasers laser. Recently, it has been used for biomedical image research using 

UCNP (upconversion nano particles; UCNP). In addition, when a transparent film having a pattern is 

formed using an UC material, the information is recognized only when the light in the infrared region is 

irradiated. Therefore, it is expected to be used in the field of security, information and anti-counterfeiting. 

By using PLD method (pulsed laser deposition; PLD), it was made easier than existing upconversion film 

making method and succeeded in manufacturing transparent film by adjusting refractive index of film. 

However, due to the low quantum efficiency of the UC material itself, a high power light source was 

required to obtain the information of the film. To overcome this problem, when the substrate of the film is 

not damaged at high temperature, the film is annealed by exposing it to high temperature to improve the 

crystallinity of the UCF (upconversion film; UCF) and improve the efficiency by removing the defect site. 

On the other hand, when the film is like a thin plate, there is a problem in that the film is damaged and 

information is deformed by using the above method. In this case, when a metal layer is formed during film 

production, the luminous efficiency of the film is increased due to the surface plasmon resonance effect. 

Silver was used as the metal, and the experiment was classified into three kinds according to the position 

of the SL (silver layer; SL). First, the SL under the UCF was formed, then the SL was formed on the UCF, 

and finally the silver and UC materials were simultaneously deposited. 
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Understanding excited carrier dynamics is important to understand the chemical reaction mechanisms and 

to develop molecular electronic devices. Various systems have been studied to elucidate the excited carrier 

dynamics such as charge transfer and energy transfer. Detailed excited state dynamics is still unclear despite 

many model systems has reported. Pyrene is a prototypical π-conjugated chromophore and one of the most 

used systems. Its durable electronic properties and supramolecular chemistry have attracted lots of interests. 

We applied the steady-state absorption and emission, and broadband transient absorption (TA) 

spectroscopy to investigate the primary excited carrier dynamics of 1,4-Di(1-pyrenyl)benzene. The 

emission spectrum of this molecule exhibits solvent dependence, which provides an evidence of the 

formation of charge transfer state. To elucidate the relaxation dynamics of photo-induced charge carriers, 

TA spectra of the molecule were recorded in various solvents. In the most polar solvent of acetonitrile, the 

characteristic spectral feature linked to the charge-transfer state was observed in the TA spectra. From this, 

we revealed that the 1,4-Di(1-pyrenyl)benzene molecule has the intriguing solvent dependence in the 

excited carrier dynamics. The sysmtematic photophysical study of 1,4-Di(1-pyrenyl)benzene molecule give 

a perspective on excited state dynamics of multichromophoric molecules and potentially inspires the design 

of blue organic light-emitting diodes (OLEDs). 
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Simultaneous photocatalytic hydrogen (H2 production with degradation of organic pollutants has been a 

subject of passionate global research interest. Despite tremendous efforts, the development of cost effective, 

highly efficient, and more stable visible photocatalysts for H2 production remains a great challenge. In this 

study, ZnO/Au(5,10, and 15 wt%)/Pd hybrid nanocomposites were synthesized for the first time by a pulsed 

laser ablation in liquid and subsequent chemical reduction technique. The as-prepared catalysts were 

characterized by X-ray diffraction, field-emission scanning electron microscopy, high-resolution 

transmission electron microscopy, UV-vis spectroscopy, and photoluminescence (PL). We examine the PL 

spectra of the as-prepared samples as a function of applied potential, pH, and in non-aqueous electrolyte. 

In addition, elemental analysis was performed by energy dispersive X-ray spectroscopy. We found that, 

ZnO/Au(5 wt%)/Pd nanocomposites exhibit a higher photocatalytic H2 evolution under visible light 

irradiation, and exhibit a better enhancement in the photocatalytic degradation of methylene blue (MB). 

The radical scavenger experiments proved that the superoxide (•O2-) radicals were the main reactive species 

for the degradation of MB. 
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Previous density functional dispersion correction methods lead to an unphysical description of metallic  

systems, as exemplified by alkali and alkaline earth compounds. We demonstrate that it is possible to 

remedy this limitation by including screening effects into the form of interacting smeared-out dipoles in the 

many body expansion of the interaction. Our new approach, called the coupled fluctuating smeared dipole 

model, describes equally well noncovalent systems, such as molecular pairs and crystals, and metallic  

systems, paving the way for a universal method to describe compounds with diverse type of interactions. 
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Spectroscopy of Cold hydrated phenyalanine cluster 
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AlGaN electron-blocking layers on GaN micro-rods 
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In GaN micro-rods, phase separation of the AlGaN electron-blocking layer is an enormous obstacle for 

achieving high-efficiency light-emitting diodes, as this phenomenon negatively affects the device efficiency 

by inducing unwanted band-energy modulations. Here, we found that the AlGaN electron-blocking layer 

on each m-plane of the GaN micro-rod appears to be phase separated, and each electron-blocking layer has 

a different thickness and length. Our careful analysis based on atom probe tomography reveals that the Al 

distribution in AlGaN is not uniform and that Al-rich and Al-deficient regions are clearly present. In 

addition, the longer surface diffusion length of Ga adatoms, as compared to Al adatoms, and the different  

initial strain state of each m-plane in the GaN rods are deeply associated with the different growth rate and 

inhomogeneous Al composition of AlGaN, resulting in phase separation of the AlGaN electron-blocking  

layer. These atomic-scale observations in the structural and chemical composition of AlGaN grown on GaN 

micro-rods could provide expanded opportunities for building a wide range of high-quality AlGaN electron-

blocking layers. 
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The insulating oil in transformer and the electrical equipment may malfunction to produce several gases. 

The rate of concentration of these gases can indicate the severity of defaults. Thus, the identification of 

gases down to sub-ppm level is crucial for maintenance of the transformer. Photoacoustic spectroscopy has 

been used to detect dissolved gas within transformer oil. Photoacoustic spectroscopy is the detection of 

acoustic signal by radiating the electromagnetic energy into matters. Photoacoustic method overcomes the 

problems that other DGA methods may have such as simplicity, cross sensitivity and compatibility. In this 

review, we proposed photoacoustic spectroscopy as a promising tool for online DGA. 
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Alzheimer’s disease is the most common neurodegenerative disease in humans, yet the molecular 

mechanism of the formation of Aβ monomer, which is thought to be the hallmark of Alzheimer’s disease, 

from Amyloid-precursor protein (APP) has not been elucidated. In recent NMR measurements, the binding 

of cholesterol to C99, the 99-residue fragment of APP, was found to play a crucial role in the production 

of Aβ42. According to in vitro studies of the γ-secretase, the production of Aβ also required 

phosphatidylcholine (PC) and lipid rafts. Molecular dynamics simulations was employed to investigate the 

effect of the decreasing helicity of C99 on the binding mechanisms of cholesterol to C99 in various lipid  

microdomains. The helicity of C99 was sampled with biasing force to extend the sampling conformation. 

As the orientation of C99 in the phase separated lipid raft is lopsided and allows for favorable cholesterol 

binding, we expect that the loosened helicity inhibits cholesterol binding by distorting the binding motif 

and the conformation within the raft that may lead to more excluded volume. The resulting difficulty in 

recruiting the γ-secretase to the lipid raft may reduce Aβ42 production. This study provides insight into the 

driving forces of C99 cleavage and molecular mechanism of amyloidogenic pathway of Aβ. 
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Direct observation of bond formation has been long-cherished grudge for physical chemists due to its 

fundamental implication in understanding chemical reactions. In this article, based on time-resolved X-ray  

liquidography (TRXL) technique, I analyzed photoinduced bond formation dynamics of Ag(CN)2 under 

water solvent. Kinetic analysis of difference X-ray scattering data revealed that, under 267-nm laser 

excitation, silver dicyanide complex sequentially forms singlet trimer (S1) and trimer (T1) within 169 fs 

and 1.38 ps, respectively. This trimer complex slowly converts into tetramer with the time constant of 335 

ps, and then restores to the ground state in 177 ns. We were also able to extract four species-associated 

curves (SAC), which conceals structural information of each intermediate, from singular value 

decomposition (SVD) and related kinetic analysis. Combined structure fit of SACs regarding Debye 

scattering equation, solute-solvent cage contribution, and solvent heat experiment will reveal exact 

structural dynamics in the future. 
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In this study, effective metals recovery are confirmed from the metal waste solution containing metal ions 

using Pulsed Laser Irradiation in Liquid(PLIL) technique. In PLIL technique, when a laser having strong 

power and energy is irradiated through a focusing lens into a waste solution containing metal ions, plasma 

plumes are generated by the temperature and the pressure. As a result it was confirmed that metals can be 

recovered as metal particles by using only laser without any other additive or reducing agent, which is a 

more environmentally friendly method than the conventional recovery method. 
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The metal-free organic D-π-A dyes based on the diketopyrrolopyrrole (DPP) spacer (CSD-08 and CSD-09) 

were synthesized and used as photosensitizers in the conventional DSSCs. CSD-08 and CSD-09 dyes 

emitted each different blue colors and their photophysical and electrochemical roperties are compared with  

theoretical calculations. CSD-09 containing bis-butoxyphenyl donor moiety with co-adsorbate 

chenodeoxycholic acid (CDCA) gave a higher power conversion efficiency (η = 3.62 versus 3.43%) than 

CSD-08 containing dimethyl donor moiety, presumably due to the donor of CSD-09 decreases dye 

aggregation which promotes more effective intramolecular charge transfer (ICT) characteristics. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: PHYS.P-251 

Area: Physical Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Synthesis of BiVO4@rGO/Cu:CeO2 nanoparticle to construct 

enhanced Z-scheme photocatalyst for CO2 reduction 
 

Hongryeol Park, YOUNG SOO KANG* 
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In these days, atmospheric CO2 level is continuously increasing and finally, it exceeds 400 ppm, 

concentration that could cause climate changes.1 To alleviate the CO2 level for our future, Artificial 

Photosynthesis, which is imitating natural process that convert CO2 into valuable resources with solar 

energy, CO2 and water is focused by many researchers. In this work, to break through the conventional 

limitation, such as low concentration and low selectivity, our group synthesized unique structure for Z-

scheme catalyst, BiVO4@rGO/Cu:CeO2. The structure of photosystem was constructed with BiVO4 

polyhedron covered with thin rGO nanosheet and Cu doped CeO2 nanorods. Cu dopants in CeO2 was 

revealed as helper for CO2 activation from several theoretical calculations.2,3 In here, we were tried to 

demonstrate the catalytic efficiency for CO2 reduction in electrolyte solution system, and its catalytic 

selectivity. Furthermore, we also focused on the way to enhancing efficiency of catalyst by jointing two 

photosystem as a Z-schematic photocatalyst to suppress charge carrier recombination.(1)D. M. Etheridge, 

L. P. Steele, R. L. Langenfelds, R. J. Francey, J.-M. Barnola, V. I. Morgan. 2007, 1.(2) J. Graciani, K. 

Mudiyanselage, F. Xu, A. E. Baber, J. Evans, S. D. Senanayake, D. J. Stacchiola, P. Liu, J. Hrbek, J. F. 

Sanz, et al., Science 2014, 345, 546-550.(3) C. Guo, S. Wei, S. Zhou, T. Zhang, Z. Wang, S.-P. Ng, X. Lu, 

C.-M. L. Wu, W. Guo, ACS Appl. Mater. Interfaces 2017, 9, 26107-26117. 
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Synthesis of exchange coupled magnet with soft and hard phase 
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Permanent magnets are used in a wide variety of applications and the most significant contribution is to 

convert electrical energy into kinetic energy. If this conversion is worked more efficiently, we can save 

more electrical energy and the source for producing that energy. To increase efficiency, really powerful 

permanent magnet is needed. On the other hand, the use of rare earth elements should be reduced for supply 

stability and environment. So I want to synthesize exchange coupled magnet which meets both sides. For 

the exchange coupling, soft and hard magnet should be combined. So I synthesized the FeCo nanoparticle 

which can be made to 15 nm or less as the soft magnet and will synthesize the Nd-Fe-B or SmCo which 

have high (BH)max value as hard magnet. After synthesize the hard phase, both of them will be combined. 

Exchange coupled magnet, theoretically, can have (BH)max value as high as 120 MGOe. So I expect to 

synthesize the permanent magnet which have at least 80 MGOe as (BH)max value. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: PHYS.P-253 

Area: Physical Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Electrostatic self-assembly of Au nanoparticles and Y2SiO5:Pr3+ to 

enhance the photochromic response of H3PW12O40 
 

Edgardo Gabriel Santoro, YOUNG SOO KANG* 

 
Department of Chemistry, Sogang University, Korea 

  

Photochromic materials like H3PW12O40 (HPW) change their optical absorption, modifying the molecular 

structure or oxidation states when they are expose to UV-light. The amount of this radiation in the solar 

spectrum is one the main restraints for the uses of photochromic materials in technological applications [1]. 

Up conversion materials (UCM) can be used to increase the UV light region in electromagnetic spectrum. 

The UCM will be utilized visible or IR radiation and converted into useful UV light radiation [2]. 

Furthermore, wave amplifier concept can enhance the amount of the converted UV light [3]. In this research, 

Y2SiO5:Pr3+ (YSO:Pr3+) is used to form an electrostatic self-assembly with AuNp[4], and later on 

deposited over a photochromic film of HPW. YSO:Pr3+ is an up-conversion silicate with excellent visible 

light transparency, good thermal and chemical resistance, and transform part of the visible light into UV 

light[2]. AuNp present a localized surface plasmon resonance capable to amplifies the converted light of 

the UCM [3]. Nanoparticles of YSO:Pr3+ were synthesized by hydrothermal method, superficially charge 

with a cationic surfactant and combined with citrate-stabilized AuNp synthesized to form an electrostatic 

self-assembly over a film of HPW.(1) Suzuko Yamazaki*, Hiroki Ishida, Dai Shimizu, and Kenta Adachi. 

Photochromic Properties of Tungsten Oxide/Methylcellulose Composite Film Containing Dispersing 

Agents, ACS Appl. Mater. Interfaces, 2015, 7 (47), pp 26326-26332(2) Cates, E.; Li, F. Balancing  

intermediate state decay rates for efficient Pr3+ visible-to-UVC up conversion: the case of b-Y2Si2O7:Pr 3+ . 

RSC Adv., 2016, 6, 22791(3) Chang Woo Kim, Tae Young Eom, In Seok Yang, Byung Su Kim, Wan In 

Lee, Yong Soo Kang & Young Soo Kang. Dual-Function Au@Y2O3:Eu3+ Smart Film for Enhanced 

Power Conversion Efficiency and Long-Term Stability of Perovskite Solar Cells. Scientific reports, volume 

7, article number 6849 (2017). (4) Stoyan K. Kyle J. M. Bishop, Bartlomiej Kowalczyk, Alexander M. 

Kalsin and Bartosz A. Grybowski. Electrostatically "Patchy" Coating via cooperative absorption of charged 

nanoparticles. J.AM. CHEM. SOC. 2007, 129, 15623-15630 
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Spectral modulation of stimulated Raman scattering signal: Beyond 

weak Raman pump limit 
 

Hanju Rhee*, Sohee Lim1, Minhaeng Cho1,* 
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Stimulated Raman scattering has recently been used in label-free vibrational imaging studies of live cells. 

Important attempts to develop super-resolution Raman imaging with intense Raman pump or decoherence 

beam have been made. However, the intense beams beyond weak stimulated Raman scattering limit could 

complicate spectral characteristics of Raman gain or loss signals. Here, the dependences of stimulated 

Raman loss (SRL) signal on Raman pump intensity and pump-probe delay time are specifically investigated 

through both experimental and simulation studies. In the strong pump regime, a pronounced spectral 

modulation in SRL is observed at the Raman peaks of aromatic compounds with relatively large optical 

Kerr nonlinearities. We perform a numerical simulation for the coupled wave propagation of the Raman  

pump and anti-Stokes probe pulses to investigate the effect of cross-phase modulation (XPM) on the 

stimulated Raman scattering (SRS). Our simulation involving both vibrationally resonant SRS and non-

resonant XPM effects in part accounts for the pump-probe delay time-dependent peak shift and spectral 

broadening as well as the appearance of a gain signal at negative time delays. At the high pump intensity, 

it is found that the anti-symmetric XPM signal with respect to the time zero cannot be selectively eliminated  

to produce pure SRS signal by time-integration over the pump-probe delay time because of the increased 

interference term of the SRS and XPM at the Raman-active frequency region. We believe that the 

experimental and simulation results discussed here would be of use in developing a super-resolution 

coherent Raman imaging microscope in the near future. 
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Comparative Studies of Electrochemical Performance and 

Characterization of TiO2 /Graphene Nanocomposites as Anode 
Materials for Li-Secondary Batteries 

 

Hasan Jamal, Chang-Seop LEE* 
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Using graphene oxide (GO) and titanium dioxide (TiO2), various types of composites comprised of 

graphene-bonded and grafted anatase TiO2 were synthesized without employing a cross-linking reagent in 

this study. Graphene sheets were uniformly dispersed among the TiO2 particles, to enhance the cyclability  

and electronic conductivity of the TiO2 anode for lithium ion batteries. Composites of GO prepared with  

three types of TiO2 (nanoparticles, nanorods, nanofibers) were synthesized by hydrothermal and calcination 

treatment. The reduction of GO increased simultaneously after calcination under argon atmosphere at 

400 °C for 4 h. The anatase type of TiO2 was used to achieve overall better electrochemical performance. 

The physicochemical properties were characterized by scanning electron microscopy (SEM), transmission 

electron microscopy (TEM), X-Ray powder diffraction (XRD), X-ray photoelectron spectroscopy (XPS) 

and Raman spectroscopy. Surface properties were measured by the Brunauer-Emmett-Teller (BET) & 

Barrett-Joyner-Halenda (BJH) method. The electrochemical properties were also investigated by 

Galvanostatic charge-discharge and Electrochemical Impedance Spectra (EIS). TiO2 nanoparticles 

composite with graphene delivered rate capability of 155 mAh g-1 at 0.5 C and restored the rate capacity 

of 109 mAh g-1 after 20 C, with a capacity loss of 30 %. TiO2 nanorods composite with graphene benefited 

from its unique morphology exhibited rate capability of 124 mAh g-1 at 0.5 C and regain the rate capability 

of 97 mAh g-1, with a capacity loss of 22 %. In addition, TiO2 nanofibers graphene composite with low 

surface area 19 m2g-1 and pore volume of 0.086 cm3g-1 transported rate capability of 68 mAh g-1 at 0.5 

C and recover the rate capacity of 64 mAh g-1 after 20 C owing to its higher value of lithium-ion diffusion 

coefficient. 
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Synthesis and Electrochemical Properties of Ru/PC/SiO2/CNFs 

Composites for Anode Materials of Li Secondary Batteries 
 

EunJeong Hwang, Yura Hyun1, Jong Seok Han, RUYE CONG, Heai-Ku Park2, Chang-
Seop LEE* 
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Carbon nanofibers (CNFs) were grown by chemical vapor deposition method on C-fiber textiles that Ni 

and Cu catalysts were deposited via electrophoretic deposition. Carbon nanofibers were oxidized by nitric  

acid to create hydroxyl group and then coated with silica layer via hydrolysis of TEOS (Tetraethyl 

orthosilicate). Pyrolytic carbon was coated on the SiO2/CNFs composite by flowing ethylene gas at 900℃, 

and then Ru was dip-coated to prepare Ru/PC/SiO2/CNFs composite. The morphologies, compositions, 

and crystal qualities of CNFs and the various carbon nanofiber composites were characterized by SEM, 

TEM, EDS, XPS, and Raman spectroscopy. The electrochemical properties and the capacitance of the 

carbon nanofibers and its composites as anode materials of Li secondary batteries were investigated by 

galvanostatic charge-discharge and cyclic voltammetry. The galvanostatic charge/discharge results of the 

CNFs, SiO2/CNFs, PC/SiO2/CNFs, and Ru/PC/SiO2/CNFs, composites exhibited maximum capacities of 

809 mAh/g, 1289 mAh/g, 2469 mAh/g, and 2451 mAh/g, respectively. 
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Study of detection and analysis of arsenic species in marine samples 

using ion chromatography-inductively coupled plasma mass 
spectrometry 

 

SHENG CUI, Jong Hai Lee1,*, YONG-HYEON YIM2, Kyoung-Seok Lee2 
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The chemical speciation of elements has been important because their bioactivity and toxicity rely on the 

particular chemical forms of elements. In all the arsenic species inorganic arsenic (As3+ and As5+) has been 

reported to be more toxic than organic species. This study was focused on the analytical methods for arsenic 

species in seafood and marine sediment samples. Five main species (As3+, As5+, MMA, DMA and AsB) 

were investigated (inorganic species for sediment sample only). The extraction method for seafood was 

chosen with sonication in which a water : methanol mixture (1:1, v/v) was used as the extract solvent. And 

for marine sediment samples, the extraction of inorganic species was carried out by shaking using 0.5 M 

phosphoric acid as extract solvent. The species were separated by a Hamilton X100 analytical column, and 

detected by a mass spectrometry. Various certified reference materials (CRM) were used for the validation 

of the analytical methods. For seafood CRM sample about 90 % of AsB the main species in seafood was 

extracted by the method mentioned. And 85.7 % and 82.2 % recovery efficiencies for As3+ and As5+ spiked 

in marine sediment CRM sample were obtained using the extraction mentod. 
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Uniform sized bioaerosol generation by using an inkjet aerosol 

generator 
 

Young-Su Jeong 
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There are many kinds of aerosol generation methods to make aerosol particles having wide dispersed sizes. 

Inkjet aerosol generators having an advantage in simple operation usually use to generate aerosol particles. 

In this presentation, we showed an inkjet aerosol generator for generation of bioaerosol particles with  

uniform size. Droplets generated from an inkjet nozzle, which contains PSL or Bacillus globigii spores, 

were continuously dried up passing in a drying module. Our inkjet aerosol generator can generate various 

sizes of uniform sized particle clusters. The clusters with the diameter of 2 to 8 um were successfully 

generated. Generated bioaerosols were shown to have a narrow particle size distribution. This system can 

be used in test and evlaluation of aerosol particle counters including bioaerosol detectors. 
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We introduce a stand-off Chemical Warfare Agent(CWA) detection system in Fourier transform 

infrared(FTIR) spectroscopy. We address the basic characteristics of spectra measured by the passive FTIR 

spectrometer. The spectrum represents the molecular absorption or emission, creating a specific response 

pattern or a molecular fingerprint that is unique to the class of CWAs. General CWA detection algorithms  

of the FTIR remote sensing system takes into the brightness temperature spectra account to detect or 

identify the known CWAs. Due to random or pattern noise appeared while measuring FTIR spectra, it is 

necessary to utilize signal pre-processing techniques. To mitigate effect of signal noise and improve signal-

to-noise(SNR), we introduce two noise reduction methods such as Savitzky Golay Filter and Frame 

Average. Then, we use CWA detection algorithms to analyze the noise-filtered brightness temperature 

spectra based on the gas reference libraries that present the unique fingerprints of CWAs. In this study, we 

introduce two detection algorithms, 1) Cross Correlation that compares the shape similarity between two 

brightness temperature spectra and 2) Support Vector Machine(SVM), a machine learning-based 

supervised algorithm. 
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Removal of Cd(II) ions from aqueous solution by pyrolyzed tire carbon 

derived from waste automotive tires 
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Pyrorized tire carbon (PTC) was prepared by pyrolyzing waste automotive tire (WAT) at temperature of 

around 500 oC for 4 h in an oxygen-free atmosphere and evaluated as adsorbent for the removal of Cd(II) 

ions from aqueous solution. It was observed that PTC has greater adsorption efficiency for Cd(II) ions as 

compared to commercial activated carbon (CAC) due to the presence of its higher mesopore volume. The 

adsorption characteristics of Cd(II) ions were investigated by means of equilibrium and kinetic studies. The 

Freundlich isotherm and the pseudo-second-order kinetic model fitted well to the adsorption data of Cd(II) 

ions. Maximum adsorption capacities of Cd(II) ions on CAC and PTC were found to be 0.96 and 6.81 mg 

g-1, respectively. The results of the present study suggest that PTC could be used beneficially for the 

removal of Cd(II) ions from aqueous solution. 
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Self-Assemblies Based on Gold Nanoparticles with Bridge Molecules 
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Cucurbit[n]urils(CB[n]) are promising supramolecular hosts composed of glycoluril repeat units bridged 

by methylene group. Compared with other similar molecules, CB[n]s have unique properties that have rigid, 

highly symmetric and macrocyclic pumpkin-shaped structures. Its hollow cyclic structure can allow itself 

to contain other target molecules inside their hydrophobic cavities. Also, it can form strong host-guest 

interactions with identical carbonyl portals leading to generate uniform, stable sub-nanometer gaps of 

0.9nm between gold nanoparticles that makes the powerful hot-spots capable of applications such as 

Surface-Enhanced Raman Scattering (SERS). In this study, we tried to make stable aggregations with gold 

nanoparticles using CB[n] as bridge molecules for regular alignments and confirm their structures and 

properties with analytical instruments such as electron microscopy, UV-vis, Raman spectroscopy. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ANAL.P-230 

Area: Analytical Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
A Simultaneous Determination of Highly Acidic Glycans in 

Biotherapeutics using PGC-SPE and LC-MS/MS 
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Glycosylation of therapeutic glycoproteins influences on pharmacological functions including efficacy, 

safety, and biological activity. In a therapeutic enzyme, phosphorylated glycans play a significant role as 

the target signal to enter into the lysosome. Sialylated glycans are also an important bioactive glycan which 

can improve in vivo recovery of a therapeutic enzyme. Therefore, the in-depth analysis of bioactive glycans 

has been required to ensure product consistency with the increase of the biosimilars market. However, 

glycosylation characterization of a therapeutic enzyme is still challengeable because of an increased 

heterogeneity by phosphorylated glycosylation as a modified glycoform and an extended sialylation. Here, 

we present an analytical approach to readily determine phosphorylated glycans and sialylated glycans, 

individually using porous graphitized carbon (PGC)-solid phase extraction (SPE). We successfully 

fractionated them according to varying proportions of acetonitrile in water and acid, though both 

phosphorylated glycans and sialylated glycans showed a high acidity. Each eluent was analyzed by LC/MS 

and CID MS/MS to fully characterize glycan composition, detailed structure, and relative quantitation. We 

observed mannose-phosphate series consisting of Man 5 to Man 9 decorated with mono-or di-phosphate 

groups. Sialylation of a therapeutic enzyme was mainly composed of glycans having two NeuAc residues. 

Bioactive glycan analysis of an original therapeutic enzyme and biosimilar is being further performed to 

demonstrate our analytical platform as an assessment tool for glycosylation biosimilarity. 
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IrO2 Nanofibers Depending on Degree of Reduction 
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In this study, IrO2 nanofibers (NFs) were fabricated by electrospinning and calcination process. The IrO2 

NFs were reduced by H2 atmosphere with various reduction time, resulting IrO2-Ir NFs as products which 

have diverse fraction of Ir oxide. Progressive reduction of IrO2 to Ir metal was observed until reduction 

time of 2 h, and the IrO2 NFs and IrO2-Ir NFs were examined for SERS substrates with rhodamine 6G (R6G) 

as an analyte. The Raman peak intensities of R6G gradually increased with the metallic Ir ratio in IrO2-Ir 

NFs, demonstrating that the conversion of Ir oxide to Ir metal was accountable for enhanced Raman  

scattering on IrO2-Ir NFs. This enhancement was considered due to the plasmon frequency shift from 

infrared to visible region by reduction of Ir oxide to metal. Additionally, bulk Ir did not show Raman signal 

enhancement, which indicates the nanostructure of IrO2-Ir NFs was responsible for the SERS effect by 

making a localized surface plasmon on IrO2-Ir NFs. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ANAL.P-232 

Area: Analytical Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Integrated Nanogap Sensors for Sensitive Detection of Pathogenic 

Antigen 
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Nanogap sensor is an attractive tool for biomolecular detection due to its simple fabrication process, design 

flexibility of electrodes, easy measurement, great tolerance to the variation in biochemical environment, 

and high on-off current ratio. In many cases, nanogap biosensors have led by the conduction change 

between two electrodes by gold nanoparticle (AuNP) probes in the gap region owing to presence of target 

analyte. However, conduction change of the single unit nanogap sensor is often irregular and random, it 

fails to extract the quantitative information from its conductance level. Here, we introduce a new method 

for the quantification of target hemagglutinin (HA) by digital domain analysis based on integrated nanogap 

sensors. The fraction of conducting nanogap devices among integrated detection units was an excellen t  

measure of the HA concentration. In addition, the results of quantifying HA by two types of integrated 

nanogap sensors will also discussed. 
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Quantitative analysis for metabolic markers of preterm births in 

Korea 
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The Korean society is not suffering from the low birth rate, which is the second lowest in the world, after 

Portugal among 34 OECD countries. To mitigate this social problem, it is necessary to early diagnose 

preterm births. Towards this goal, we have tried to establish a quantitative analysis method for metabolic 

biomarkers of preterm births. As biomarker candidates, formate, acetate, citrate, tyrosine, and lysine have 

been suggested in previous studies. In our study, we established a GC-MS quantitative analysis method for 

formate, acetate, and citrate. In parallel, LC-MS/MS based MRM method was established for the analysis 

of lysine and tyrosine. This quantitative analysis method will be used to early diagnose abortion and preterm 

births. 
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Development of Screening Software for Illicit Drugs and Analogues 

and Classification of Erectile Dysfunction Drugs 
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Illicit drugs and analogues, for example, erectile dysfunction (ED) drugs, analgesics, diuretics, weight loss 

compounds, and psychotropic drugs, are widely spread in the online markets, particularly advertised as 

health supplements. To monitor these illegal drugs and analogues from the illegal market places, a variety 

of analytical screening tools are now being used, and LC-MS/MS-based method has been recognized as 

one of the most powerful screening tool. For screening these illegal drugs, LC-MS/MS screening software, 

coded with MATLAB, was developed, wherein in-silico expanded database was used. A screening software, 

named as ‘Spectra Match’, consists of two layers. The first layer is the viewers for chromatogram and mass 

spectra. This software layer was designed to upload mzxml input data files and a variety of chromatogram 

formats can be extracted from raw data. The first layer is coupled with the second layer in which the 

identification of compounds under LC-MS/MS investigation is a main function. The database has about 

50,000 entries, including in-silico MS/MS spectra for a large number of ED analogues. Secondly, as an 

additional option, a machine learning-based classification model is included to classify unknown ED drug 

analogues in the software. Capturing the features for the LC-MS/MS spectra of ED drug analogues was 

made by machine learning methods. For this the LC-MS/MS spectra for ED drug analogues were converted 

to binary bar-code spectra, and these bar-code spectra were trained with various machine learning 

techniques such as CART, random forest, KNN, SVM and ANN. Bar-code tandem mass spectra of the ED 

samples categorized into four groups i.e., tadalafil, sildenafil, vardenafil group, and the others, based on 

their structural similarities were machine-learned and a multiclass classification statistical model was 

constructed. It was found that the ANN model could classify the tandem mass spectra of unknown samples 

(20% external test set) with 100 % accuracy. This machine-learned ANN model was included in the 

software as a screening tool for ED drug analogues that may be illicitly added into health supplements.This 

research was supported by a grant (18182MFDS425) from Ministry of Food and Drugs Safety of Korea 
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Sequencing(FRIPS) MS of o-TEMPO-Bz-C(O)-GGR tripeptide 
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A method of free radical initiated peptide sequencing (FRIPS) is a radical-based tandem mass spectrometry 

method in which a radical cation precursor leads to backbone dissociation of peptides upon thermal 

activation. Its fragmentation characteristics are similar to those of odd-electron peptide backbone 

dissociation methods such as electron capture dissociation (ECD)/electron transfer dissociation (ETD). 

Although peptide sequencing and other applications using TEMPO-mediated FRIPS have been long studied, 

but its fragmentation mechanism study based on the theoretical calculations has not been yet performed. In 

this study, free radical initiated peptide sequencing (FRIPS) fragmentation behavior of o-TEMPO-Bz 

conjugated GGR as a simple model was carefully studied using tandem mass spectrometry experiments and 

a new group-theoretical computation approach. In particular, for computations, the so-called ‘ACE-reaction’ 

algorithm, which was recently coded for automatic predictions and exhaustive search of low-energy  

reaction pathways, was used. The low-energy reaction pathways were thoroughly explored through DFT 

calculations. 
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Classification of Edible Oils using MATLAB 
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In this study, we made a software that designed to be able to project and classify unknown edible oil mass 

spectra on 3D PCA / PLS-DA model by importing mass analysis data of unknown edible oil by using 

different amount and composition of lipids such diacylglycerols (DAGs) and triacylglycerols (TAGs) 

according to kinds of edible oil. For the statistical analysis model, 9 kinds of edible oil were used, such as 

sesame, perilla, olive, canola, grape-seed, sunflower-seed, corn, soybean, coconut oils, and the equipment 

was Tinkerbell MALDI-TOF (Asta, Korea). Load mass data of unknown sample in this software, it can be 

projected and classified on 3D model built through PCA / PLSDA. We have also developed software that 

allows software applications to be applied to materials other than edible oils or other materials that are used 

in addition to data generated by Asta. 
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Efficient Enrichment of Phosphopeptides on Digital Microfluidics 

(DMF) Chip Using TiO2-Magnetic Bead by MALDI-TOF MS 
 

jinwoo kim, In-Ae Jang, Han Bin Oh* 

 
Department of Chemistry, Sogang University, Korea 

  

Phosphorylation is one of the most important post-translational modifications (PTMs) of proteins, which 

modulates a wide range of biological functions and activity of proteins. The analysis of phosphopeptides is 

still one of the most challenging tasks in proteomics research by mass spectrometry. In this study, 

phosphopeptide enrichment approach on a digital microfluidic (DMF) chip was demonstrated by analyzing  

phosphopeptides in the tryptic digested β-casein (bovine) and ovalbumin (chicken). This approach was 

made using a magnetic bead (MB)-based titanium dioxide (TiO2)-solid phase extraction(SPE) procedure. 

TiO2-MB was employed to selectively enrich phosphopeptides from tryptic digests of β-casein and 

ovalbumin. The enriched phosphopeptides were detected using matrix-assisted laser desorption ionization  

time-of-flight mass spectrometry (MALDI-TOF MS). This study shows that the phosphopeptide 

enrichment analysis can be automated and analyzed with a small sample volume on the DMF chip. 
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Analysis of polycyclic aromatic hydrocarbons using APCI-MS and 

IMS 
 

Chae eun Son, Sung-Seen Choi* 

 
Department of Chemistry, Sejong University, Korea 

  

Polycyclic aromatic hydrocarbons (PAHs) are usually produced by incomplete combustion of coal fuel and 

exist in asphalt, urban air particulates, soil, and so on. Some PAHs have been considered as causing 

carcinogenic, mutagenic effects on humans and aquatic creature. Gas chromatography (GC) has been used 

to analyze low molecular weight PAHs, while high molecular weight PAHs can be analyzed using liquid  

chromatography (LC). UV detector has been usually utilized with LC because PAHs consist of UV 

absorbing chemical structure but it is needed authentic PAHs. Atmospheric pressure chemical ionization-

mass spectrometry (APCI-MS) with LC can be used for detecting PAHs without standard materials. Ion 

mobility spectrometry (IMS) has been used on detection of hazardous materials such as explosives, drugs, 

and so on as hand-held device. Since PAHs have stable chemical structures, the ionization doesn’t occur 

well and these are not sensitive by APCI-MS. Proton donating agents or dopants can be used for settling 

the problem. Use of a dopant can improve detection sensitivity of PAHs for mass spectrometry. In this 

study, improvement of detection limit of PAHs for APCI-MS analysis using a dopant was investigated. 

Analysis of PAHs using IMS with equipped corona discharge ionization source was also carried out and 

the dopant effect was also investigated. The analysis results using APCI-MS and IMS were compared and 

discussed. 
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A study on the determination of inorganic selenium by solid phase 

extraction and laser induced breakdown spectroscopy 
 

Seon Hwa Lee  

 
Department of Chemistry, Mokpo National University, Korea 

  

The toxicity and chemical properties of selenium depend on the concentration and the chemical structure 

present in the natural environment. Inorganic selenium is more toxic than organic selenium, thus the 

accurate determination of inorganic selenium in various samples is needed. HG-AAS(Hydride Generation  

Atomic Absorption Spectroscopy), HPLC-ICP-MS(High Performance Liquid Chromatography-

Inductively Coupled Plasma-Mass Spectrometry) and GC-MS(Gas Chromatograph-Mass Spectrometry) 

are the current of methods for the determination of inorganic selenium. However, these methods have the 

disadvantage of expensive equipment, complicated sample preparation and long analysis time. A new 

analytical method was developed using the SPE membrane filter with LIBS for the determination of 

inorganic selenium species. The detection limit of inorganic selenium by the new analytical method was 

11.21 mg / kg, and the recoveries of Se (Ⅵ) 98.5 ± 5.31% and 101.80 ± 2.01%, respectively. This new 

speciation method is cost effective, simple and not labor intensive for the quantitation of inorganic selenium. 
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A study on the accurate determination of total and arsenic species in 

rice 
 

WONBAE LEE 

 
Department of Chemistry, Mokpo National University, Korea 

  

Arsenic is present as inorganic and organic arsenic. The arsenic toxicity varies depending on the chemical 

form. Therefore, the quantitative and qualitative determination of the total arsenic as well as the arsenic 

species has been very important. Rice is a staple food in the world`s half population and is a major source 

of human arsenic intake. However, the extraction and determination of arsenic species in rice has been very 

difficult because of the severe matrix interference. In this study, the various analytical methods including 

the internal standard method and standard addition method have been investigated for the determination of 

arsenic species in rice. A new analytical method was developed for the determination of arsenic species in 

rice by inductively coupled plasma - mass spectrometry (ICP-MS) coupled with ion chromatography (IC). 

Rice certified reference material (NIST SRM 1568b rice flour) was used to evaluate its suitability for the 

analytical method. 
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Visualization and quantification of radiochemical purity by Cerenkov 

luminescence imaging 
 

Yeong Su Ha, Woonghee Lee, Jung-Min Jung, gwangil An1, JUNG-YOUNG KIM1, 
Jeongsoo Yoo* 

 
Molecular Medicine, BK21 Plus KNU Biomedical Convergence Program, School of Medicine, 

Kyungpook National University, Korea 
1Molecular Imaging Research Center, Korea Institute of Radiological & Medical Science, Korea 

  

Determination of radiochemical purity is essential for characterization of all radioactive compounds, 

including clinical radiopharmaceuticals. Radio-thin layer chromatography (radio-TLC) has been used as 

the gold standard for measurement of radiochemical purity; however, this method has several limitations  

in terms of sensitivity, spatial resolution, two-dimensional scanning, quantification accuracy, and so on. 

Here, we report a new analytical technique for determination of radiochemical purity based on Cerenkov 

luminescence imaging (CLI), whereby entire TLC plates are visualized by detection of Cerenkov radiation. 

Sixteen routinely used TLC plates were tested in combination with three different radioisotopes (131I, 124I, 

and 32P). All TLC plates doped with a fluorescent indicator showed excellent detection sensitivity with  

scanning times of less than 1 min. The new CLI method was superior to the traditional radio-TLC method 

in terms of sensitivity, scanning time, spatial resolution, and two-dimensional scanning. The CLI method 

also showed better quantification features across a wider range of radioactivity values compared with radio-

TLC and classical zonal analysis, especially for beta-emitters such as 131I and 32P. 
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Breath analysis by needle trap device(NTD) 

 

Ra-Yun Kim, In-Yong Eom1,* 
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Smoker’s exhaled breaths were analyzed by using a needle trap device (NTD) which is a miniaturized  

sorbent packed sampling device. The exhaled breath from a smoker was collected in a Tedlar bag and then 

volatile organic compounds (VOCs) in breath was sampled and concentrated through a NTD. The NTD 

was then inserted into a GC/MS injector to desorb thermally and transport them into a GC column. Well 

separated VOCs under such an optimum experimental conditions were identified tentatively using MS 

library and linear temperature programming retention index (LTPRI or Kovat index). To obtain optimized  

sampling conditions such as sampling flow rate, desorption temperature, sampling volume, etc., selected 

compounds in pure nitrogen gas was prepared in 0.5 ppm(nL/mL) level. Sampling temperature was also 

investigated. In addition, some artefact compounds released from a Tedlar bag can hinder the identification 

of VOCs from a breath sample so those artefacts are cleared identified in this study. This study shows that 

the NTD can be an excellent candidate to identify VOCs in breath analysis and further to diagnose a certain 

disease (for example Lung Cancer, Liver Disease, etc.) based on qualitative and quantitative information  

of VOCs in the future. 
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Single Particle Study on Optical Property of Gold Nanoplate under DF 

microscopy 
 

Junho Lee, JI WON HA* 

 
Department of Chemistry, University of Ulsan, Korea 

  

Plasmonic nanoparticles have attention because of their localized surface plasmon resonance (LSPR) 

property and the effecting applications in many fields. especially triangular gold nanoplates have attracted 

increased attention due to their particularly anisotropy and LSPR property. We synthesized AuNP through 

a one-pot seedless growth method and characterized optical properties of AuNP under dark-field (DF) and 

differential interference contrast (DIC) microscopy. Furthermore, we found polarization-dependent DIC 

images and intensities of single AuNP, which allows us to determine their orientation angle under DIC 

microscopy. 
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Characterizing Optical Properties of Single Gold Nanocubes 

 

Hui Bin Jeon, JI WON HA* 

 
Department of Chemistry, University of Ulsan, Korea 

  

Plasmonic gold nanoparticles exhibit unique size- and shape-dependent optical properties, which is caused 

by the localized surface plasmon resonance (LSPR) collective oscillation of conduction electrons in gold 

with the incident light. In this study, we investigated the optical properties of single plasmonic gold 

nanocubes (AuNCs) using a dark-field (DF) microscope, a differential interference contrast (DIC) 

microscope, and a scanning electron microscope (SEM). We found polarization- and wavelength-dependent 

optical properties of single AuNCs under DF and DIC microscopy. Therefore, we provide a deeper insight 

into the optical properties of AuNCs at the single particle level, which can be beneficial for their uses in 

biological and energy applications. 
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Label-free Optical Biosensor Based on Chemical Interface Damping 

Using Gold-nanorods 
 

SeongWoo Moon, JI WON HA* 

 
Department of Chemistry, University of Ulsan, Korea 

  

We studied the optical properties of gold nanorods using a darkfield microscope(DF) and a scanning 

electron microscope(SEM). The existing LSPR based biosensor was a method of sensing by the shift of the 

SPR peak when the target molecule was attached. However, the dielectric constant of the surrounding 

medium affects this sensing method. So, we propose a label-free plasmon-based biosensor that is sensitive 

to the adsorption of biomolecules without being disturbed by the dielectric constant of the surrounding 

medium. When thiol is attached to gold nanorods, wavelength shifts and FWHM (Full Width at Half 

Maximum) are increase. This is called chemical interface damping(CID). Also, it was confirmed that the 

size of the line width also changed when the type of thiol was changed. More specifically, we show how 

the chemical bonding of various adsorbate molecules affects the LSPR linewidth of a single AuNP 

longitudinal surface plasmon. As a result, as the line width increases, sensing becomes possible without 

being affected by the permittivity. We propose a biosensing method based on CID by confirming the change 

of optical characteristics according to the aspect ratio of plasmon nanoparticles and the width of plasmon 

line width using three types of gold nanorods with different aspect ratios. 
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Polarization- and Wavelength-Dependent Optical Properties of Single 

Gold Nanourchins under DF Microscopy 
 

geunwan kim, JI WON HA* 

 
Department of Chemistry, University of Ulsan, Korea 

  

AuNUs exhibit more distinct features compared to simple gold nanosphere, because of their complex 

structure with spiky and uneven surfaces. We characterized the optical properties of singe gold nanourchins 

(AuNUs) with sharp and short tips on their surface under single particle dark-field (DF) microscopy and 

spectroscopy. DF scattering intensities of single AuNUs were investigated as a function of rotation angle 

at three different wavelengths of 600 nm, 640 nm localized surface plasmon resosnace (LSPR) wavelength, 

and 700 nm, using the corresponding band pass filters. The DF intensities were periodically changed as a 

function of rotational angle at the three different wavelengths. Furthermore, the phase of a DF intensity 

trace was different according to the incident wavelength on a single AuNU, which can be explained by the 

generation of single dipoles with different wavelengths in multiple directions on the AuNU surface. These 

findings contribute to a deeper insight of the scattering properties of single AuNUs, and this study will be 

beneficial for several potential applications, including optical imaging and sensing in the fields of materials  

science and biology. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ANAL.P-247 

Area: Analytical Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Identification of novel disulfide adducts containing leaving group of 

the nerve agents VX from human serum albumin by LC-MS/MS 
 

JinYoung Lee*, Yong Han Lee 

 
Agency for Defense Development, Korea 

  

Verification of exposure to Chemical Warfare Agents (CWAs) plays an important role in the way that 

unambiguous confirmation of an alleged use of banned substances by terrorist forces may have reaching 

political and legal impact. However, direct detection of CWA in vivo is quite difficult due to rapid clearance 

from the circulation and structural changes in the course of biotransformation processes. Current efforts are 

focused on identification of adducts between CWA and endogenous target proteins, as these biomarkers 

are still detectable days or even weeks after exposure.Human serum albumin(HSA) is one of target protein 

which was inhibited by VX (O-Ethyl S-2-diisopropylaminoethyl methyl phosphonothiolate) on Tyrosine 

411. Consideration of covalent protein modification by VX typically refers to phsphylation of nucleophilic  

amino acid residues. In contrast, the result on covalent modification by the respective leaving groups of 2-

diisopropylaminoethanethiol(DPAET) are lacking in the literature. The aim of the present study was to 

examine reactions of the nerve agent VX forming the already known O-ethyl methyl phosphonlyated 

tyrosine residues as well as potential novel disulfide adducts between its thiol containing leaving group 

DPAET and HSA. We newly developed the sample preparation method for detecting two biomarkers from 

the VX inhibited human plasma simultaneously.Keywords: albumin, disulfide adduct, chemical warfare 

agent, LC-MS/MS 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ANAL.P-248 

Area: Analytical Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Analysis of Famphur in Honey by Solid-Phase Extraction and GC-MS 
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Famphur is one of the pesticides used in bee-farming. This is a highly hazardous pesticide classified by 

WHO and some countries are regulating this pesticides. In this study, a method for the selective 

determination of famphur in four kinds of honey using solid-phase extraction (SPE) and gas 

chromatography-mass spectrometry (GC-MS) was established. 5 g of honey was dissolved in 10 mL of 

water and transferred to a C18 cartridge preconditioned with ethyl acetate and water. After washing with 2 

mL of purified water, and then famphur was eluted with 6 mL of ethyl acetate and determined by gas 

chromatograph with mass spectrometer (GC-MS). Optimization of solid-phase extraction (SPE) parameters 

was evaluated by the pH of the sample, the type and volume of the elution solvent. Chromatographic 

separation was achieved on DB-35MS column(30 m × 0.20 mm × 0.33 μm), and oven temperature was 

raised from 120 ℃ to 310 ℃ at a rate of 25 ℃/min, and then maintained for 2 minutes. The injection 

mode was the split mode (10:1), and m/z 218.0 was used as the quantitative ions in SIM mode. From the 

established extraction and GC-MS conditions, the limit of detection (LOD) and limit of quantitation (LOQ) 

in the spiked sample were 2 ng/g and 5 ng/g, respectively. Recovery studies were performed at 5 ng/g, 10 

ng/g, 20 ng/g of fortification levels, and accuracy and precision in working range were 63.7-118.4 % and 

1.0-27.7 RSD %, respectively. The calibration curves for the quantitative analysis were obtained the 

concentration range of 5~50 ng/g with correlation coefficients (R2) from 0.9883 to 0.9958. The proposed 

method was applied to the analysis of famphur in domestic honey samples. 
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Determination of Residual Pesticides by Dispersive Liquid-Liquid 

Microextraction and HPLC from Green Tea 
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Famphur and Fenpyroximate are used for a variety of crops including fruit, balloon flower roots, and 

vegetables as a type of pesticide, and they are regulated in each country. Therefore, the method of sample 

preparing and analysis were established to accurately quantify the remaining famphur and fenpyroximate 

in green tea using HPLC - UV. Parameters for sample clean up and concentration were optimised and 

verified. Experiments were carried out to obtain optimal parameters such as the kinds and volumes of 

extraction solvent and dispersive solvent, the pH effect, and the effect of salt. Chromatographic separation 

with HPLC - UV was performed using the eclipse XDB-C18 (2.1 mm id × 150 mm length, 4.6 μm particle 

size) column and gradient elution mode using water and acetonitrile. Optimized parameters for extraction  

of the famphur and fenpyroximate; the type and volume of extraction solvent, 1, 2 - dichloroethane, 100 

μL; the type and volume of dispersive solvent, methanol, 1000 μL; pH 6; salt 0 g. Limit of detection and 

limit of quantification were obtained in the range of 0.010-0.031 mg/L and 0.005-0.017 mg/L, respectively. 

The accuracy and precision obtained at the working range were 96.7-107.0 % and 2.7 - 14.2 % (RSD), 

respectively. The linear correlation coefficient (R2) was obtained in the range of 0.9959 to 0.9991. The 

established method was applied to five types of green tea sold in the market and monitored. 
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Determination of water content in aprotic organic solvents based on 
the 1H NMR chemical shifts differences between water and solvent 

peaks 
 

Jeongbin Yoon, Suk Kyu Chang, Byungjoo Kim1, Kihwan Choi2, Sangdoo Ahn* 
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A simple and convenient method to determine the water content in aprotic organic solvents using the 1H 

NMR chemical shifts differences between water and solvent has been developed. There was a linear relation  

between the chemical shifts difference and the water content in various organic solvents, thereby enabling 

a simple measurement of the water content in organic solvents. Since the chemical shifts differences values 

between intrinsic water and solvent proton peaks were used for the measurements, hence no additional 

reagent was needed. Therefore, the method became much simpler and applicable to a wide range of organic 

solvents and magnetic fields. This method was validated by a comparison with the conventional Karl 

Fischer titration and the integral method of qNMR. The temperature effects were also investigated at the 

temperature values around room temperature, and a correction factor was calculated to expand the 

versatility of the linear relation even at different temperatures. It has been proposed here that the chemical 

shift changes of water protons relative to those of solvent protons could be used to effectively assess the 

residual water content in aprotic organic solvents. 
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Fabrication and application of cell-based microfluidic chip for eye-

irritation test of compounds 
 

Sujin Cho, Tian Tian, Seog Woo Rhee* 
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In this presentation, we will describe the development and application of cell-based microfluidic chip to 

perform eye-irritation test. The device was fabricated with a milti-compartment diffusion channels for 

culture of cells. HUVEC and fibroblast cells were cultured in the milti-compartment channels and the 

solutions of test compounds were injected to the inlet of the channel and diffused through the connected 

microfluidic channels. The viability of cells in each compartment was monitored by an optical microscope. 

Several types of cosmetic materials were tested with test systems, and the IS (irritation score) values were 

evaluated and compared with those of other test methods to validate the test system developed in this work. 
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Sensitive analysis of rare earth elements in a highly saline matrix by 

capillary electrophoresis 
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Electrokinetic supercharging (EKS) is a powerful in-line concentration method in capillary electrophoresis 

analysis. However, sample matrix should be removed before injection to enhance the sensitivity. Here, we 

introduced a method to obtain high sensitivity of rare earth elements in a highly saline matrix by EKS with  

liquid-liquid extraction (LLE). In LLE, we used heptane including a carrier (0. 29 M (2-

ethylhexyl)phosphate) as an acceptor. Then, octanol and 0.1 M nitric acid were used for back extraction. 

Octanol was necessary to remove the carrier from the sample matrix. Thousand-fold sensitivity 

enhancement was achieved. 
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Physicochemical properties of solvents background electrolytes for 

predictability of elution order of organic dyes in non-aqueous capillary 
electrophoresis 
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The predictability of elution order of organic fluorescent dyes (i.e., crystal violet, methyl violet base, methyl 

violet B base, rhodamine 6G, and rhodamine B base) in non-aqueous capillary electrophoresis (NACE) was 

investigated by focusing on the physicochemical properties of various organic solvents [ethanol, methanol, 

2-propanol, dimethylformamide (DMF), and dimethyl sulfoxide (DMSO)] in background electrolyte 

(BGE). As seen in conventional aqueous BGE, the mobility of EOF in organic solvents tended to rise when 

the ratio between the dielectric constant and the solvent’s viscosity (ε/η) increased in accordance with 

Smoluchowski’s equation. However, unlike the ε/η of pure organic solvents, the elution order of dyes 

changed as follows: methanol (60.0) > DMF (45.8) > ethanol (22.8) > DMSO (23.4) > 2-propanol (9.8). 

Since the amount of acetic acid added to balance the pH depends on the pKa of each solvent, EOF changed 

when the difference in the ε/η value was small. This resulted from the inhibition of mobility, and its 

difference was dependent on the ε/η of BGEs with high ionic strength. In particular, the actual mobility of 

dyes in DMF showed excellent compliance with the Debye-Hückel-Onsager (DHO) theory extended by 

Falkenhagen and Pitts, which enabled us to analyze all dyes within 15 min with excellent resolution (Rs > 

2.5) under optimum NACE conditions (10 mM sodium borate and 4661 mM acetic acid in 100% DMF, pH 

4.5). In addition, the NACE method that was developed could be applied successfully to the analysis of 

commercially available ballpoint ink pens. Thus, these results could be used to anticipate the elution order 

of organic dyes in a 100% NACE separation system. 
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Extraction and separation technology of valuable metals from waste 

secondary battery for vehicles using eco-friendly organic acid 
 

Keon Sang Ryoo*, Yong Pyo Hong, Jong-Ha Choi 
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Nowadays, with increasing hybrid electric vehicles, the amount of waste secondary batteries also increase 

dramatically. The waste secondary battery is considered as solid waste in many countries on account of the 

existence of hazardous components. Thus, it is necessary to recycle the waste secondary batteries through 

the proper way. The waste secondary battery is generally composed of cathode, anode, organic electrolyte 

and separator. Especially, valuable metals such as Co, Ni, Li and Mn are contained abundantly in cathode-

active material and regarded as significant strategic metals in industry field. Therefore, many studies have 

been conducted on leaching of the metal species from cathode-active material by using inorganic acid such 

as HCl, HNO3, and H2SO4 as leaching agent. However, these acids could inevitably cause the corrosion 

and liquor waste. The present work aims at the recovery of each valuable metal from cathode-active 

materials in extraction and separation ways using environmentally acceptable various organic acids. 
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Detection of tryptic peptide of ricin according to the concentration of 

maltodextrin using LC-MS/MS 
 

JIHYUN KWON*, Yong Han Lee 
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Ricin is a toxic protein derived from castor beans and consist of a cytotoxic A chain and B chain covalently 

linked by a disulfide bond, which can inhibit protein synthesis and cause cell death by binding the surface 

of cell. Ricin is considered a likely agent for bioterrorism because of its high toxicity. If purified into a 

terrorist or warfare agent, ricin could be used to expose people through the air, food or water via injection. 

Therefore sensitive and selective analytical methods are needed to detect ricin in complex food matrices. 

In this work, we used the maltodextrin, which is artificial sweetener in a variety of other processed foods, 

as a matrix and MB-Ab(Magnetic beads-Antibody) was used to capture the ricin in maltodextrin. Tryptic 

peptides of ricin were analyzed to determine if the concentration of maltodextrin affected the ricin capture 

of MB-Ab by liquid chromatography-tandem mass spectrometry (LC-MS/MS). 
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Direct Detection of Influenza A Virus DNA based on Scattering Signal 

of Plasmon Metal without Amplification 
 

Seungah Lee, Seong Ho Kang* 
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The direct detection of influenza virus DNA without amplification effectively was performed by scattering 

signal of novel nanometals through grating. Gold nanopad and silver nanometal were used as a substrate 

for immobilization of probe single-stranded DNA (ssDNA) and as detection tag. The grating separated the 

scattering signals of the nanotag from that of the substrate and removed strong background noise or nearby 

interference. This sandwich hybridization-based biosensor quantified the target molecule until zeptomolar 

(zM, 10-21 M) concentration and a dynamic range of six orders of magnitude by grating associated total 

internal reflection scattering (TIRS) microscopy. The relative scattering intensity of blank controls (without 

H7N9 and H5N1 virus DNA) was 6 times lower than that of the H7N9 virus DNA. The results showed that 

this biosensor could specifically recognize the target DNA fragment of influenza A (H7N9) virus from 

other types of influenza viruses. 
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A simple method for identification of caffeic and rosmarinic acid in 

Thymus vulgaris by using HPLC 
 

XINGFU YIN, In Hye Kim, Seungui Cheon, Seungah Lee1, Jaehun Jeong1, Yoohun Noh* 

 
Research dept., Famenity, Korea 

1Research dept., Naturesense, Korea 

  

Rapid identification and quantification of plant components using chromatographic techniques such as 

ultraviolet spectroscopy (UV), high-performance liquid chromatography (HPLC) and mass spectroscopy 

(MS) are widely employed for investigating crude extracts. In this study, evaluation of a 50% ethanolic 

extract from Thymus vulgaris (T.vulgaris) was performed using modern chromatographic techniques to 

determine the main extract components. The present study describes the characterization of three 

compounds in extracts from T.vulgaris from Turkey using HPLC and UV analysis. We previously showed 

that the major compound in T. vulgaris is rosmarinic acid. In the present study, we qualitatively and 

quantitatively analyzed rosmarinic acid and caffeic acid in T. vulgaris ethanolic extracts. HPLC revealed a 

third peak with the same retention time as pectolinarin, but LC/MS indicated that it was another compound. 

The obtained results could prove valuable for standardization of T. vulgaris compounds. Our findings could 

be used as a basis for clinical research and chemical profiling of thyme and other plant. 
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A glucose dehydrogenase enzyme based glucose sensor via ruthenium 

polymer redox complex 
 

Chang Jun Lee, Soo Yeon Jeon, Won-Yong Jeon, Young Bong Choi, Hyug-Han Kim* 

 
Department of Chemistry, Dankook University, Korea 

  

Modified electrodes that react with glucose dehydrogenase (GDH) using water-soluble hydrogel mediator 

were fabricated for glucose assay. Glucose electrodes based on hydrogels were prepared by crosslinking 

GDH and the redox polymer formed with PVP-PAA-[Ru(ter-py)]+/2+ (ter-py = 2,2’-6’,2’’-therpyrid ine) 

on screen printed carbon electrodes (SPCEs) surface. The PVP-PAA-[Ru(ter-py)]+/2+redox mediator was 

characterized by NMR, UV-vis, and XPS spectroscopy, and electrochemically by CV. The Electrochemical 

Impedance Spectroscopy (EIS) was used to investigate surface changes of modified electrodes. The 

difference of the current value according to presence or absence of oxygen was examined through CV. Also, 

i-t curves about different glucose level showed linearly. The effect of interfering substances such as ascorbic 

acid, dopamine, and uric acid was examined through the i-t curve. Therefore, this ruthenium complex can 

be used for glucose detection with GDH as a good substitute mediator. 
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Comparison of chemical composition in species of Ligularia family (L. 

fischeri, L. stenocephala) 
 

Jaehun Jeong*, Seungah Lee, XINGFU YIN1, In Hye Kim1, Seungui Cheon1, Yoohun Noh1 

 
Research dept., Naturesense, Korea 

1Research dept., Famenity, Korea 

  

In Korea, Ligularia species, Ligularia fischeri, Ligularia stenocephala, are used as edible vegetables. The 

two herbs are similar taxonomically and are called Gomchi, Gondalbi, in Korea. To distinguish these two 

plants species, our experiments focus on the study of morphologic and chromatographic analysis from 

Ligularia species. Firstly, the two plants are different from the structure in detail. To identify certain species 

between the two plants, focus on the following morphological attributes, petiole, stalk, the color of stalk. 

External morphological characters provide majority of the evidences used in the construction of 

classification system.The traditional method of plant taxonomy based upon comparative external 

morphological characters is indispensable to systematics. Secondly, evaluation of differences in chemical 

composition was performed using high-performance liquid chromatography (HPLC). 
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Discrimination for Authenticity of Perilla Oil Using 60 MHz Benchtop 

NMR spectroscopy and FT-IR spectrometer 
 

SuMi Park, Seung Hyeon Kang1, Jeongbin Yoon1, Sangdoo Ahn1,* 

 
Department of Chemisty, Chung-Ang University, Korea 

1Department of Chemistry, Chung-Ang University, Korea 

  

The perilla oil, one of the most widely used in the East Asia, consists of more than 90% unsaturated fatty 

acid in its fatty acid composition. It is well-known as a healthy food because of its high content of ω-3 

linolenic acid, sterol, tocopherol and so on. However, perilla oil that is mixed with cheap oils such as 

soybean oil or flavor oil is often distributed, and even Chinese perilla oil is sometimes deceived by 

distributors as domestic one. Therefore, a study of determining the authenticity of perilla oil became 

necessary because it is very difficult for consumers to distinguish them simply by appearance. In this NMR 

study, we conducted an experiment using 23 kinds of perilla oils (17 domestic ones and 6 Chinese ones) 

which have been directly squeezed from perilla seeds. As a solvent, the deuterated chloroform (99.9 atom% 

D, containing 0.03% TMS) was used. After the oils being mixed with the solvent, the spectra were obtained 

using 60 MHz benchtop 1H NMR spectrometer. The aim of this study is to investigate the authenticity of 

perilla oils more quickly and simply by a low-field 1H NMR spectroscopy called Spinsolve benchtop. For 

the FT-IR measurement, disposable PTFE IR card was used. We conducted an experiment using a domestic 

perilla oil and a soybean oil which have been mixed at a constant rate(0:10, 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 

8:2, 9:1, 10:0). The purpose of this study is to improve the accuracy and authenticity of perilla oil by using 

FT-IR in addition to a low-field 1 NMR. The experimental results showed that the authenticity of perilla oil 

could be easily measured by using NMR spectrocscopy and FT-IR spectrometer with multivariate statistical 

analysis. In addition, it can be confirmed that the authenticity discrimination method can be applied even 

in the case of perilla oils having a certain level of content.References [1]Guillén, María D., and Nerea Cabo. 

"Relationships between the composition of edible oils and lard and the ratio of the absorbance of specific 

bands of their Fourier transform infrared spectra. Role of some bands of the fingerprint region." Journal of 

Agricultural and Food Chemistry 46.5 (1998): 1788-1793.[2]Gerdova, A., et al. "60 MHz 1H NMR 



Spectroscopy of Triglyceride Mixtures." Magnetic resonance in food science: Defining food by magnetic 

resonance (2015): 19.[3]Longobardi, F., et al. "Classification of olive oils according to geographical origin  

by using 1H NMR fingerprinting combined with multivariate analysis." Food Chemistry 130.1 (2012): 177-

183. 
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Study on the Electrocatalytic amplification ofSingle Silver 

Nanoparticle Collided on Copper Ultramicroelectrode in Alkaline 
Solution 

 

ki jun kim, Seong Jung Kwon* 

 
Department of Chemistry, Konkuk University, Korea 

  

Silver nanoparticle (Ag NP)’s electrochemical characteristic for hydrazine oxidation is analyzed by 

transient current change of a single Ag NP collided on ultramicroelectrode(UME). When a copper (Cu) 

whose electrochemical activity for hydrazine oxidation is worse than Ag is used as UME, increased 

staircase signal was observed instead of the decreased signal of the normally blocking strategy. And the 

collided Ag NP was stabilized for the self-oxidation by alkaline electrolyte solution. The collisional signal 

of Ag NP didn’t be observed when -0.2 V ~ 0.4 V was applied to the UME even the potential is enough for 

the electrocatalytic hydrazine oxidation by Ag UME. But when 0.5 V to 0.7 V was applied to the Cu UME, 

depending on applied potential, blip or staircase shaped signal was observed by the Ag NP’s collision on 

Cu UME. The different mechanism of hydrazine oxidation based on the various oxidation states of Ag were 

suggested depending on the transient current changing shapes. Through the analysis of current changing 

shape, proper experiment condition was identified when using Ag NP for electrocatalyst for hydrazine 

oxidation. 
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Preparation of partially substituted Li3V2-xMx(BO3)3 (M=Al) as a 

cathode material for Li-ion battery 
 

Minsoo Ji, YOUNGIL LEE* 

 
Department of Chemistry, University of Ulsan, Korea 

  

Aluminum substituted lithium vanadium borate as a cathode material has been prepared by sol-gel route, 

and its electrochemical properties have been investigated. Commonly, aluminum ions provide a 

modification of the lithium insertion reaction consistent with increasing alkaline ionic disorder. These 

phenomena suggest that the substituted phases may offer some improvement their electrochemical 

properties, such as low polarization, high average potential, low irreversibility, and long cyclability. 

Galvano-static charge/discharge and cyclic voltammetry (CV) measurements were also measured to study 

the reversibility of the lithium extraction/insertion processes. As shown in figure, 4% aluminum substituted 

lithium vanadium borate has better electrochemical performance in high C rates. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ANAL.P-263 

Area: Analytical Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
A Zone Fluidic-Based Automatic Water Analyzer for Chromium 

Monitoring 
 

Kyoung Ho Jo, Jae-Hoon Ahn, Han Ok Kim, Geum-Yong Hong1, Joo-Heon Lee1, Jong 
Hoon Hahn* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

1BL Process Co., Ltd., Korea 

  

A zone fluidic (ZF)-based automatic water analyzer has been developed for highly sensitive and selective 

determination of chromium (Cr). Cr is determined by measuring chemiluminescence (CL) from Cr(III)-

catalyzed luminol (5-amino-2,3-dihydro-1,4-phthalizinedione) oxidation by hydrogen peroxide in basic 

solutions. CL reactions catalyzed by other metal ions are prevented by employing  

ethylenediaminetetraacetic acid (EDTA), where the interfering metal ions form complexes with EDTA 

faster than Cr(III). The ZF-based automatic water analyzer consists of reactors for preliminary treatment 

and CL reaction, a detector, and fluidic manipulation parts including a syringe pump, a multiport valve, and 

a tubing loop. In the tubing loop, luminol, hydrogen peroxide, and sample segments are separated by 

intervening air segments to prevent sensitivity decrease caused by mixing of fluid segments prior to CL 

detection. Sample and EDTA, by contrast, are sequentially loaded into the tubing loop without an 

intervening air segment, which allows mixing between sample and EDTA segments within the tubing loop 

such that it can make selective Cr analysis possible by masking interfering metal ions with EDTA. The 

analyzer for Cr determination secures a wide linear response range of 10–2000 μg/L (R2= 0.9998) and a 

low detection limit of 0.6 μg/L (S/N = 3). Through determinations of Cr in standard samples and real waste-

water samples, we have demonstrated that this analyzer is capable of accurate ( 
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A novel probe based on aggregation induced emission characteristics of 

heparin 
 

SARVAR KAKHKHOROV, YONG-ILL LEE*, Salah Mahmoud Tawfik Ahmed 

 
Department of Chemistry, Changwon National University, Korea 

  

The purpose of the current study is to obtain a novel type of probe based on the interaction between heparin 

and specific type of fluorophore which demonstrates aggregation induced emission (AIE) properties. AIE 

is a phenomenon which enables its fluorophores to fluoresce only when they are in solid state. After a 

certain treatment, the obtained probe tends to assemble to micelles which allows AIE luminogen to 

aggregate and, eventually to fluoresce. This methodology provides a high selectivity towards analytes that 

are considered under interest. To afford a proper condition for micelle formation, the proportion of 

hydrophobic part to hydrophilic part in probe was equalized by including long chain amino acid (12-amino  

dodecanoic acid). Each step of synthesis was successfully completed and proved by FT-IR, 1H NMR and 

UV-absorption tests. The emission properties of obtained probe were evaluated by using 

photoluminescence spectroscopy (PL). The morphologies of forming micelles were examined by using 

transmission electron microscopy (TEM) and scanning electron microscope (SEM). These results will 

eventually enable to offer a new approach to design a unique type of probe with aggregation induced 

emission properties, which will be applicable for bioimaging purposes. 
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Liquid extraction surface analysis coupled with micellar electrokinetic 

chromatography for sensitive detection of pesticides on surface 
 

Sunkyung Jeong, Doo Soo Chung1,* 

 
Seoul National University, Korea 

1Division of Chemistry, Seoul National University, Korea 

  

Capillary electrophoresis (CE) is well suited for the analysis of analytes in aqueous solutions. But it is not 

easy to analyze a solid sample with CE since labor-intensive sample pretreatment processes are required. 

For example, a solid sample should be grounded, homogenized, centrifuged, extracted into an organic 

solvent, and then reconstituted into an aqueous solution suitable for CE. So we used liquid extraction 

surface analysis (LESA) that extracts chemicals on the surface of various solid samples without any sample 

pretreatment. Dried analytes doped on a surface were directly extracted to a hanging drop of acceptor at the 

inlet tip of a capillary. After extraction, a small volume of acceptor was injected into the capillary and 

analyzed by a commercial CE instrument. LESA-CE was used to determine three species of insecticides, 

chlorantraniliprole, kresoxim-methyl, and pyraclostrobin. The U.S. Environmental Protection Agency 

(EPA) limits the allowable amounts of the insecticides to 1.2 ppm, 0.5 ppm, and 1.5 ppm respectively. For 

these water-insoluble analytes, micellar capillary electrophoresis (MEKC) was used and an on-line stacking 

method, analyte focusing by micelle collapse (AFMC) was combined to enhance the sensitivity. These 

three pesticides doped on sample plate were extracted with the inlet of a capillary and analyze directly with  

CE. Several parameters such as the condition of AFMC-MEKC, composition of an acceptor, extraction  

time were optimized. The limits of detection (LODs) of LESA-AFMC-MEKC were 150, 100, and 50 ppb, 

respectively. Thus LESA-CE is a simple, sensitive and more rapid method for the analysis solid surface 

analytes without any pretreatment processes required for conventional analysis methods. The developed 

LESA-CE of high spatial resolution and immediate quantification ability is promising for the analysis of 

biological surfaces of cells and tissue, or even technical surfaces. 
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Highly selective detection of picric acid using QDs nanoparticles coated 

with amphiphilic copolymer 
 

Salah Mahmoud Tawfik Ahmed, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

A novel fluorescent sensor was developed via in-situ polymerization strategy for highly selective and 

sensitive sensing of picric acid. This sensor was synthesized by in situ polymerization of amphiphilic  

thiophene monomers on the surface of QDs to obtain highly fluorescent sensor. The emission of the sensor 

is found to be quenched in the presence of picric acid by electron transfer mechanism through electrostatic 

and hydrogen bonding interactions and showed excellent selectivity for picric acid over its analogues. The 

developed sensor shows an excellent analytical performance with good linearity and low LODs . 

Furthermore, the sensors were successfully applied to determine picric acid in tap and river water samples 

with good recoveries. We developed a simple, rapid and non-toxic method which provides its potential 

application for highly selective and sensitive fluorescent determination of trace picric acid in environmental 

water samples. 
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Fabrication of Anisotropic Plasmonic Au@Si Core-Shell Nanoparticles 

for Bioanalytical Dual Imaging 
 

nara lee, Seunghyun Lee1,* 

 
nanochemical, Gachon University Global Campus, Korea 
1Department of Nanochemistry, Gachon University, Korea 

  

One of the emerging research area in nanomedicine is development of non-invasive techniques for the 

bioimaging, diagnosis and therapy of disease. Advancement of platform technologies for a wide range of 

potential applications is significant because of the complexity of the living organism and cytotoxicity of 

employed materials. Especially, plasmonic gold nanoparticles have attracted a great deal of recent interest 

due to their unique optical properties such as strong electromagnetic field enhancement and strong light 

absorption. Silicon and its oxide derivatives have become a material of significant interest recently for 

imaging and drug delivery due to their chemical stability and optoelectronic properties. Anisotropic 

plasmonic gold nanoparticle are very useful for surface enhanced Raman scattering (SERS) which has been 

widely applied for chemical analysis or molecular detection. Biocompatibility and nanoporous structure of 

the silicon nanoparticle can be applied to magnetic imaging based on dynamic nuclear polarization (DNP) 

and drug delivery for theragnostics. Here, we have fabricated Si-Au core/shell nanoparticles using Au NRs 

and Au BPs. First, Au NRs and Au BPs were synthesized by a seed-mediated method and silica is 

subsequently overcoated by a stöber method. The overcoating onto surface on gold nanoparticles with 

cetyltrimethylammonium bromide has been completed using syringe pump. The overcoating reaction gives 

shells as thin as around 25 nm thickness. Next, the silica layer is replaced to silicon by reduction using 

magnesium powder. We analyzed the core-shell nanoparticle using scanning electron microscopy(SEM), 

transmission electron microscopy(TEM), UV-Visible spectroscopy, X-ray diffraction(XRD) and Raman  

spectroscopy. 
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Upconversion fluorescence and magnetic study of NaLu0.98-

xCrxEr0.02F4hollow microtubes 
 

Seong-Soo Lee, Huy B.T.1, YONG-ILL LEE1,* 

 
Changwon National University, Korea 

1Department of Chemistry, Changwon National University, Korea 

  

Upconversion phosphors are known as a new material system that can convert near-infrared light into 

visible ultraviolet emissions by sequentially absorbing multiple photons. We presents a new non-rare earth 

(RE) sensitizing system with Cr3+ in NaLu0.98-xCrxEr0.02F4phosphor microtubes prepared by a hydrothermal 

method. The Cr3+ ions play the dual role as both host matrix and sensitizer in the upconversion process. 

The optimum conditions for gaining the strongest upconversion emission correspond to x = 0.3 ~ 0.5, where 

there are effective energy transfers between Cr3+ and Er3+ ions and Cr-Er dimers. The change of 

upconversion emission intensity is related to the presence/absence of absorbing multiple photons, and to 

the coupling between Cr3+ and Er3+ ions. The data obtained from magnetization and electron-spin-resonant 

measurements proved these phenomena, revealing the correlation between the optical and magnetic 

properties.Keywords: Upconversion, dual role, magnetic, dimer. 
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Enhanced photodegradation of Rhodamine B and 4-chlorophenol 

using TiO2 novel nanoparticle doped with upconversion luminescence 
agents 

 

DASEUL PAENG, Huy B.T., YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Anatase TiO2 crystal is considered to be an excellent and promising photonic material for applications in 

solar energy conversion systems because of its long photostability , low chemical corrosion, diverse shape, 

and cost effectiveness. However, the band gap of TiO2 is 3.2 eV that canlimit its effective applications. 

Therefore, the expansion of the effective light range for TiO2 is highly desired. In this study, Er3+-Yb3+-

Ce3+ tridoped TiO2 nanopowder was synthesized using a facile one-step hydrothermal synthesis to extend 

effective light range to NIR via upconversion process of Yb3+-Er3+ pair ions and the activity of Ce3+ ions. 

The synthesized Er3+-Yb3+-Ce3+ tridoped TiO2 nanoparticles exhibited an excellent photocatalytic activity 

against an organic dye; Rhodamine B, and 4-chlorophenol. The photodegradation mechanism was proposed 

as well.Keywords: 4-chlorophenol, Upconversion, photodegradation, dope 
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Highly selective detection of spermine based on the fluorescence 

quenching of heparin using CdTe quantum dots coated with 
amphiphilic thiophene copolymers 

 

Jimin Shim, Salah Mahmoud Tawfik Ahmed, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Novel optical sensors based on CdTe quantum dots (P1QDs and P2QDs) coated with amphiphilic thiophene 

copolymers were developed for the detection of spermine. The emission of the P1QDs and P2QDs is found 

to be quenched in the presence of heparin by electron transfer mechanism through electrostatic and 

hydrogen bonding interactions. Upon the addition of spermine, heparin has been removed from the surface 

of P1QDs and P2QDs due to the strong electrostatic interactions between spermine and heparin, which 

showed significant fluorescence recovery of the sensors. Under optimum conditions, both P1QDs and 

P2QDs sensors displayed excellent analytical performance for spermine with the limit of detection (LOD) 

of 2.90 nmol L-1 and good linearity (R2= 0.9957) within 0.05-15 μmol L-1 and LOD of 1.66 nmol L-1 and 

good linearity (R2 = 0.9928) within 1-12 μmol L-1, respectively. The P1QDs and P2QDs sensors show a 

high selectivity to spermine over common interfering substances. Furthermore, the proposed method was 

successfully utilized in serum samples with satisfactory results.Keywords: amphiphilic copolymers; QDs; 

spermine; optical sensors; serum samples; electron transfer 
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Upconversion Nanoparticles Functionalized with Novel Amphiphilic 

Polymers for detection of drugs 
 

Seung Ha Lee, Salah Mahmoud Tawfik Ahmed, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Upconversion nanoparticles (UCNPs) are a unique type of photoluminescence (PL) material in which lower 

energy excitation is converted into higher energy emission via multi-photon absorption processes. In this 

research, novel amphiphilic copolymers were synthesized to act as functionalizing agents for 

NaYF4:Yb3+/Er3+ UCNPs. The UCNPs coated with amphiphilic copolymers were characterized by using 

FTIR, SEM, UV, and PL instruments. These materials were used as optical sensors to detect various high 

blood pressure drugs including propranolol, metoprolol, atenolol, alprenolol, and carvedilol. Our developed 

sensors displayed good analytical performance such as low limits of detection and good linearith. 

Furthermore, the sensors have been applied successfully to determine the level of high blood pressure drugs 

in blood samples with good recoveries. 
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Sensing amine-containing gases using a paper-based photonic device 

 

Huy B.T., YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Amine compounds are of enormous importance in industrial, environmental pollution, toxicological and 

medicinal fields. We developed a highly accurate, highly selective, and low-cost sensor array based on an 

optical paper-based device for the detection of various amine compounds in gaseous media. The changes 

of dyes’ colors on the sensing areas based on the individual amine compounds were analyzed using red, 

green, and blue (RGB) values. Principal Component Analysis (PCA), hierarchical Cluster Analysis (HCA) 

methods were applied as a chemometric tool for classifying amine gases. In the future, these portable sensor 

arrays are expected to be able to provide an early warning of natural gas pollution or an early indicator of 

specific diseases. Keywords: amine, paper-based device, chemometric, colorimetric 
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Study of the enhanced electrochemical properties and MAS NMR fine 

structure analysis of anion doped lithium vanadium borate 
 

CHAEWON Moon, YOUNGIL LEE*, Khoirul Umam1 
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1Department of Chemistry, Universitas Indonesia., Korea 

  

As a cathode material of Li-ion battery, lithium vanadium phosphate, Li3V2(PO4)3 (LVP), has a stable 

structure and high-voltage platform. However, LVP has low electronic conductivity and slow lithium-ion  

diffusion. As an alternative cathode material, Li3V2(BO3)3 (LVB) has weaker B-O bond which makes  

relatively fast lithium ion diffusion. Also, its theoretical reversible capacity is much larger of 268 mAh/g. 

Fluorine anion substituted Li3V2(BO3)2.95F0.15 has been synthesized by combustion method. 

Characterizations of prepared sample are investigated using by X-ray diffraction (XRD) and 

electrochemical measurements. Also, solid-state NMR is used to investigate its local electronic structure. 

The results of fluorine substituted LVB are shown improved long cycleability, rate performance, and 

structural stability. The best anion doping ratio in LVB is still under study with electrochemical properties. 
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Phospholipase A2-responsive UCNPs-loaded Phosphate Micelles for 

Prostate Cancer Cells Imaging 
 

SHARIPOV MIRKOMIL, Salah Mahmoud Tawfik Ahmed, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Rare-earth upconversion nanoparticles (UCNPs) have received the tremendous attention of researchers last 

decades due to their potential application as biological luminescent labels in bio-imaging application. 

However, it is still a challenge for researchers to obtain nontoxic, nanoscale, well dispersed and high 

selective nanoparticles. On the other hand, it has been reported that phospholipase A2(PLA-2) enzyme is 

abnormally overexpressed in several diseases such as pancreatitis or early stages of prostate cancer. Novel 

phosphate micelles from biocompatible compounds were synthesized and characterized for selective 

imaging of prostate cancer cells. Using fluorescence method, CMC value of the synthesized micelles was 

determined to be 0.638 mM. The activity of phospholipase A2 (PLA-2) enzyme toward the synthesized 

micelle was investigated and confirmed by LC-MS. This kind of surfactant can form UCNPs-loaded  

phosphate micelles formed from PLA-2 cleavable surfactant in order to deliver UCNPs directly to prostate 

tumor cells by reducing side effects on normal biological tissues. TEM results showed that micelles have 

size ranged from 80 nm to 150 nm; whereas size of UCNPs-loaded micelles ranges from 200nm to 350 nm. 

Cytotoxicity results confirmed the biocompatibility of micelles. Bio-imaging experiments conducted on 

KB and HeLa cell lines confirmed encapsulation of UCNPs in micelles thereby reducing the non-selective 

binding of UCNPs towards cells with low expression of PLA-2. Meanwhile, bio-imaging application on 

22Rv1 prostate cancer cell line confirmed the selective release of UCNPs on the surface of the prostate 

cancer cells.reducing the non-selective binding of UCNPs towards cells with low expression of PLA-2. 

Meanwhile, bio-imaging application on 22Rv1 prostate cancer cell line confirmed the selective release of 

UCNPs on the surface of the prostate cancer cells. 
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Determination of C18 -ceramide based on paper-based analytical device 

coupling with mass spectrometry 
 

Shavkatjon Azizov, SHARIPOV MIRKOMIL, Huy B.T., Jae-Min Lim, YONG-ILL LEE* 

 
Department of Chemistry, Changwon National University, Korea 

  

Paper spray ionization has been developed as a direct, fast and low-cost sampling and ionization method 

for qualitative and quantitative mass spectrometric analysis of C18-ceramide in complex mixtures. Analyte 

ions are generated by applying a high voltage with a small volume of spray solvent onto a porous substrate. 

The sample can be preloaded onto paper or mixed into the spray solution. Wax-printed micro paper-based 

analytical device (µPAD) coated with paraffin was utilized as a high efficient and low-cost microfluid ic 

device which can be combined in paper spray mass spectrometry (PS-MS). Until now, several methods 

have been introduced for C18-ceramide analysis. However, µPAD combined with PS-MS method has never 

used for C18-ceramide analysis. Mostly, high-performance liquid chromatography-mass spectrometry 

methodology is adapted for the determination of ceramide in human blood and serum samples but it needs 

sophisticated optimization of instrumentation and sample preparation. Our developed µPAD-paper spray 

mass spectrometry provides clear advantages over other methods due to reducing the experimental steps 

and fast operation process for identifying C18-ceramide. 
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[Withdrawal] Multi-channel Microchip Electrophoresis for Fast 

Alzheimer’s Diagnosis based on Fast Genotyping of Apolipoprotein E 
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Colorimetric detection of Cr(VI) using graphene oxide as a peroxidase 

mimetic catalyst 
 

NGUYEN NGOC NGHIA, Huy B.T.1, YONG-ILL LEE1,* 

 
Changwon National University, Korea 

1Department of Chemistry, Changwon National University, Korea 

  

A highly sensitive and selective detection of hexavalent chromium (Cr(VI)) was proposed using graphene 

oxide (GO) as a peroxidase mimetic catalyst. The blue colored free cation radicals were generated simply  

by an oxidation reaction of tetramethyl benzidine (TMB) which was catalyzed by GO. In the presence of 

8-hydroxyquinoline (8-HQ), the radical consumption was monitored by the decrease of absorbance of TMB 

and then the recovery of blue color was observed by the addition of Cr(VI). The proposed probe exhibited  

high selectivity on Cr(VI) due to the formation of a chelate ring between 8-HQ and Cr(VI), inducing the 

recovery of the radical generation. Under the optimum experimental condition, the limit of detection was 

calculated to be 70 nM of Cr(VI). More importantly, this method was successfully applied to the detection 

of Cr(VI) in real water samples. 
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Headspace in-tube microextraction (HS-ITME) of chlorophenols by 
capillary electrophoresis-electrospray ionization-mass spectrometry 

 

Yun Jung Choi, Doo Soo Chung* 

 
Division of Chemistry, Seoul National University, Korea 

  

Capillary electrophoresis/mass spectrometry (CE/MS) is a powerful analytical tool combining high 

performance separation of CE and information-rich MS. Headspace in-tube microextraction (HS-ITME) is 

a simplest possible scheme of liquid phase microextraction, providing sample cleanup and enrichment for 

volatile compounds. As a means of improving the power of CE/MS further, HS-ITME was in-line coupled 

with CE/MS. When HS-ITME was coupled with CE/electrospray (ESI)-MS, the capillary outlet is exposed 

to the open air and there was a problem of air plug formation due to evaporation of the run buffer in the 

capillary. By running a small amount of the sheath liquid during extraction, the evaporation problem was 

solved. Then without any physical modification of the CE/MS setup, dichlorophenols and trichlorophenols 

in an acidified aqueous solution were enriched into a basic acceptor plug at the entrance of the capillary. 

The chlorophenols were enriched about 50 times with a 5-min HS-ITME at 40°C, and successfully analyzed 

by CE/MS. 



 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ANAL.P-279 

Area: Analytical Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Synthesis of High Crystallinity Carbon Nano-spheres as 

Hyperpolarized MRI Probes for Cancer Diagnosis 
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Carbon is widely used as a new material in a wide range of fields such as electric and electronic fields, 

mechanical and energy fields, and bio-medical and environmental fields. The properties of carbon such as 

a high affinity with biomaterials, paramagnetic properties, easily size control are great advantages that can 

be utilized as a hyperpolarized MR imaging probe. Biocompatibility and biodegradability of carbon make 

it possible to utilize particles even in vivo. In addition, flexible surface functionalization of carbon and 

surface pore make it possible to use the imaging probe as a theragnosis material to carry the drug to target 

cells. Carbon Nano Spheres(CNS), composed of polydopamine, are doped by nitrogen. So, stable free 

radicals present on the surface of CNS that can eventually be amplified by a DNP effect. To improve the 

DNP signal, CNS must have high crystallinity because high crystallinity has a long T1 time. Therefore, we 

had attempted to synthesize CNS with high crystallinity in various ways. 1) High temperature treatment : 

After high temperature treatment, 002 diffraction profile be shifted to high angle side and sharpened. With 

increasing temperature, carbon layers grew and the number of stacked layers increased. Therefore, 

turbostratic structure changes to graphite structure by high temperature. 2) Catalytic carbonization : Among 

the various transition metals, gold had a diamagnetic property that does not block the DNP signal was 

selected. So dopamine is coated on the gold which is synthesized into spheres and carbonized. At 

carbonization step, Gold particles work as catalysts for graphitization. Finally obtained CNS having high 

crystallinity can potentially be utilized as biocompatible and targetable imaging probe for hyperpolarized  

MRI researches. 
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Optimization Study about Synthesis of Silicon Coated Gold 

Nanoparticles for Dual Imaging and Dual Therapy 
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In this research, silicon coated gold nanoparticles (Au NPs@Si) for dual imaging and therapy were 

synthesized. Gold nanoparticles (Au NPs) can be used for Surface-Enhanced Raman Spectroscopy (SERS) 

substrates and thermal therapy for cancer as photo-thermal agents. And then, silicon (Si) can make an 

amplified signal by DNP, one of the hyperpolarization phenomena, so that it can be used for MR imaging  

probe and also drug delivery through pores. The Au NPs made by seeded growth method were coated with 

silica using stöber method. The thickness of the silica shell was adjusted by varying the amount of TEOS, 

and the scale was gradually increased to obtain sufficient amount for reduction. Silica coated gold 

nanoparticles were converted to Au NPs@Si by magnesiothermic reduction. Reduction process was 

proceeded using a closed reactor and the optimized conditions to obtain Au NPs coated with a high raio of 

silicon were found by varying the reduction temperature and time. It was confirmed that the silica shell was 

reduced to silicon by the observation of the crystallinity of silicon, and that the Au NPs remained after the 

reduction process through the TEM images. Au NPs@Si can give an amplificated Raman signals compared 

to the conventional signals by SERS effect and increase temperature when the laser is applied. Then 

fluorescent material can be loaded and released by Au NPs@Si to evaluate drug delivery efficiency and 

amplified signal by DNP can be used for MR imaging. Therefore, through these methods, the effectiveness 

of synthesized Au NPs@Si as probes for dual imaging and dual therapy for cancer diagnosis and therapy 

can be evaluated. 
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Anti-inflammatory activity of streptazolin purified from a novel strain 

of Streptomyces sp. MJM12405 
 

chun whan choi 
 

Biocenter, Gyeonggido Business and Science Accelerator, Korea 

  

Streptazolin, an alkaloid, was isolated from a soil-born actinomycete, Streptomyces sp. MJM12405 which 

was collected in the Gyeonggi-do province of Korea. The structure of this compound was determined by 

the 1D, 2D NMR and HRMS analyses. Anti-inflammatory effect of streptazolin was evaluated with RAW 

264.7 cells. The ethyl acetate (EtOAc) extract of the Streptomyces sp. MJM12405 was found to show 

significant anti-inflammatory activity with the lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. Cell 

viability was determined using an MTT assay after treated with various concentrations of the isolated 

constituent. Inhibition rates of NO production induced by LPS was measured by reaction using Griess 

reagent. This is the first report of anti-inflammatory activity of the purified streptazolin compound from 

actinomycete. 
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Synthesis of Magnetic Carbon Nanospheres as Sorbents for 

Wastewater Treatment 
 

Quy Son Luu, DOKYUNG KIM, Youngbok Lee* 
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Currently, the thorny issue is treated wastewater in the lakes and rivers where it is near industrial companies 

and residential areas. This study contributed to the synthesis of magnetic carbon nanospheres (MCNs) 

which had been recovered the heavy metals and organic contaminants by a magnet. This research 

synthesized MCNs through three different routes. (1) MCNs was synthesized by iron-polydopamine (Fe-

PDA) complex and the surface functionalization of MCNs, which helps to capture the heavy metals and 

organic pollutants, was altered by hydrogen peroxide. (2) The second route was used two-steps synthetic. 

The first step was a synthesis of iron oxide (Fe3O4) and the second step was coating polydopamine (PDA). 

(3) The final route synthesized MCNs through integration between the iron compound and carbon 

nanospheres (CNS). And the surface modification was adjusted similarly the first route. The physical and 

chemical properties of MCNs were assessed by performing infrared spectroscopy (IR spectroscopy), 

dynamic light scattering (DLS), scanning electron microscopy (SEM), transmission electron microscopy 

(TEM), X-ray diffraction (XRD), Brunauer–Emmett–Teller (BET) surface area and Zeta potential. 

Especially, MCNs via route (3) synthetic was well-dispersed and uniformly which was proved by TEM 

images. Moreover, the functional groups were demonstrated by IR spectroscopy. MCNs was modified  

surface that it is potentially utilized as sorbents for the heavy metals and organic contaminants. Further 

research is required to determine the concentration of the heavy metals and organic pollutants, which are 

removed by MCNs, through inductively coupled plasma mass spectroscopy (ICP-MS). 
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Comparative UPLC-HR-MS/MS based metabolomics and bioactivities 

analyes of Lycium chinense Miller root 
 

chun whan choi 
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Lycium chinense Miller root has been used as a traditional medicine for centuries in Asia because of its 

positive effects on health. The purpose of this study is to determine the Lycium chinense Miller roots 

according to cultivation age using ultra-high-resolution mass spectrometry (UHPLC-HR-MS/MS) based 

metabolomics technique was applied for metabolite profiling of 20 Lycium chinense Miller roots samples 

aged from 1 to 5 years. Multivariate statistical method such as principal component analysis(PCA) were 

used to compare the derived patterns among the samples. The data set was subsequently applied to various 

metabolite selection methods for sophisticated classification with the optimal number of metabolites. The 

results showed variations in accuracy among the classification methods for the samples of different ages, 

especially for those aged 3 and 4 years. In addition, we investigated the anti-osteoporotic effects of Lycium 

chinense Miller root extracts by root ages. These results suggested that Lycium chinense Miller root extracts 

promote the proliferation, stimulation of osteoblast differentiation and inhibition of osteoclast. This 

proposed analytical method coupled with multivariate analysis is fast, accurate, and reliable for 

discriminating the cultivation ages of Lycium chinense Miller root samples and is a potential tool to 

standardize quality control in the Lycium chinense Miller roots related products. 
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ROSY, an efficient solid mixture analysis NMR method 
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Most of NMR methods have been used for pure compounds and require sample purification prior to data 

collection. LC-NMR and DOSY experiments can be alternative approach for the analysis of mixtures in 

solution. Here, we present an efficient solid mixture analysis method on the solid-state NMR 

spectroscopy.In this ROSY(Relaxat ion Ordered SpectroscopY) experiments, the 1H longitudinal (T1) 

relaxation time is used to separate the overlapping 13C chemical shift spectra of solid mixtures via an 

inverse Laplace transform(ILT) of the relaxation dimension. The principle is that rapid intra domain spin 

diffusion caused by strong 1H-1H dipolar coupling in solid samples equalizes the 1H T1 relaxation in a 

domain. Through this technique, a solid mixture of synthetic polymers can be separated on a solid NMR 

spectrum. 
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Observation of eletrocatalytic reaction about p-AP oxidation on 

ferrocene mixed SAM au electrode 
 

YESOL SONG, Sunghyun Kim1, Seong Jung Kwon2,* 
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1Chemistry, Konkuk University, Korea 
2Department of Chemistry, Konkuk University, Korea 

  

In electrochemically biosensor study, various method was introduced. Study for ferrocene mixed SAM 

usually uses cyclic voltammetry for detecting p-AP(p-Aminophenol) oxidation with ferrocene. Ferrocene 

use as catalyst for p-AP oxidation. So p-AP contained solution reaction with ferrocene, then oxidation peak 

sharply increased. This reaction mechanism is usually applied for electrochemical biosensor. Biosensor 

using Au electrode with ferrocene mixed SAM and Alkaline phosphatase (ALP) conjugated biomolecule 

for reacting p-APP(p-Aminophenol Phosphatase) to p-AP. In these solution, electrocatalytic property of p-

AP oxidation with ferrocene showed a much higher peak current. In backward cylic voltammetry scan, 

reduction peak current of quinoimide produced by p-AP oxidation is not observed. Because electron 

transfer to quinoimide from ferrocene doesn’t preferred thermodynamically. These mechanism can applied 

for electrochemical biosensor. 
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Efficient phosphoproteome analysis of tandem mass tags (TMT) 

labelled peptides 
 

Suhwan Kim, Sang-Won Lee* 
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Protein phosphorylation is one of the most important post-translational modifications of proteins and plays 

a key role in almost all cellular and developmental processes encompassing signal transduction, 

translocation and protein-protein interaction. Unfortunately, the analysis of protein phosphorylation is very 

challenging due to low stoichiometry, thus enrichment process of phosphorylated peptides is necessary 

prior to analysis by mass spectrometry. There is some report that tandem mass tags (TMT) conjugation 

interferes with the enrichment process, thus the enrichment must be carried out prior to isobaric labeling. 

However, this method is time consuming and expensive because each sample has to be enriched separately. 

In this study, we compared two different methods: one with a column desalting step at mid pH condition to 

remove TMT reagents before the enrichment process and one without the column desalting step. As a result, 

we not only identified 11,500 more phosphopeptides in complex pancreatic cancer sample compared to 

non-desalting method, but also with higher specificity. 
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Comprehensive proteome profiling of human plasma to identify novel 

biomarker of Alzeheimer’s disease 
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Alzheimer’s disease (AD) is the most common dementing disease in the elderly. However, there is no 

reliable diagnostic tool for AD and mild cognitive impairment (MCI) in a molecular level. In this study, a 

comprehensive proteome profiling of human plasma was performed to identify novel plasma biomarkers  

of AD and MCI using LC-MS/MS analysis. A total of 50 plasma samples categorized into five different  

groups (PIB- normal, PIB+ normal, PIB+ MCI, PIB- MCI and PIB+ AD) were collected. Fourteen most 

abundant proteins were removed by immunoaffinity depletion. Depleted plasma samples were labeled with  

the 6-plex TMT reagent for quantitation and extensively fractionated based on mid pH RPLC. After global 

proteome profiling, N-glyco peptide enrichment was conducted using a modified filter-aided capture and 

elution (FACE) method. By extensive global proteome profiling and N-glyco proteome profiling, a total of 

6,295 protein groups were identified and among those, 357 were determined as differentially expressed 

proteins (DEPs). 
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“Hidden” isocratic elution prior to gradient elution increases the 
utilization of LC-MS/MS experiment time for efficient proteomic 

analyses 
 

Do-Woon Nam, Sang-Won Lee*, Hangyeore Lee, Jeonghei Choi 
 

Department of Chemistry, Korea University, Korea 

  

In advanced proteomics, liquid chromatography - tandem mass spectrometry (LC-MS/MS) is commonly  

used to characterize proteins and proteomes and, moreover, to discover candidate biomarkers. To do so, 

complex peptide mixture should be effectively resolved by high-resolving power LC with selected 

separation method. Reverse-Phase Liquid Chromatography (RPLC) which is generally used in proteomics 

can be subdivided into isocratic and gradient from elution type. Isocratic elution method have the advantage 

of separating hydrophilic peptide while gradient elution method have merit of separating hydrophobic 

peptide. We employed a new separation method by combining isocratic elution method and gradient elution 

method and applied it to dual online-ultrahigh pressure liquid chromatography (DO-UHPLC) system. DO-

UHPLC system has two time bases which allows one pump to perform gradient elution while another pump 

can simultaneously carry out equilibration, injection, and isocratic elution. When injected sample finished 

isocratic elution by one pump, it instantly switched into gradient elution pump and start analyzing. 

Consequently this method increase total elution time during the same analysis time and hydrophilic peptides 

in sample mixture can be separated. Thus, this new mixed separation method allows us to exploit overall 

separation space while using almost 100% LC-MS/MS duty cycle. 
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Isolation of Microcystin-LR from Cyanobacteria and Its Solution 

Structure Elucidation by 2D-NOESY Back-calculations 
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The microcystins is a cyclic heptapeptides produced by diverse cyanobacteria. The formula for these 

compounds is cyclo[2,3-didehydro-N-methyl-Ala-D-Ala-L-X-erythro-3-methyl-β- D-Asp-L-Y-Adda-γ-D-

Glu], where Adda is 3-amino-9-methoxy-2,6,8-trimethyl-10-phenyldeca-4E,6E-dienoic acid, and X and Y 

are two of several common L-amino acids. These microcystins are powerful inducers of tumours and inhibit  

the serine/threonine phosphatases(PP-1 and PP-2A) for growth. Microcystin-LR associates with high 

molecular, liver cytosolic components. In this study, we isolated microcystin-LR from cyanobacteria(blue-

green algae) obtained from Dae-cheong Dam. Microcystin-LR was extracted from purification by HPLC 

method and identified by LC-MS/MS and DAD detector. 1H-NMR and 2D-NMR(COSY, TOCSY, NOESY) 

experiments were accomplished in DMSO-d6 and signal assignment of microcystin-LR was made. The 

solution structure of this compound was investigated with use of 2D-NMR and distance information. The 

distance information between proton pairs was obtained by NOE cross peak intensities of NOESY spectrum. 

On the basis of these distance data, distance geometry and molecular dynamic were carried out to determine 

the tertiary structure of microcystin-LR. DG structure of microcystin-LR was low penalty value (0.1 to 0.2 

Å), and the total RMSD obtained upon superposition of all atoms were in the range (0.3 to 0.6 Å). 
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Nodularin is a toxic and cyclic pentapeptide produced by the filamentous, planktonic cyanobacterium 

nodularia spumigena. The formula for this compounds is cyclo[(Z)-2,3-didehydro-N-methy l- 2-

aminobutanoyl-erythro-3-methyl-β-D-Asp-L-Arg-Adda-γ-D-Glu], where Adda is 3-amino-9-metho xy-

2,6,8-trimethyl-10-phenyldeca-4(E),6(E)-dienoic acid. Nodularin is a similar structure to microcystin and 

seven isoforms have been reported. These nodularins are potent hepatotoxin in humans and other animals . 
1H-NMR and 2D-NMR(COSY, TOCSY, NOESY) experiments were accomplished in DMSO-d6 and signal 

assignment of nodularin was made. The solution structure of this compound was investigated with use of 

2D-NMR and distance information. The distance information between proton pairs was obtained by NOE 

cross peak intensities of NOESY spectrum. On the basis of these distance data, distance geometry and 

molecular dynamic were carried out to determine the tertiary structure of nodularin. DG structure of 

nodularin was low penalty value under 0.3 Å, and the total RMSD obtained upon superposition of all atoms 

were in the range under 0.5 Å. 
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Comprehensive analysis of the RNAlater effect on global proteome and 

phosphoproteome of human pancreatic tumor tissues 
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Pancreatic tumor tissues contain a variety of enzymes including DNases, RNases and proteases which may 

lead to autolysis during sample processing. In general, RNAlater can be used to keep the molecules (mainly , 

nucleic acids) intact since it contains high concentrations of quaternary ammonium sulfates which denature, 

for example, RNases and DNases. However, it is largely known whether RNAlater affect the qualitative 

and quantitative information of proteome and phosphoproteome. Thus, we have carried out a systematic 

and comprehensive analysis of the RNAlater effect on the proteome and phosphoproteome.. Pancreatic 

tumor tissues from three patients were pulverized using Covaris CP02 Cryoprep device and then half of 

powders was stored at -80 °C (FF) and the other half was incubated in RNAlater at 4 °C for 24 hours. We 

used the 6-plex TMT for labeling on the peptide after modified FASP (Filter Aided Sample Preparation) 

for digestion. Labeled sample were separated into 24 fractions by mid pH reverse phase liquid  

chromatography. Then, a portion (~8%) of each mRP fraction was subjected to LC-MS/MS to profile the 

global proteome and the rest (~92%) was concatenated into 12 fractions, each of which were then performed  

IMAC–based phosphopeptide enrichment. As a result, the global profiling identified 186,941 unmodified  

peptides of 9,152 protein groups, 18,705 phosphopeptides (15,842 phosphosites). We have observed the 

narrow distribution of quantitative changes in phosphorylation between the FF and RNAlater. Therefore, it 

was confirmed that stored tissues in RNAlater do not significantly affect the proteome and 

phosphoproteome of pancreatic cancer tumors. 
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Characterization study for partial active site structure of microcystin 

using 2D-NMR 
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The microcystin is a cyclic heptapeptide from metabolites of cyanobacteria. It is a potent inhibitor of the 

catalytic subunits of protein phosphatase-1 and –2A (PP-1c and PP-2Ac) as well as powerful tumor 

promoter. The active site of microcystin actually has two metal ions Fe2+/Zn2+ close to the nucleophilic  

portion of PP-1-microcystin complex and various monovalent/divalent ion binding studies were made for 

microcystin and protein phosphatase-1-microcystin complex. Recently reported that, metal ions in the 

protein phosphatase create a region of positive electrostatic potential at the active site and potassium salt 

inhibits growth of cyanobacteria.To investigate the detail structure information elucidating and catalytic 

roles of metal ions in microcystin, we prepared two synthesized mimic peptides micro-A and micro-B 

which has similar structure to microcystin active site. The solution structure determination of two peptides 

were assigned with 1H-NMR and 2D-NMR (COSY, TOCSY, NOESY) experiments. On the basis of these 

completely assigned NMR spectra and distance data, distance geometry(DG) and molecular dynamic(MD) 

were carried out to determine the structures of micro-A and micro-B. The proposed structure was selected 

by comparisons between experimental NOE spectra and back-calculated 2D-NOE results from determined  

structure showing acceptable agreement. 
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Unambiguous precursor mass assignment and complementary multi-

stage database search increase accuracy and sensitivity in peptide 
identification of data-independent acquisition mass spectrometry data 
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Many proteomic researchers have been turning their interests from obtaining extensive protein 

identification to providing robust and large-scale quantitative information. Data-independent acquisition 

(DIA) approach has emerged as a promising strategy with the development of advanced mass spectrometer 

and data analysis tool. However, accurate and sensitive interpretation of highly complex multiplexed  

MS/MS spectra acquired through DIA experiment still remains a challenge. In this study, we present a 

novel DIA data analysis strategy including unambiguous precursor mass assignment and complementary 

multi-stage database search. Previously developed mPE-MMR (multiplexed post-experimental 

monoisotopic mass refinement) procedure was introduced to determine precursor mass unambiguously 

from multiplexed MS/MS spectra acquired through DIA experiment. Generated MS/MS data with  

accurately assigned precursor mass were subjected to multi-stage database search of MS-GF+, spectral 

library search and MODplus under narrow precursor ion tolerance. Comparing to conventional DIA data 

analysis approach which does not consider precursor mass during database search, our strategy effectively 

increases accuracy and sensitivity in peptide identification. 
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Diagnosis of Diabetes Mellitus 
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Diabetes Mellitus (DM) is a chronic disease that occurs with complications such as cardiovascular disease. 

One-third of high risk population in DM undergo the disease but early diagnosis of DM could prevent the 

progress of disease. Thus the biomarker discovery for early diagnosis of DM is very important. Here, we 

report the quantitative proteomic analyses results from 80 high risk DM patient serum samples for 

development of diagnostic methods for diabetes. Two groups of baseline and follow up serum samples were 

obtained each patient for analyzing changes in protein expression: 20 Low ISI & High IGI group (ISI: 

Insulin Sensitivity Index, IGI: Insulinogenic Index), 20 High ISI & Low IGI group. Each group was 

consisted of 10 control patients and 10 disease patients.For deep serum proteome profiling, highly abundant 

serum proteins were depleted using IgY14 column and then low abundant proteins were digested using 

trypsin enzyme. 6-plex TMT labeling was performed on five peptide samples and a universal reference 

sample, a combined peptide sample from all 80 serums, resulting in a total of 16 TMT labeled peptide sets. 

Each of the TMT peptide sets was divided into 24 fractions using mid-pH RPLC fractionation. A total of 

384 fractions were generated and each fraction was individually analyzed by LC-MS/MS.A total 3,198 

serum protein groups were identified by 63,724 unique serum peptides resulting from 384 LC-MS/MS 

datasets. We selected the 68 biomarker candidates generated by clustering analysis of 253 differentially  

expressed proteins for high risk population in DM. 
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Generation Data Analysis 
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Large-scale cancer genome sequencing studies have generated an extensive catalogue of mutations as 

disease biomarker and potential therapeutic targets. Difficulty in differentiating the driver and passenger 

mutations hurdles in the future development of drug targets hypothesis. Proteins are central to cellular 

functions, and mutated proteins can drive the initiation of tumor, progression and thereby act as targets to 

treatment. Proteomics enable an opportunity for functional interpretation of these mutations for better 

understanding of etiology of cancer development and thence target for therapeutic developments. 

Proteogenomics provide opportunities for protein level validation of genomic alterations guided by 

genomics data (RNA-Seq/Exome Seq). More than 300 different types of protein modifications have been 

described, many of which are known to have pivotal roles in cellular physiology. Protein and their PTM 

sites is key to dissection of PTM-mediated cellular processes and disease. Here we developed a sensitive 

method utilizing multi-stage database search for comprehensive proteomics data analysis to complement  

genomics sequencing data. We employed two complementary search engines, MS-GF+ and MODa/MODi 

here. The tandem MS data were first subjected to MS-GF+ database search (1st stage search) for mutation 

search using RNA-Seq guided sample specific mutated proteomics database (generated using 

CustomProDB) and the unidentified MS/MS data from the 1st stage search were analyzed with the 

combined use of MODa and MODi (2nd stage search), tools for blind and unrestrictive modification search 

using the same sample specific mutated proteomics database, respectively. When combined with mPE-

MMR, a tool for accurate and extensive precursor masses assignments to co-fragmented MS/MS data, our 

method was shown to significantly increase the identification of peptides, post-translationally 

modified(PTMs) peptides, mutated peptides/genes. The developed method will be used for integrated 

cancer proteogenomic analyses. 
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Sensing strategies for foodborne pathogens have been developing as rapidly analyzing, convenient and 

cost-effective sensors throughout the past decades. Here, we developed a three-dimensional paper sensor 

for five species of foodborne bacteria, Escherichia coli, Escherichia coli O:157, Salmonella spp., 

Staphylococcus and Listeria monocytogenes, with using the chromogenic substrates specific to the enzyme 

of each bacterium. This compact-sized sensor was fabricated with multi-layered filter paper which is 

patterned by wax-ink to form hydrophobized walls in the paper matrix. Each layer contains lysis, oxidizing  

and chromogenic substrate reagent for effective enzyme-substrate reaction. Each pathogen was 

qualitatively detected by observing the color developments of the bottom layer with naked eyes. Further 

quantitative analysis was realized by digitalizing the color changes. The color developments were 

detectable within 30 min after injecting 50μL of sample. When conducted with enrichment step (taking 12 

hours or less), the sensor was able to sensitively detect as low concentration of the analytes as 101 cfu/ml. 

The three-dimensional paper sensor is potable, selective and easy-to-use analytic device for first screening 

detection and quantitative analysis of foodborne pathogen. 
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The development of an effective sensing platform is necessary for highly selective, sensitive, and rapid 

screening of specific antibiotics. In this study, graphene oxide was adopted to efficiently quench the 

fluorescence emission of three different fluorophores. Graphene oxide quenched fluorescently modified  

aptamers with efficiencies of 94.36%, 93.94%, and 96.97% for Cy3, FAM, and Cy5, respectively. An 

endonuclease-assisted cyclic enzymatic signal amplification method was used for sensitive detection of 

antibiotics (e.g., sulfadimethoxine, kanamycin, and ampicillin), resulting in a 5-fold increased signal 

compared to that of unamplified fluorescent methods. The aptasensor rapidly detected antibiotics in solution 

with limit of detection values of 1.997, 2.664, and 2.337 ng/mL for sulfadimethoxine, kanamycin, and 

ampicillin, respectively. In addition, antibiotics dissolved in milk were efficiently detected with similar 

sensitivities. These results indicate that the aptasensor offers high specificity for each antibiotic and enables 

simultaneous and multicolor sensing for rapid screening of multiple antibiotics. 
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ganglioside analysis: the role of ammonium bicarbonate additive 
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Gangliosides are acidic glycosphingolipids which contain sugar chains with a variety of sialic acid residues. 

There are hundreds of variations in ganglioside structures based on compositions and structures of 

oligosaccharide head groups as well as compositions of ceramide cores. However, most LC/MS studies did 

not include separation of these structural isomers. Recently, we developed a simple and reliable LC method 

with a conventional C18 column that can effectively resolve ganglioside isomers such as structural isomers 

of disialogangliosides, designated to GD1a and GD1b, which are known to be major species in mammal 

brains. In this LC method, the key component was the salt additive, ammonium bicarbonate. Therefore, in 

this study, we focused on optimizing salt additive condition and trying to reveal a separation mechanism 

behind this phenomenon. Finally, we applied the LC/MS method with the optimized salt additive condition 

to the analysis of the total ganglioside extract from porcine brain and successfully analyzed individual 

isomers of di- and tri- gangliosides. 
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Investigation of quantitative performance of paper cone spray 

ionization (PCSI) mass spectrometry (MS) 
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Paper cone spray ionization (PCSI), an extractive ambient ionization method for mass spectrometry (MS), 

is a modified version of paper spray ionization (PSI) for raw solid material analysis. The major modification  

from conventional PSI was the geometry of the paper base: PCSI uses a triangular-pyramidal-shaped paper 

tip instead of a planar triangular-shaped one. This three-dimensional paper cone serves as a sample 

container, an in situ liquid-solid extraction chamber, an analyte transport channel, as well as an electrospray 

tip. Unlike conventional PSI MS, a weighing paper with relatively low permeability was found to be more 

suitable for PCSI MS than other papers. In contrast to the previous PCSI MS studies that mainly focused 

on qualitative, fingerprinting analysis, this study aims to evaluate quantitative performance of PCSI MS. In 

order to achieve this, we prepared a model pharmaceutical powder consisting of avicel, microcrystalline 

cellulose that is the most widely used direct-compression tablet filler, and acetaminophen. We performed  

wicking-mode PCSI MS analysis with model powders with various contents of acetaminophen and 

successfully obtained solid-liquid extraction patterns and intensity information of acetaminophen ions. 

From the results, we found that PCSI MS showed a good linearity although its range was somewhat limited . 
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Home built solid-state NMR probes: relevance to practical research 
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The most important focus for the solid-state NMR chemist is an insight to predict the conformation and to 

control the properties of new materials. Key to this is an understanding the relationship between the 

structure and function in solid state, the first thing to do is research of detailed structural characterization. 

Solid-state NMR spectroscopy has the particular capability what other techniques do not have to study both 

molecular structure and dynamical aspects of biomolecules as well as many solid state materials used at 

industrial site.We made the elaborate solid-state NMR probes for practical researches such as characterizing 

membrane proteins and defining of molecular dynamics in high tech devices. Here, we present the 

optimized design, construction, and efficiency of a home-built 400 MHz wide-bore (WB) & narrow bore 

(NB) 1H-15N solid-state NMR probe and a home-built 800 MHz NB 1H-15N solid-state NMR probe for 

lossy samples. We will also announce a home-built 400MHz and 500 MHz NB 19F-13C solid-state NMR 

probes for analyzing nano-materials and LCD panel respectively and 600 MHz NB 19F-7Li solid-state 

NMR probes with solenoidal coil for investigating Li-ion battery. These were the first application for the 

in-situ analysis of LCD panel and in-situ analysis of Li ion battery pack samples. And finally we will 

introduce our recent commission task project “Development of sample dependent Solid-state NMR probe 

for the analysis of nanomaterials”. 
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Since the human transmembrane proteins (hTMPs) perform various biological functions such as ion 

channels, signal transduction, and intercellular communication, it is worth identifying the structure of the 

hTMPs. Membrane proteins are also related to various human diseases, therefore it is attracting attention 

as a purpose of new medicine development. Human melanocortin-4 receptor (hMC4R) is one of hTMPs 

related to eating disorder and obesity because it is main controller of body weight and energy homeostasis. 

Multiple different mutations in hMC4R are inheritable reasons of severe obesity. Especially, it has been 

called that D90N mutation, which is 90th amino acid, aspartic acid located second transmembrane domain  

(TM2) was substituted to asparagine. It was found in the patients with early onset obesity. We consider that 

functional loss of mutant hMC4R-TM2(m- hMC4R-TM2) is caused by structure change of wild type 

hMC4R-TM2 (wt-hMC4R-TM2). To study functional difference of m-hMC4R-TM2 and wt-hMC4R-TM2 

in the progression of early onset obesity, we have confirmed three-dimensional structure of two different 

peptides. It is important to obtain high yield and high purity of expressed proteins for investigate the 

structure of wt/m-hMC4R-TM2. The FPLC using sodium dodecyl sulfate (SDS) as detergent due to 

hydrophobicity of target proteins was applied to separate the target transmembrane proteins from impurities . 

The transmembrane protein obtained with higher yield and purity after removing SDS was applied to 

various biophysical techniques like MS, CD, solution NMR spectroscopy, and solid-state NMR 

spectroscopy. 
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In this study, powdered cockle shell was used as a bio-sorbent material for the removal of phosphates in 

water. The SEM-EDX, XRD and FT-IR analyses showed that calcium carbonate (CaCO3) exists in 

aragonite state in powdered cockle shell. The effect of pH, contact time and initial concentrations of 

phosphate was investigated in a series of batch-sorption experiments. Among the various factors studied, 

the pH was turned out to be a key variable for phosphate removal. Based on the experimental results for 

pH, it was found that the phosphate is chemically sorbed onto aragonite surface. At lower phosphate 

concentration, roughly 88% of sorption efficiency was accomplished by powdered cockle shell. The 

pseudo-second-order kinetic and the Langmuir isotherm models were fitted well to the sorption data of 

phosphate because of their higher correlation coefficients (R2). 
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In this study, method validation for content analysis of the extracts of Aster glehni, a native plant of 

Ulleungdo, was conducted. The operating conditions were composed of LUNA C18 (5 μm, 250 ⅹ 4.6 

mm, Phenomenex, Torrance, CA, USA) column, 1.0 mL/min for flow rate, and total 40 minutes for gradient 

elution parameter. In this process, a problem was posed that marker compound, 3,5-Dicaffeoylquin ic 

acid(3,5-DCQA), peak was not separated completely from adjacent peak. To resolve this problem, 

resolution improvement of 3,5-DCQA peak was attempted by new analytical method. The resolution 

improvement research was conducted through changing analytical conditions such as column, flow rate, 

and gradient elution parameter. A column was changed to Kromasil 100-5-C18 (250 ⅹ 4.6 mm, 5 μm). 

Flow rate was changed to 0.8 mL/min. Gradient elution parameter was also revised to 26 minutes. A better 

resolution was confirmed with altered operating conditions. Consequently, method validation was 

conducted to verify the changed analytical method. The results of changing analytical method, it was 

obtained that resolution of 3,5-DCQA peak was higher than the standard resolution, 1.5. It was also 

confirmed that 3,5-DCQA peak was completely separated on the chromatogram without interference by 

adjacent peak. Furthermore, the results of method validation, system suitability, specificity, linearity , 

accuracy, and precision were meet the criteria. 
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Separation of (S), (R)-omeprazole which is a medication for the treatment of gastroesophageal reflux 

disease and peptic ulcer disease was performed on a lab-built capillary electrophoresis (CE) system coupled 

with a ultraviolet (UV) detector at 301 nm. In this study, 2-hydroxypropyl β-cyclodextrin (HP-β-CD) 

dissolved in 20 mM phosphate buffer (pH 6.0) was used as the chiral additive and the identification of 

omeprazole enantiomers dissolved in stock solution (CH3OH : NaOH = 9 : 1, v/v) was carried on the 

capillary with a total length of 40 cm and effective length of 25 cm based on capillary zone electrophoresis. 

Analysis times, shorter than 16 min were found using a background electrolyte solution consisting of 20 

mM phosphate buffer conditioned to pH 6.0, 40 mM HP-β-CD, hydrodynamic injection (siphoning), and 

15 kV separation voltage. 
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As the elderly population grows, yoga gets more popular as one of the exercises to improve the quality of 

life and health of the elderly. Glycoproteins in human plasma are known to be deeply associated with 

multiple diseases, cell differentiation, aging, and etc. We study the efficacy of yoga by identifying and 

comparing the glycoproteins in human plasma from both Advanced level group and Beginner level group 

before and after participation in a fall-prevention yoga program. Glycoproteins are affinity-selected from 

their plasma using self-packed LEL columns and then trypsin digested. After that, the proteins in both 

groups are identified with nLC-MS/MS and database searches. The results show that the number of plasma 

glycoproteins in Advanced level group is less than that in Beginner’s group, demonstrating an inverse 

correlation between number of plasma glycoproteins and yoga experience. 
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Raman spectroscopy is a non-destructive and effective spectroscopic tool when investigating chemical 

components of materials. Raman spectroscopy has various advantages as well as non-destructive analysis. 

It measures the chemical composition, structure, and binding of a sample by measuring the molecular 

vibration mode of scattered light by a laser. This property provides a sensitive measure for artistic and 

cultural characterization because Raman spectroscopy has practically historical value and is not damaged 

in samples that provide chemical fingerprints to sample identification. In addition, Raman spectroscopy has 

advantages such as portability and field monitoring .However, the radioactive fluorescence of the paints 

interrupt to measure Raman signals. To avoid this problem, we use various lasers to check the paints. 

Resonance Raman scattering (RSR) can be used to avoid fluorescence, the relevant region of the electron 

state, and to take on an improved Raman signal. Resonance Raman measurements were performed using a 

microscope (Olympus Bx73) coupled to a spectrometer (Andor Shamrock 303i) with a charge coupled 

device (Andor iDus 420). The lasers used was 488 nm Ar-ion, 532 nm diode and 632.8 nm He-Ne laser. In 

this study, the oil paints (ShinHanart) of different colors are mixed in a mass ratio and then received Raman  

signals by various lasers. Through the obtained signals, the correlation is found according to the ratio of 

each color. Using this correlation can be seen that the ratio of unknown paint. In conclusion, we analyzed 

the paint to help create a database to help identify chemicals by using resonance Raman methodology. And, 

it will help in the preservation and restoration of old paintings. 
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Spatially offset Raman spectroscopy (SORS) is a powerful tool that inspects the chemical information of 

internal components hidden in container. In the SORS measurement, the Raman signal of the internal 

components strongly observed as the distance between the laser irradiation point and the detection point 

increases. However, it is difficult to identify the Raman signal of the internal component because the Raman 

signal of the container material interferes with the signal of the internal component. The curve resolution 

methods such as multivariate curve resolution alternating least square (MCR-ALS), two-dimensional 

correlation analysis, self-modeling curve resolution (SMCR) are used to resolve the interference. However, 

the separation of the perfect spectrum is difficult because the Raman signal of the container does not 

disappear. In addition, in order to perform curve resolution, it is necessary to measure a lot of spectrum 

according to offset. In this study, we developed a device for measuring hyperspectral SORS image to 

confirm inner component, and classified the hyperspectral SORS images using machine learning. The 

hyperspectral SORS image, obtained using a large area CCD, contains a spectrum of several hundred offsets 

per image. We simply studied the pattern of this SORS image using machine learning to identify the 

constituents of the internal component. Machine learning can learn the composition of the internal 

component hidden in the container through learning. Therefore, our research has the potential to require 

accurate identification of the substances hidden in the container. 
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Chiral diastereomeric compounds, e.g. ephedrine,1 1,2-diaminocyclohexane2 and 1,2-diphenylethane-1,2-

diamine(DPEDA),3 have been applied in fields of chiral separation as analytes and chiral selectors. Among 

these diastereomeric chiral stationary phases (CPSs), DPDEA based CSP, called “ULMO’, was 

commercialized and showed impressive chiral resolutions. (R)- phenylglycinol was used as a starting 

material for two different types of chiral selectors, such as a 3,5-dinitrobenzoyl(DNB) derived CSP(CSP 1) 

and C3 symmetric CSP(CSP 2) by our group.4 In this study, we used three chiral diasteromeric compounds 

such as (R,R)-DPDEA(ULMO), (1R,2R)-(+)-2-amino-1,2-diphenylethanol, and (1S,2R)-(+)-2-amino- 1, 2-

diphenylethanol as starting materials for preparing three N-DNB derivative CSPs(CSP 3, 4, 5) and three C3 

symmetric CSPs(CSP 6, 7, 8). The newly prepared CSPs were applied to chiral separation as HPLC chiral 

stationary phases.1J.J. Ryoo, J Chromatogr A 2003, 987, 429.2G. Cancelliere, J Chromatogr A 2010, 1217, 

990.3G. Uray, Chromatographia 1990, 30, 323.4J.J. Yu, D.W. Armstrong, J.J. Ryoo, Chirality 2018. 30, 74. 
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Matrix-assisted laser desorption ionization (MALDI) mass spectrometry is a powerful means for 

characterization of large and complex molecules. However, due to the sweet spot issues that intrinsically 

arise from inhomogeneous matrix-analyte crystals utilized as MALDI samples, its reproducibility in ion 

generation and thus its applications for quantification have been rather limited. In this letter, we demonstrate 

a simple strategy to improve uniformity of matrix-analyte crystal spots, which was realized by adapting 

non-inert, interacting surfaces on purpose for the first time, i.e. large-area graphene films in this study, as 

target surfaces. The graphitic surfaces of graphene films may interact with excessive matrix molecules  

during the sample drying process, which induces apparently uniform crystallization of MALDI sample 

spots on the surfaces. Furthermore, high-resolution mass spectrometric imaging revealed that analytes 

embedded in the crystals formed on the graphene films were more evenly distributed over a MALDI sample 

spot than those commonly produced on the metal target plates, which as a result greatly suppresses 

appearance of sweet spots. In virtue of improved uniformity of MALDI sample spots, this method showed 

good linear responses of ion intensity to analyte concentrations (R2 > 0.99) as well as small fluctuations (s 

< 10%), which would be applicable for quantitative mass spectrometry using the MALDI method. 
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Natural products are small molecules produced by organisms including primary and secondary metabolites. 

They include small molecules which have complex chemical structures. Recently, mass spectrometry (MS) 

has experienced major instrumental advances for natural product with high sensitivity and specificity. 

However, analysis of natural product is difficult to identify because of complexity of MS results. Therefore, 

library is necessary for characterization of natural product. We selected 1,400 natural products to consider 

the diversity of the structure. We analyzed the natural products using various mass spectrometry including 

Orbitrap MS, Triple Time-of-flight (Triple TOF) MS and Quadrupole Time-of-flight (Q-TOF) MS for 

spectral library. In this study, all spectra were obtained in positive ion mode and five different collision  

induced dissociation (CID). The resulting tandem data has built in-house library that included molecular 

weight (m/z), adducts and collision energy. We suggest that tandem spectral library of natural products is 

useful information to unknown secondary metabolite analysis for the structural characterization. 
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Quantitative proteomics measures abundance changes of many proteins among multiple samples in a high-

throughput manner. Results from such measurements provide information on how biological systems 

respond to environmental perturbations at a genomic scale. A number of methods have been developed for 

quantitative proteomics to obtain high proteome coverage, accurate quantification, and wide applicability  

to different types of samples. We have developed an automated label-free protein quantification method 

that utilizes the combined intensity of top three isotope peaks at three highest MS spectral point. It was 

named three isotopes quantification (TIQ) that allows for a comparative protein analysis in a computational 

manner. The efficiency of TIQ was demonstrated by a benchmark dataset with two proteomes at known 

ratios. We accurately detected the mixing ratio over the entire protein expression range, with greater 

precision for abundant proteins. The performance of TIQ was also compared to that of SWATH-MS in 

terms of the number of quantified peptides and proteins and the specificity to detect differentially abundant 

proteins, where SWATH-MS is another approach for label free protein quantification utilizing the MS/MS 

intensity. There are a few advantages to TIQ. First, because it requires no peak area generation from the 

extracted ion chromatogram (XIC), it allows high-speed quantitation. Second, it is effective to remove 

signal interference from co-eluted ions with similar m/z values by evaluating the isotope pattern. And third, 

considering top three isotope peaks provides more sensitive results with better S/N ratios. 
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Amyloid beta peptide (Aβ) is produced through sequential proteolytic cleavage of amyloid precursor 

protein (APP) which is a transmembrane protein by β- and γ- secretases. Aβ accumulation in human brain 

is considered to be an early toxic event in the pathogenesis of Alzheimer’s disease (AD) which is the most 

common cause of dementia. Currently, the pathological and physiological forms of Aβ, the structure of Aβ 

aggregates which is believed cause of AD and the mechanism of Aβ aggregation are not clear. To 

characterize the structure and aggregation mechanism of Aβ species, we used AFM force mapping mode 

to investigate their surface structure at the molecular level. In this research, several models were set up to 

reveal surface structure of Aβ aggregates based on structural property of Aβ peptide. The structural models 

were as follow: 1) only N-terminus of Aβ exposed, 2) only C-terminus of Aβ exposed, 3) Both ends of Aβ 

exposed and 4) Both ends of Aβ unexposed. We used two different kinds of anti-Aβ probes in order to 

determine which model fits surface structure of Aβ aggregates. As a result, we observed specific interaction 

between Aβ and both C/N-terminal specific antibody suggests a surface structure model in which both N-

terminus and C-terminus are exposed at the surface. 
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Alzheimer’s Disease(AD) and Parkinson’s Disease(PD) are neurodegenerative diseases resulting in 

progressive degeneration or death of neuron cells. These are associated with the aggregation of misfolded  

proteins ‘Amyloid-beta (Aβ)’ and ‘Alpha-synuclein (α-syn)’ at each of the disease. It is known that Aβ and 

α-syn ‘oligomer state’, which represent intermediates in the fibril formation process may be primarily  

responsible for pathogenesis. And growing evidence suggests that Aβ and α-syn might exist in one oligomer 

and promote the aggregation of one another in AD/PD pathology causing the disease to worsen further. 

However, studies of Aβ and α-syn mixture oligomer have been sparse and indirect. Here, oligomer surface 

information could be characterized at the single-molecule level by AFM (Atomic Force Microscopy) and 

AFM tip modification process. With the AFM imaging mode and force mapping mode, morphology image 

of oligomer and surface information can be obtained with each Peptide specific antibody-tethered tip. 

Through overlapping the image and the force map, we can get information about specific target molecule’s  

distribution. And with the AFM tip modification process, Dendron-coated surface of the tip has an ample 

spacing inducing to a single interaction between the tip and oligomer. This research is able to overcome the 

limitations of traditional ensemble averaging methods and analyze in a new way that they did not. 
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Unlike conventional invasive biopsy method, non-invasive liquid biopsy has come into the spotlight to 

obtain information about cancer from present biomarkers such as circulating free DNA (cfDNA), exosomes, 

circulating tumor cells (CTCs) in patient`s blood. Especially, it can be used for diagnosis and prognosis of 

cancer to detect genetic alterations of circulating free DNA (cfDNA) related to cancer.In the past few years 

there have been many endeavors to reveal correlation between cfDNA and cancer. Here we propose a new 

methodology using atomic force microscopy (AFM) to quantify tumor-specific genetic aberrations 

involved in point mutation and methylation change of cfDNA with very low abundance.Quantification of 

cfDNA is under way by using MutS protein with the ability to recognize DNA mismatches and 5-

methylcytidine-specific antibody. This unprecedented liquid biopsy followed by AFM will be a great help 

for conquering cancer.Reference1.Crowley, E.; Di Nicolantonio, F.; Loupakis, F.; Bardelli, A., Liquid  

biopsy: monitoring cancer-genetics in the blood. Nat. Rev. Clin. Oncol. 2013, 10 (8), 472.2.Lee, Y.; Kim, 

Y.; Lee, D.; Roy, D.; Park, J. W., Quantification of Fewer than Ten Copies of a DNA Biomarker without 

Amplification or Labeling. J. Am. Chem. Soc. 2016, 138 (22), 7075-7081. 
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MicroRNAs(miRNAs) are small noncoding single-stranded RNAs(~22nt) that are involved in protein 

transcription, physiological mechanisms such as development, differentiation, cell proliferation and 

apoptosis. They are also known to be associated with many diseases such as cancer, Alzheimer’s disease, 

myocardial disease. miRNA is shorter than general RNA, thus miRNA is amplified by PCR. In particular, 

the role of miRNAs in cancer has been extensively studied. miRNA analysis can be useful for early 

diagnosis or treatment of diseases. Currently, Polymerase Chain Reaction (PCR) is a conventional method 

to detect miRNA. However, it causes error in amplification process and analysis sensitivity is relatively  

low. In order to overcome the limitations of the conventional technology, I will improve the sensitivity 

more than 100 times using metal-enhanced fluorescence nanoparticles and microarray.Here we suggest new 

approaches to supersensitive analysis of miRNA using metal-enhanced fluorescence (MEF) nanoparticles 

and microarray. To detect miRNA, we use S9.6 antibody that is DNA/RNA hybrid-specific mouse 

monoclonal antibody. This approach is expected to perform parallel analysis with femtomolar-range 

sensitivity increased several hundred times more than the conventional methods.Reference1. Z. Hu, et al. 

Nucl. Acid Res. 2006, 34, e522. B. J. Hong, et al. Nucl. Acid Res. 2005, 33, 12 3. J. E. Park, et al. Nano 

Lett. 2016, 16, 7962 
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Schizophrenia is a mental disorder characterized by abnormal social behavior and failure to understand 

what is real. Several studies have shown that unregulated expression or altered protein structure of disrupted 

in schizophrenia 1 (DISC1) may predispose individuals to the development of schizophrenia, clinical 

depression, bipolar disorder, and other psychiatric conditions. Therefore, identification of protein level or 

post-translational modifications of DISC1 can provide targets for diagnosis and treatment of schizophrenia. 

Especially, post-translational modifications of DISC1 have been studied as a mechanism to regulate the 

interaction with these proteins under specific conditions. Recently, several studies have been discovered 

that phosphorylation of DISC1 plays an important role in the process of neural development.Conventional 

methods for protein analysis including western blotting, ELISA, and immunofluorescence have some 

problems that they have low detection limit and use fluorescent molecules. Also, we can’t know the 

information about a single cell because they measure ensemble average of molecules. Therefore, we analyze 

target proteins which are DISC1 and phospho-DISC1 in a single cell using atomic force microscopy (AFM). 

AFM have the capability to detect one to one interaction between antigen and antibody. By using nanoarray 

of fluidic force microscopy (FluidFM), trace amount of proteins can also be analyzed quantitatively without 

amplification and labeling in a single cell. Through quantitative analysis of proteins in a single cell level, 

we can establish new single cell technology and also understand cell-to-cell variation. 
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DNA methylation is one of the epigenetic mechanism that controls the function of genes without changing 

the genetic code. It is known that methylated DNA performs not only important genetic roles in normal 

cells, but also tumor cells. In cancer cells, DNA methylation has been observed differently from normal 

cells, and the degree of DNA methylation in cancer cells are thought to be epigenetic rather than genetic 

causes.Atomic force microscopy (AFM) have the capability of measuring intermolecular forces at the pico-

Newton level while scanning surfaces at the nanometer resolution. AFM force spectroscopy has been used 

to observe molecular interaction and dynamics at the single-molecule level. Here, we show a study method 

of methylated DNA using AFM. In our approach, a DNA polymerase (DNAP) was immobilized on an 

AFM tip. The DNAP was allowed to capture a duplex of primer/template DNA. Specific rupture events 

arising from the binding of complementary bases to the DNA/DNAP complex were observed on the 

nucleotide-immobilized glass slide.Through this study, we propose to identify differences in DNA 

methylation during DNA replication process using polymerase and investigate the degree of binding 

between the target DNA and its complementary base at the reactive site of the polymerase during the 

polymerization. It is expected that the current method would enable the DNA methylation to be studied at 

the single cell level.Reference1. Y. Bergman & H. Cedar. Nat. Struct. Mol. Biol., 2013, 20, 274.2. Y. J. 

Jung et al. J. Am. Chem. Soc., 2007, 129, 9349.3. P. W. Laird. Nat. Rev. Genet., 2010, 11, 191. 
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The accumulation of transcriptomic data from diverse stress conditions, development stages, organs and 

cultivars and gene co-expression network analysis can provides precise information for identifying the 

function of novel genes. Here we report a comparative analysis of rice genome-wide expression patterns to 

investigate novel genes involved in oxylipin biosynthesis and their functional characteristics. The oxylipin  

constitutes a family of oxygenated products which are formed from fatty acids and plays curial roles in 

plant stress and development responses. We gathered 210 transcriptome datasets resulted from Agilent rice 

44K DNA chip in NCBI GEO and our research team. Pearson correlation analysis was performed between 

34 jasmonic acid (JA, representative oxylipin) biosynthesis genes (17 LOXs, 2 AOSs, 3 HPLs, 1 AOCs, 

and 11 OPRs) and all genes (43494) on rice DNA chip. We selected genes with high correlation coefficient  

value (r > 0.7 or < -0.7), annotated their functions and then found genes involved in lipid epoxidation, 

hydroxylation and omega-hydroxylation, including 32 genes encoding caleosin/peroxygenase (3), 

cytochrome P450 78A (6), 86A (11), 89A (7) and 94A (5). Co-expression network analysis between 34 JA 

genes and 32 novel genes showed that there exist at least two oxylipin pathways in rice (HPL and AOC 

pathways) and they are reversely correlated. Furthermore, to characterize three novel genes encoding 

caleosin/peroxygenase (OsPXG), the genes (OsPXG7, OsPXG8, OsPXG9) were cloned and their 

biochemical features have been studied. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: BIO.P-262 

Area: Life Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Chemical function of α-synuclein monomers and oligomers on 

membrane fusion 
 

Gyeongji Yoo, Nam Ki Lee1,* 

 
School of Interdisciplinary Bioscience and Bioengineering, Pohang University of Science and 

Technology, Korea 
1Division of Chemistry, Seoul National University, Korea 

  

During the initial phase of Parkinson's disease, α-synuclein(α-Syn) monomers and oligomers are mixed in 

real neurons. Monomeric α-Syn functions as a chaperone protein for SNARE complex formation, and 

promotes neurotransmitter release. However, large oligomers inhibit vesicle fusion by blocking SNARE 

complex formation. Interestingly, both bind to the N-terminal of synaptobrevin-2. Using in vitro bulk 

vesicle fusion assay, we found that α-Syn monomers and oligomers inhibit lipid mixing synergistically. 

Also, we observed that this effect depends on the interaction of α-Syn with vesicle lipids. Our work can 

help us understand the role of α-Syn in the pathology of Parkinson's disease. 
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Application of the CRISPR/Cas9 technology to functional genetics and human therapeutics is hindered by 

its unintended off-target DNA cleavage effect. Here, we show that the incorporation of next-generation 

bridged nucleic acids (2’, 4’ BNANC[N-Me]) into CRISPR-RNAs (crRNAs) significantly reduces off-

target DNA cleavage by Cas9 in vitro and in cells. In addition, using single-molecule FRET technique, we 

show that the incorporation of BNA can affect dynamical aspects as well, including the crRNA-related  

conformational change between two distinct states with ‘open’ and ‘zipped’ structures. These results raise 

the prospect of highly target-specific gene-editing techniques using the CRISPR/Cas9 system and may shed 

light on new applications of synthetic nucleic acids. 
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The surface protein hemagglutinin (H) plays an important role in the attachment of influenza virus to host 

cells containing sialic acid and thus facilitate viral infection. In this study, we described a method for the 

selective electrical detection of subtype H1 using the isolated aptamer as a molecular probe. After 

immobilization of the aptamer on Si wafer, enzyme-linked immunosorbent assay (ELISA) and field  

emission scanning electron microscope (FE-SEM) showed that the immobilized aptamer specifically bound 

to only the H1 subtype but not the H5 subtype. Measurements by cyclic voltammetry (CV) also 

demonstrated that the immobilized aptamer on the indium thin oxide (ITO)-coated surface was specifically  

bound to the H1 subtype but not the H5 subtype, which was consistent with ELISA and FE-SEM. Further 

measurement of CV using various concentrations of H1 subtype provided detection limit of the immobilized  

aptamer, which showed that nanomolar scale of target protein was sufficient to produce the signal. 
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The RNA-guided CRISPR-Cas9 nuclease cleaves DNA targets, using recognition by base-complementarity  

to the RNA sequence. Originated from adaptive immune systems in prokaryotes, CRISPR-Cas9 has been 

widely applied to genome editing, but the mechanistic basis of its target specificity remains to be elucidated 

to understand and minimize off-target DNA cleavage. Here, using single-molecule FRET assays, we show 

that a non-nucleolytic domain within the Cas9 nuclease functions for enhanced off-target discrimination . 

This discriminator domain regulates the structural rearrangement of a non-target strand (NTS) of DNA, 

electrostatically inducing a non-cleavable conformation particularly for off-target sequences. This result 

reveals structural and dynamical aspects of the conformational regulation of NTS for DNA cleavage and 

provides a molecular mechanism for the target-specific activation of the Cas9 nuclease. 
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Glycans are important in several facets of neuronal development and disease. However, the metabolic 

labeling of surface sialoglycans in primary neurons is a difficult task because of the neurotoxicity of 

unnatural monosaccharides that are used as a metabolic precursor, which disturbing the progress of 

metabolic engineering in nerve fields. Therefore, in this paper, we report a neuro-compatible, sandwich 

neuron–astrocyte coculture system that neutralizes the neuro-toxicity of unnatural monosaccharides, 

allowing for the long-term tracking and characterization of sialoglycans in primary neurons in vitro, for up 

to 21 DIV. Two-color labeling via the metabolic labeling with peracetylated N-azidoacetyl-d-mannosamine 

(Ac4ManNAz), shows that neuronal activities, such as neurite outgrowth and recycling of membrane 

components, are highly dynamic and change over time during development. Especially in neurite 

elongation, the insertion sites of membrane components are suggested to not be random, but be 

predominantly localized in developing neurites. This work provides a research platform for metabolic-

labeling studies of glycans in primary neurons. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: BIO.P-267 

Area: Life Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Transcriptional regulation of endogenous polyubiquitin genes using a 

modified CRISPR-Cas9 system 
 

Seung-Woo Han, Byung-Kwon Jung, Kwon-Yul Ryu* 

 
Department of Life Science, University of Seoul, Korea 

  

Ubiquitin (Ub) is a small globular protein which is highly conserved in eukaryotes and involved in 

posttranslational modification of other proteins. In mammals, Ub is encoded by two monoubiquitin genes 

(Uba52 and Uba80) and two polyubiquitin genes (Ubb and Ubc). Expression of these genes produces freely 

available cellular Ub pools. We have generated and studied diverse effects of Ubb or Ubc knockout (KO) 

in mice, and consistently demonstrated the negative outcomes of disrupted Ub homeostasis: the 

neurodegenerative phenotypes in Ubb KO mice and the developmental defects of fetal liver cells in Ubc 

KO embryos. However, it is currently unknown whether the positive outcomes could be induced by 

upregulation of endogenous polyubiquitin genes. To investigate this, we introduced CRISPR-Cas9 system 

which was originated from the bacterial immune response and can also be used to upregulate specific gene 

expression when its nuclease activity is removed (dCas9) and it is fused with the transcriptional activator 

domain VP64. By using dCas9-VP128 (2xVP64) and Ubb+/-(eGFP) or Ubc+/-(eGFP) mouse embryonic 

fibroblasts (MEFs) which express enhanced green fluorescence protein (eGFP) endogenously via Ubb or 

Ubc promotor, we identified the guide RNA targeting sequences in the promoter region of Ubb or Ubc 

through monitoring of the fluorescence increase by flow cytometry analysis. We then generated cell lines 

in which Ubb or Ubc is consistently upregulated and tested whether they acquired increased stress tolerance 

under oxidative or proteotoxic stress conditions. 
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Raman scattering is an emerging contrast mechanism for biological imaging due to its narrow spectral 

bandwidth. However, the sensitivity is many orders of magnitude lower than that of fluorescence. 

Fluorescence offers extremely high sensitivity, but suffers from broad absorption and emission spectra. 

Since Raman and fluorescence are complementary to each other, we developed conjugated polymer-based 

nanoparticles (Pdots) as an imaging probe for both Raman and fluorescence for cellular imaging. The Pdots 

with π-conjugated small molecules were prepared by utilizing poly(styrene-maleic acid) as a matrix that 

offers low toxicity, high photostability and easiness of surface functionalization. In the Pdots, the Raman-

active vibrating groups that are electronically resonant to the π-conjugation system produced highly 

enhanced Raman scattering signal. When the Pdots were irradiated with 532 nm laser near the absorption 

maximum of the π-conjugated small molecule, the Pdot produced highly enhanced Raman signal for the 

vibrational modes at 1200-1800 cm-1, while emitting high far-red fluorescence to the sensitivity level of 

detecting single particles. Imaging probe with both fluorescence and Raman-activity is a unique and 

powerful tool that combines high multiplexing of Raman and single-particle sensitivity of fluorescence. 
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Expansion Microscopy (ExM) is a method to improve the spatial resolution by physically expanding a 

sample linked to swellable gel. An advantage of the expansion microscopy is that it allows observers to 

overcome the diffraction limit using the conventional fluorescence microscopy. On the other hand, single-

molecule localization microscopy (SMLM) is a super-resolution microscopy offering 10-20 nm resolution. 

This work combined ExM and SMLM by labeling the enlarged sample with switchable fluorophores and 

separately localizing the centroid positions of the single molecules. Since ExM expands the sample volume 

by 4 times and SMLM improves by 10 folds, the combined method has potential to achieve ~5 nm 

resolution, reaching the molecular scales. In addition to development of imaging method, we develop new 

labeling method to reduce the distance between the target molecule and fluorophores. Reducing the target-

fluorophore distance is important in locating the position of the target molecule more precisely. These 

combined efforts open windows for resolving the molecular structures of biomolecules inside cells. 

References[1] F. Chen, P. W. Tillberg and E. S. Boyden, Science, 2015, 347, 543.[2] T. J. Chozinski, A. R. 

Halpern, H. Okawa, H.-J. Kim, G. J. Tremel, R. O. L. Wong and J. C. Vaughan, Nat Meth, 2016, 13, 485-

488.[3] J. Schnitzbauer, M. T. Strauss, T. Schlichthaerle, F. Schueder and R. Jungmann, Nat. Protocols, 

2017, 12, 1198-1228.[4] S. S. Agasti, Y. Wang, F. Schueder, A. Sukumar, R. Jungmann and P. Yin , 

Chemical Science, 2017, 8, 3080-3091. 
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Expansion microscopy (ExM) can visualize small biological samples below the resolution limit of optical 

microscopy. In this technique, each molecule in the biological samples is initially cross-linked to the 

polymer network of hydrogel. After the cross-linking, the hydrogel is physically expanded to increase the 

relative distances between the biological molecules. The distribution of biological molecules in the 

expanded polymeric structure could be visualized by optical microscopy and the lateral resolution limit  

could be less than 70 nm. ExM is now attracting researcher’s attentions, especially in the field of cell 

biology and neurosciences. Most reported ExM technologies used mixture of acrylamide and sodium 

acrylate to produce the swellable polymer network. However, due to the different polymerization rate of 

two monomers, it is difficult to prepare hydrogel with homogeneous network structure. In this study, we 

present an enhanced ExM which utilizes post-modification of polyacrylamide. After preparation of dense 

acrylamide hydrogel within short time, the backbone was partially hydrolyzed for more expansion. The 

resulting expansion ratio was 50% higher than previous ExM technologies; thus the lateral resolution 

reached ~50 nm with conventional fluorescent microscope. 
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Gore-Tex is widely used as an implantable biomaterial because of its favorable mechanical properties and 

biochemical inertness derived from its chemical structure, polytetrafluoroethylene (PTFE). However, some 

pathogenic bacteria can proliferate in the porous network without clearance by host immune cells and cause 

serious complications around the implants. In addition, Gore-Tex surfaces sometimes provoke foreign body 

reactions due to the limited biocompatibility. To alleviate these complications, we covalently grafted 

poly(2-methacryloyloxylethyl phosphorylcholine) (PMPC), a representative biomembrane-mimic polymer, 

on the ePTFE surface by partial reduction followed by UV-induced polymerization with cross-linkers. 

PMPC grafting effectively decreased serum protein adsorption and fibroblast adhesion on the ePTFE 

surface. Also, the PMPC-grafted ePTFE surface showed a dramatic inhibition of the adhesion and growth 

of S. aureus, a typical pathogenic bacterium in implants. When PMPC-grafted ePTFE plates were implanted  

in the backs of rats, inflammation-related factors in the tissues around the plates were reduced obviously. 

Grafting PMPC on the surface of ePTFE implants may be an effective strategy for the introduction of anti-

inflammatory and anti-bacterial properties in biomedical applications. 
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Site-specific Labeling An Intracellular Protein with Unnatural Amino 

Acids by Genetic Code Expansion for Spectroscopy and Imaging 
 

Soohyun Jang, Sang-Hee Shim* 

 
Department of Chemistry, Korea University, Korea 

  

Fluorescence imaging is one of the major ways to study the intracellular distribution, structure and function 

of proteins. Labeling of a protein of interest with a fluorescent probe is often accomplished by organic dyes 

conjugated to antibodies specific to the protein or genetic incorporation of fluorescence protein fused at 

one the end of the protein of interest. However, in super-resolution fluorescence microscopy, both labeling 

method results in expansion of the physical dimensions of the imaged structures because of the distance 

between protein and fluorophore. Also, the fused fluorescent protein can perturb the endogenous structures 

due to the large size, the different charge or polarity states and the oligomeric nature. Here, we adapt genetic 

code expansion which can incorporate unnatural amino acids to the specific residue of a protein of interest. 

Incorporated unnatural amino acids such as alkyne-derived amino acids enable us to probe the protein of 

interest with the shortest possible linkage distance between the fluorophore and protein via click reaction 

between the unnatural amino acid and clickable fluorophore. We expect the incorporated unnatural amino  

acids to a specific protein in human cells can be utilized in site-specific imaging based on Raman, IR and 

fluorescence and in spectroscopic studies of proteins inside living human cells. 
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From a molecular biological point of view, methods for analyzing apoptosis include annexin V & PI 

staining, identifying proteins expressed in the cell death process and determining cell death through live 

Cell imaging. But these biological analysis-based methods are not possible in the process of cell death in 

real time but only confirm the cell death results. Raman technology, which is used for sensing and imaging  

in the biomedical field, is a suitable technique to detect changes in molecular units in a time-dependent 

manner. It can detect the changes of specific substance in the states where apoptosis has been induced by 

detecting the Raman signal. Under the conditions in which apoptosis was induced at the cellular level, it is 

considered to be an effective tool for monitoring cell changes. The gold nanoparticles have been 

tremendously used in biomedical application due to their ease of colloidal synthetic strategies, control over 

their size and shape, facile surface modification and also has high biocompatibility. It can also be used in 

SERS due to the unique optical properties of LSPR. Here, we observe the Raman signal change by 

identifying the apoptosis over time by inducing plasmonic photothermal damage to cells using gold 

nanoparticle actively targeted to specific cell organelles. 
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Influenza viruses that get worse in winter are a pandemic respiratory disease with a wide variety of subtypes. 

It is necessary to detect each influenza virus subtype from the specimen for target-dependent treatment such 

as vaccination against each influenza virus. In this study, we isolated DNA aptamer to detect hemagglutinin, 

which is a characteristic of influenza virus, especially HA1 domain, which plays a major role in influenza 

infection. We have identified an aptamer that can distinguish H3N2 (H3), H1N1 (H1), and Yamagata (Yam) 

through the Counter-SELEX method and identified an aptamer that binds only to H3-HA1. After a total of 

15 rounds of counter-SELEX, we found that the aptamer binds to only H3-HA1 but not H1-HA1 and Yam-

HA1 by conducting ELISA. With this aptamer, we can be utilized as a diagnostic kit that detects H3N2. 
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allene oxide cyclase functioning as a Nazarov cyclase 
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Allene oxide cyclase catalyzes stereospecific conversion of 12,13(S)-epoxy-9(Z),11,15(Z )-

octadecatrienoic acid (12,13-EOT) into cis(+)-12-oxophytodienoic acid in jasmonic acid biosynthesis. 

Chloroplastidal localization of rice allene oxide cyclase (OsAOC) was confirmed and roles of the N-

terminal chloroplast transit peptide in oligomeric states were analyzed in truncated or fused OsAOC with  

rice allene oxide synthase-1 (OsAOS1). Analysis by native gel and gel filtration indicated that OsAOC 

formed multimers. Results from cross-linking experiment suggested that OsAOC was in diverse oligomeric 

states including monomeric, dimeric, multimeric structures in solution. Temperature dependent partial 

denaturation with SDS indicated that OsAOC is in dimeric state at room temperature. Studies on OsAOS1-

OsAOC fusion proteins confirmed that N-terminal pre-sequence of OsAOC is sliced. Dimeric state was 

also detected in the partially denatured OsAOC-OsAOS1 fusion protein. Coupled reaction of OsAOC with  

OsAOS1 indicated that the yield reached to a maximal saturation point at 5:1 molar ratio of OsAOC to 

OsAOS1 in the production of cis(+)-12-oxophytodienoic acid. Our results suggest that dimeric OsAOC 

possibly interacts with monomeric OsAOS1 to from a trimer for efficient substrate channeling of the allene 

oxide. Conceptual similarities in mechanism and stereochemical control of allene oxide cyclase as a 

Nazarov cyclase are discussed. 
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Regulatory roles of USP14 in autophagic flux and clearance of 

proteopathic proteins 
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Ubiquitin-proteasome system (UPS) and autophagy-lysosome system (ALS) are the two major pathway for 

eukaryotic intracellular protein degradation. These two protein degradation systems were regarded as 

independent pathway with few or no points of interaction. However, accumulating evidences have pointed 

that the UPS and ALS could affect each other’s activity. Here, we investigated the effects of upregulated 

ubiquitin-proteasome system (UPS) activity on the autophagy flux. Activated proteasome by inhibiting 

Usp14, a proteasome-associated deubiquitinating enzyme, resulted in impaired autophagy maturation at the 

autophagosome-lysosome fusion step. Facilitated proteasomal degradation of tau and alpha-synuclein by 

Usp14 inhibitors was beneficial to cells to reduce the level of its aggregated form. To the contrary, inclusion 

body formations of non-proteasome substrates such as huntingtin with long polyglutamine repeats was 

accelerated when Usp14 was inhibited, suggesting that Usp14 is a common denominators between UPS 

and autophagy with counter-functional activities. These results indicate that understanding these two 

protein clearance mechanisms contribute to the degradation of aggregation-prone proteins during the 

pathophysiological stages. 
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The ability of nucleic acid extraction is an essential technique in molecular biology to study and diagnose 

the genetic causes of disease. Plastics can be great substrate for bioassay because it is cheap to produce and 

have great optic property since it is transparent. However, plastics have hydrophobicity which cannot be 

used easily without surface functionalization. The surface functionalization of plastics can be achieved not 

that easily. In this study, how hydrophobic surface of plastics can be functionalized with bioinspired surface 

coating will be addressed. In addition, how nucleic acid extractions were performed effectively using 

functionalized plastic substrates will be shown. 
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Understanding the formation of amyloid fibrils and their cytotoxicity 

based on structural characterization of amyloid protein complexes 
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In this poster, I will present two amyloid protein complexes: α-synuclein (αSyn)–Cu(II) and human serum 

albumin(HSA)–amyloid-β (Aβ). αSyn, one of amyloid proteins related to Parkinson’s disease (PD), self-

assemble to amyloid fibrils with morphologic variations. The morphology of αSyn fibrils has been 

suggested to play a significant role in cell-transmission and cytotoxicity of the fibrils. In particular, the 

short fibrils, physically disassembled by ultrasonication, have shown the enhanced neurotoxicity and cell-

transmission. However, the formation mechanism of the short fibrils has been a challenging issue. I and my 

coworkers found that Cu(II), abundant in substantia nigra of human brain, induces the formation of short 

fibrils. Using small-angle X-ray scattering (SAXS) and ion mobility-mass spectrometry (IM-MS), we 

characterized the molecular interaction of αSyn monomer-Cu(II) complex. Consequently, the 

macrochelated conformation of the complex promotes the nucleation process of αSyn, but retards the 

elongation of αSyn fibrils. Our result indicates that Cu(II) modulate the formation mechanism of 

pathological αSyn fibrils. HSA, the most abundant protein in human plasma and brain, captures Aβ peptides, 

thereby preventing the formation of toxic aggregates. However, the molecular interaction of HSA–Aβ 

complex and its biological role have not been fully understood. Using SAXS and IM-MS, I and my 

coworkers found that HSA forms a 1:1 complex with Aβ, as well as Aβ is inserted to the groove region of 

HSA. In addition, this protein complex promotes the internalization of Aβ peptides from cell media to the 

cell interior. These results indicate that the molecular interaction with HSA plays a crucial role in the 

regulatory mechanism of Aβ aggregation in human brain. 
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Despite the significant advancements in tissue engineering to mimic native tissue constructs, fabrication of 

bifurcating vessels and vascularized tissue constructs still pose a great challenge. The importance of 

vascular networks in tissue constructs is that vascularization provides nutrients with and remove cellular 

waste from the cells in tissue. Here, we present a novel method to bioprint bifurcating vessels and develop 

hierarchical vasculature. In particular, we designed a diffusive bioprinting method by incorporating calcium 

chloride in Pluronic F127 (PFCa) and casting of alginate/gelatin mixture over the extruded PFCa ink. 

Pluronic F127 as well as blend with calcium chloride shows Bingham plastic properties which enable 

preservation of extruded filamentary shape and bifurcation of the vessels. After casting alginate/gelatin 

mixture on extruded PFCa, calcium circumferentially diffuse and crosslink alginate, yielding a tubular 

hydrogel construct that physically mimics vessels. The structural properties of the vessels are tuned by 

changing the calcium diffusion time and the concentration of calcium in PFCa. This diffusive bioprinting 

technique enables bifurcation of the vessels and hierarchical vasculature that obey Murray’s law, such that 

the cost for transport and maintenance of the transport materials is minimized. The bifurcating vessels and 

hierarchical vasculature could improve the material flow between cells which in turn promote cell viability  

over time in artificial tissue constructs. 
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Nitroreductase (NTR) is a protein which reduces nitrogen-containing compounds to amine group. 

Especially, NTR can be overexpressed in tumor cells under hypoxia condition, therefore, it is greatly 

important to detect NTR for diagnosing affected parts where tumor cells grow. Up to date, the effective 

methods for imaging NTR are still lacking even if a lot of approach has been reported to detect NTR in 

solution. Thus, it is required to develop new probes for intracellular or animal NTR imaging for a long time 

without photobleaching. In this study, we designed and synthesized novel near-infrared (NIR) probes, 

which have a hemicyanine skeleton (HXPI) moiety, to detect NTR in aqueous media. Fluorescence of the 

NIR probes was enhanced when reduced from nitro group to amine group by NTR. We confirmed that NTR 

expression level was increased in tumor cells under hypoxia condition though NTR imaging. 
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Riboswitch is a structural RNA motif that is located at the 5’- end of mRNA, regulates protein expression 

upon binding small molecules. Riboswitches are composed of the aptamer domain and the expression 

platform. The aptamer domain specifically binds a ligand and the expression platform is responsible for the 

gene expression through its ability to switch the conformation between two different secondary structures 

in response to ligand binding. We have studied the cyclic-di-GMP (bis-(3′-5′)-cyclic dimeric guanosine 

monophosphate,) riboswitch. Cyclic-di-GMP is widely used by bacteria to regulate processes ranging from 

biofilm formation to the expression of virulence genes. Cyclic-di-GMP riboswitch is the first known 

example of a gene-regulatory RNA that binds a second messenger, and it is present in pathogens such as 

Clostridium difficile, Vibrio cholerae and Bacillus anthracis. We investigated the structural mechanism of 

ligand binding of c-di-GMP riboswitch using NMR spectroscopy. The proton and carbon resonances of the 

riboswitch were assigned, and the secondary structure was determined by NMR. We also monitored the 

conformational changes of riboswitch RNA upon Addition of Mg2+ and c-di-GMP to the riboswitch. 

Investigation the tertiary structure and ligand recognition mechanism of the riboswitch is essential to 

understand the gene regulation mechanism of the riboswitch. Our results will provide an insight into the 

new design of RNA targeting antibiotics. 
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Splicing is a catalytic process, in which pre-mRNAs are converted to mature mRNAs by the spliceosome. 

As a result of splicing, the two exons are connected and an intron lariat is released. Spliceosome is a large 

and dynamic RNA-protein complex, which is made up of five small nuclear ribonucleoproteins (U1, U2, 

U4, U5, and U6 snRNPs). In the splicing process, the components of spliceosome are recycled for a new 

round of catalysis. Among many recycling factors, squamous cell carcinoma antigen recognized by T-cells  

3 (SART3) is required to adopt the U6 snRNA for the formation of the U4/U6 snRNP complex in human. 

SART3 consists of a 12 half-a-tetratricopeptide (HAT) repeat domains in N-terminal, a nuclear localization  

signal (NLS) sequence, two RNA recognition motifs (RRMs), and an extension of 10 highly conserved 

amino acids in C-terminal (C10). Among these domains, the RRM domains are suggested to be involved 

in the binding of the U6 snRNA. U6 snRNA is believed to play an essential role in the catalytic mechanis m 

of pre-mRNA splicing, and the highly conserved 6 nucleotides, ACAGAG, present in the U6 snRNA are 

especially associated with the interaction of SART3 RRM domains. In this study, I designed several 

constructs of U6 snRNA containing ACAGAG, which are predicted to interact with RRMs of SART3, and 

confirmed the tertiary interaction between RRMs of SART3 and U6 snRNA using electrophoretic mobility  

shift assay (EMSA). Also, I performed a structural investigation of the tertiary interaction between RRMs  

and U6 snRNA using NMR spectroscopy. These results will provide a structural basis for the complex 

formation of U4/U6 snRNP mediated by SART3. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: BIO.P-283 

Area: Life Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
The β-amyloid protein increases RhoA activity by SHIP2-mediated 

reduction of ARAP3 level 
 

Haenim Lee, Jeongmin Ju, Ae Nim Pae, Jihye Seong* 

 
Convergence Research Center for Diagnosis Treatment Care of Dememtia, Korea Institute of Science and 

Technology, Korea 

  

The Alzheimer’s disease (AD) is the most common neurodegenerative disease associated with increased 

levels of aggregated β-amyloid protein (Aβ) in the brain. Recently, it has been shown that Aβ induces tau 

pathology through the activation of Src homology domain-containing inositol 5-phosphatase 2 (SHIP2) [1]. 

While tau is crucial for microtubule stability and thus axonal structure in neurons, another important  

cytoskeleton actin is also important for neurite dynamics and synaptic connections. Thus, we further 

investigated the role of Aβ-induced SHIP2 activation in actin-related pathological pathways in AD. SHIP2 

is an inositol phosphatase, which dephosphorylates PI(3,4,5)P3 to PI(3,4)P2. To explore the SHIP2 activity 

in live cells, we generated a fluorescent sensor containing the PH domain of TAPP1 that specifically binds 

to PI(3,4)P2. Utilizing this sensor, we found that Aβ increases the SHIP2-mediated production of PI(3,4)P2, 

in particular at the endosome structures. It has been previously suggested that SHIP2 directly interacts with 

ARAP3, a negative regulator for RhoA [2]. Thus we next check the distribution and expression of ARAP3, 

and interestingly ARAP3 level was reduced in response to Aβ. And as a result, the RhoA was hyper-

activated when detected by the RhoA biosensor based on FRET. As RhoA is a crucial regulator for actin 

dynamics and neurite retraction, this SHIP2-ARAP3-RhoA signaling pathway can explain the synaptic 

dysfunctions in AD. We are currently further investigating whether SHIP2-induced endocytosis and 

degradation process are directly involved in the decreased level of ARAP3 and the subsequent increase of 

RhoA activity. These results will explain the Aβ-induced pathological mechanisms of neurite retraction and 

synaptic dysfunctions in AD. 
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Small Rho GTPases regulate the organization of actin cytoskeleton, playing important roles in cell shape, 

motility, and neuronal morphogenesis. For example, RhoA mediates actin stress fibers and cell contraction, 

Rac1 induces membrane ruffles, and Cdc42 produces filopodia. To precisely and locally control Rho 

GTPases thus control cell motility, we developed an optogenetic tool to modulate the activity of RhoGEF, 

a positive regulator for Rho GTPases. This photoswitchable RhoGEF (psRhoGEF) is based on reversibly 

switchable fluorescent protein, Dronpa, which is engineered to change its oligomerization status from 

dimmer to monomer by light stimulation. We successfully developed psRhoA, psRac1, and psCdc42, by 

fusing the enzymatic domain of RhoGEF for each Rho GTPase between two Dronpa domains. Our results 

showed that psRhoGEF, psRacGEF, and psCdc42GEF can selectively activate each Rho GTPase by light, 

successfully inducing cell contraction, membrane ruffles, and filopodia. These optogenetic actuator can be 

further applied to precisely and locally control cell motility and neuronal morphogenesis. 
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Z-DNA is a left-handed duplex DNA that contains a zigzag backbone. Since the first crystal structure of Z-

DNA was revealed, there have been many studies about chemical and physical characteristics of the left-

handed DNA. Z-DNA formation is favored under specific circumstances such as high energy state, high 

salt and base modifications. Biological meaning of Z-DNA has been suggested by the identification of Z-

DNA binding proteins. Z-DNA binding motif, Zα, was first discovered from ADAR1 and also was known 

to exist in families of proteins. Once the B-DNA is inverted into a Z-DNA conformation, the Zα domain  

from human ADAR protein (ZαADAR1) is bound to the DNA and prevents its returning to the B 

conformation. In this study, the effect of unpaired region of DNA such as overhangs and hairpin on the B-

Z transition by ZαADAR1 was examined. We used double-stranded d(CG)6 core with 5’ or 3’ overhang, 

which are 1 to 6 nucleotide-long with either A or T. The result shows that overhang DNAs were more 

rapidly converted non-overhang ds-DNA. Especially, the B-to-Z conversion of ds-d(CG)6-T series DNAs 

depended on the length of the overhang region. Considering these findings, we extended the investigation 

on the kinetic behaviors of the B-to-Z conversion of hairpin-DNAs. The result reveals the rate of the B-to-

Z conversion was also loop-length dependent. Moreover, we conducted double-stranded RNA substrates to 

see the effect of overhang region on B-to-Z conversion. The result confirmed that dsRNA with an overhang 

was also converted faster than non-overhang ds-RNA. Collectively, Zα stimulates the formation of Z-

conformer in nucleic acids in the presence of single-stranded region, which may play some roles in B-to-Z 

conversion events in vivo. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: BIO.P-287 

Area: Life Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Actin polymerization inside Giant Unilamellar Vesicles 
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Globular actin (G actin) is the most abundant protein found in most eukaryotic cells. It is involved in various 

cellular phenomena such as cell division, cell motility, cell shape, and cell growth. These actins are 

activated by ATP to formed actin in fiber formed, but this state is very unstable and easily broken by fluid  

flow. Therefore, to handle actin in laboratory, ions like K+ and Mg2+ were used in this study. Our goal 

was to make actin polymerization inside artificial vesicles, known as Giant Unilamellar Vesicles (GUVs ). 

These phospholipids constituting vesicles were accompanied by ionophores (K+ and Mg2+) and fabricated 

using electroformation technique. Rabbit Skeletal Muscle Actin were used with the addition of Amanita 

phalloides, ATP, and Ca2+. Then the actin polymerization was performed by slowly adding polymerization  

buffer containing KCl and MgCl into the vesicles and observed on confocal microscope. 

References1.Dominguez, R., & Holmes, K. C. (2011). Actin Structure and Function. Annual Review of 

Biophysics, 40, 169–186.2.Olson, E. N., & Nordheim, A. (2010). Linking actin dynamics and gene 

transcription to drive cellular motile functions. Nature Reviews. Molecular Cell Biology, 11(5), 353–

365.3.Polymerizat ion of actin by positively charged liposomes. (1988). The Journal of Cell Biology, 106(4), 

1221–1227. 
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In nature, almost all cells make use of a membrane to interconnect the inside and outside environment. 

Composed of highly asymmetric assemblies, its main structure is based on two sheets of lipid molecules  

harmonized with a wide variety of biomolecules. This dynamic interface enables membranes to function 

various things and understanding them is an essential step in devising novel therapies. Many model systems 

are currently existing to investigate them. In our experiment, supported bilayer (SLB) was used as a basis 

model and extracellular matrix (ECM) protein adsorption was studied. Especially, in order to observe the 

effects of negative-charged bilayers on fibrous protein structures, mixtures of DOPC and DOPS lipids, 

fibronectin, and laminin were used. Herein, we estimate the biological activities of each protein coincident 

with mechanical changes in bilayers employing a few techniques. X-ray reflectivity technique was used to 

show vertical structural changes of membrane and infrared spectroscopy was used to reveal the protein 

adsorption process. Also, each of result was complemented by optical techniques to better understand. 
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The extracellular matrix (ECM) has important roles in regulating the development, function and 

homeostasis of all eukaryotic cells. Essentially, binding of ECM molecules to integrin induces ECM 

unfolding, thereby spontaneously promoting interactions and fibril assembly. Giant unilamellar vesicle 

(GUV) is a simple model of complex cells. ECM fiber can be coated on GUV by negative charge. For 

fibrillogenesis of ECM such as Laminin and Fibronectin outside of vesicle, vesicles were made with PS 

lipid with negative charge ahead. Then GUV were incubated with ECM dimer at 37℃ during 12hrs and 

next 12hrs. As a result, Multi component ECM coated vesicle was obtained. We analysed structure of 

binding ECM and investigate mechanical properties by micropipette aspiration. Fibronectin bind 

themselves by stretching their length and wholly cover on GUV but Laminin bind together by their arms  

(not stretching) so not evenly cover on GUV. Multi component of ECM will be a good model of cell because 

there is no distortion and modulus is similar to real cells. Laminin increase area expansion modulus and 

this GUV can be reached near by real cell’s modulus of mechanical properties. 
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Prostate cancer is the second most common cancer diagnosed among men and one of the leading causes of 

cancer deaths globally. It is particularly dangerous as it metastasizes the bones, lymph nodes, and may even 

invade the rectum and bladder. However, if caught early, the mortality rate is not severe. Therefore, early 

diagnosis is key. Prostate cancer is most commonly diagnosed by detection of increased Prostate-Specific  

Antigen(PSA) levels via blood test. While effective for diagnosis, this methodology provides limited  

prognosis benefits. As a consequence, we designed and synthesized a PSA-targeting fluorogenic probe for 

imaging prostate cancer cells. We hope that this will aid in faster and more effective diagnosis of prostate 

cancer. 
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The understanding of structural dynamics and the interaction of the transmembrane domain of membrane 

proteins with the environment is critical to revealing its function mechanism. Among several interactions 

to construct protein structures, hydrogen bonding interactions are most important for the assembly, structure 

and function of membrane proteins. In particular, hydrogen bonding between protein and water molecules  

is of great interest in understanding the role of water molecules in transmembrane protein pores for the 

transport of substrates across membrane bilayers. Although methods for calculating the structural 

information of transmembrane domains are advancing, it is still difficult to observe the protein mechanics 

itself and to measure the interaction with water molecules through hydrogen bonding. Here we use 

femtosecond two-dimensional infrared spectroscopy to understand the reversible structural changes of the 

M2 proton channel and the movement of water molecules in the channel protein to understand proton 

conduction activity. M2 protein of Influenza A virus is one of the smallest proton-selective channels found 

in nature. This is the ideal system for studying the use of water when selectively transporting protons across 

the membrane. Stabilization of membrane conditions and enhancement of spectroscopic techniques using 

a solid support lipid bilayer increase the resolution and intensity of the IR spectrum. The generation of 

crosspeaks also provides direct information on reversible conformational changes in the transmembrane 

domain. The results show that 2D IR spectroscopy can provide structural and dynamic information to 

understand the function of the transmembrane domain. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: BIO.P-292 

Area: Life Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Engineering a periplasmic binding protein for amino acid sensors with 

improved binding properties 
 

Wooseok Ko, HYUNSOO LEE* 

 
Department of Chemistry, Sogang University, Korea 

  

Periplasmic binding proteins (PBPs) are members of a widely distributed protein superfamily found in 

bacteria and archaea, and involved in cellular uptake of solute. In this study, glutamine binding PBP (GlnBP) 

and leucine binding PBP (LeuBP) were engineered to detect L-Glu and L-Leu by FRET change upon ligand 

binding. A fluorescent unnatural amino acid, L-(7-hydroxycoumarin-4-y l)ethylglycine (CouA), was 

genetically incorporated into the protein as a FRET donor, and emerald green fluorescent protein (EGFP) 

or yellow fluorescent protein (YFP) was fused to its N-terminus as a FRET acceptor. The best sensor protein 

showed 1.5-fold increase in FRET ratio. In the case of leucine sensor protein, its substrate specificity was 

significantly improved by engineering the LeuBP, showing minimal FRET ratio change with the other 19 

natural amino acids and D-Leu. Further engineering made the sensor protein more sensitive (14-fold) for 

L-Leu, and recognize L-Met as well with moderate binding affinity. Selected mutant sensors were used to 

measure L-Glu and L-Leu concentration in a biological sample (fetal bovine serum) and optical purity of 

Leu and Met. This FRET-based sensor design strategy allowed us to readily engineer the natural receptor 

to have improved binding affinity and specificity, and to recognize other natural molecules which are not a 

ligand for the wild-type receptor. The design strategy can be applied to other natural receptors and would 

make it possible to engineer the receptors to sense biochemically more interesting molecules. 
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Supramolecular protein assembly is an ubiquitous process that physical and chemical principles of Mother 

Nature have achieved great complexity and stability to build up architectures of a life in molecular level. 

There have been so many trials of understanding how to construct supramolecular protein assembly and 

also a lot of successes have been built up. The stacked principles have recently been applied for designing 

the hybrid nanoparticle-protein superstructures that can show unique physical properties and potential 

application in the areas of plasmonics, molecular sensing, and nanoscale electronics. Here we show an 

unique nanostructure of self-assembled peptides that would allow for the wrapping of single walled carbon 

nanotubes (SWNTs) with specific helicities. We also demonstrate that the selection rule whereby precisely 

controlling position of functionality within such superstructures constrains a variety of arrangement of 

bimetallic AuPt nanoclusters for the purpose of enhancing catalytic activity of oxygen reduction reaction 

(ORR). The elected positions of functionality from the selection rule precisely alter their arrangement and 

density of catalytic nanoparticles and result in a significant change on ORR activity and durability. The 

remarkable electrochemical property of nanoparticle-protein-SWNT superstructures corresponding to 

controlling of interparticle distance, particle size and alloy composition of single-phase nanoparticles 

suggests a route to the construction of new functional protein nanomaterials tailored to unique energy 

applications. 
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Artificial skin has primarily been used as a biomaterial to regenerate damaged skin tissues of patients by 

burns or skin disorders. Recently, according to one paper that is published at MIT where they succeeded in 

reproducing youthful skin by using cross-linked polymer through reaction of hydrosilylation by platinum 

catalyst. This artificial skin film has excellent effect on wrinkle improvement, even though it shows a 

problem with its toxicity and stability by using platinum catalyst. We researched a solution for this problem, 

a platinum catalyst was adsorbed on polydimethylsiloxane (PDMS) coated silica nanoparticles. First, the 

hydrophobical coated silica nanoparticles in ethanol solvent are washed and dispersed. Then, the platinum 

catalyst is sufficiently dispersed in the same solvent. Hydrophobic interaction with the silica nanoparticles 

and catalyst is performed using a sonicator. The catalyst adsorbed nanoparticles are dried at room 

temperature. silicon based emulsion and reaction emulsion except karstedt's catalyst are prepared for skin 

film formation test. The silica nanocatalyst were mixed with reaction emulsion. To form the artificial skin 

film, silicon based emulsion is spread and then particle mixed reaction emulsion was applied on it. As a 

result, the formation time of the artificial skin film using the catalytic silica nanoparticles was slightly 

slower than made only with the karstedt's catalyst, but there was no significant difference in the physical 

properties. These catalytic nanoparticles have possibility to improve the stability caused by Karstedt’s 

catalyst aggregation and the problem of toxicity that platinum catalyst can penetrate directly into cells. So 

this nanocatalyst may apply to a variety of field such as cosmetics and pharmaceutical products. 
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Peptide-surface interactions has highlighted increasinglyfor various applications, including platforms for 

studying biological phenomena at single-molecule level, sensors detecting biomolecules with single-

molecule level sensitivity, and means of patterning sub-5-nm inorganic materials at single-particle level. 

Here, were report the mutation effect for control of peptide-surface interactions to elucidate the difference 

in surface physical interaction strengths on hydrophobic or hydrophilic surface. We demonstrate 

hydrophobic interaction by molecular dynamics (MD) simulation to calculate the binding energy and 

visualize conformational changes of peptides on solid surface. Computational work in molecular dynamics 

(MD) simulation confirms that the peptides are strongly attracted adhere to hydrophobic surface via 

hydrophobic interactions Surface assisted laser desorption (SALDI) mass spectrometry measurement  

correlates with the signal intensity of SALDI mass spectrometry. These findings provide a novel concept 

to understand peptides associated with solid surfaces. 
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Self-assembling biomolecules have great advantages for developing a new material in terms of controlling 

assembly structure with tailored, high-level functions. Extensive researches have shown that advanced 

functional biomaterials can be developed by rationally designing the secondary structure of self-assembling 

peptide, but unwanted proteolytic degradation of peptide-based material imposes challenges on chronic in 

vivo utilization. To address the limitation, our focus was on peptidomimetic foldamer, particularly a β-

peptide because it has not only the ability to mimic the structural and chemical characteristics of natural 

peptides, but excellent structural and proteolytic stability. We envisaged that the controlled complexation  

of self-assembling β-peptide with conductive nanomaterial would provide a biocompatible, conductive 

biomaterial that can be used to acquire biosignals with minimum tissue damages. Here, we demonstrate a 

rational design of supramolecular β-peptide-based hydrogel for conductive and non-biodegradable 

hydrogel. Small-angle X-ray scattering (SAXS) and transmittance electron microscopy (TEM) images  

revealed the end-to-end assembling of β-peptide hexamers to construct axially-grown nanofibers. 

Interestingly, β-peptide nanofiber is found to wrap single wall carbon nanotube (CNTs) bundles in a way 

of superhelical mode. We demonstrated that the conductive hydrogel had a multiscale versatility both as 

surface electrocorticography (ECoG) electrode and local-field potential (LFP) electrode and collectively  

augment neural signals. The enzymatically and electrochemically enhanced self-assembling peptides and 

their nanomaterial complexes hold promising future as a new type of biomaterials for biosensor, tissue 

engineering, and regenerative medical devices. 
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L-Dihydroxyphenylalanine (L-DOPA) is a naturally occurring amino acid with interesting biochemical 

properties. The amino acid has been used for the treatment of Parkinson’s disease and various biochemical 

applications. In this report, L-DOPA was biosynthesized from a tyrosine phenol-lyase (TPL) by using 

catechol, pyruvate, and ammonia, as starting materials, and the biosynthesized amino acid directly 

incorporated into proteins by an evolved aminoacyl-tRNA and aminoacyl-tRNA synthetase (aaRS) pair. 

The aaRS used for the L-DOPA incorporation was selected from an aaRS library, and showed better 

efficiency than the previously reported aaRS. This direct incorporation system showed efficient L-DOPA 

incorporation with no incorporation of Tyr, and better protein yield than the conventional incorporation 

system using L-DOPA. Therefore, by using the biosynthetic system, mutant proteins containing L-DOPA 

could be produced with less expanse and better yield. This approach could be useful for a large scale protein 

production for pharmaceutical and industrial application, and provide an impetus for expansion of 

biosynthesis of unnatural amino acids to more challenging and interesting amino acids. 
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Human DNA helicases, WRN (Werner Syndrome Protein) and FANCJ (Fanconi Anemia Group J) have 

common interaction partner, Replication Protein A (RPA). Interaction of both helicases with RPA 

stimulates helicase activities which are crucial in DNA repair processes. Here, we observed interactions of 

RPA-WRN and RPA-FANCJ by NMR spectroscopy and Fluorescence Polarization anisotropy experiments. 

The chemical shift perturbations of RPA70N by WRN were more prominent than those by FANCJ. The 

perturbed regions by WRN and FANCJ were partially overlapped, and located mostly in the basic cleft of 

RPA70N. Our analysis shows that the common binding strategy underlies for maintaining RPA-helicase 

interactions. 
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Reconstitution of purified membrane proteins into cell surface membrane is critical for the analysis of their 

molecular functions. Here, we report a simple and efficient method of purified membrane proteins into live 

cell membrane using an amphiphilic polymer derived from poly-gamma-glutamate, APG. This polymer 

has detergent-like property which stabilizes a purified human endothelin receptor (ETA) at concentration of 

0.01%. Upon mixing ETA stabilized with APG with cultured mammalian cells, ETA was spontaneously 

inserted into cell surface maintaining cell viability. This method is promising to reconstitute membrane 

proteins into various types of mammalian cells. 
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As biomedical engineering became a major field in health care treatment, including diagnosis, monitoring, 

and therapy, nosocomial (hospital-acquired) infections of implantable medical devices became an important  

issue that the field should overcome. Contact-killing antimicrobial coatings in which antimicrobial 

compounds are covalently immobilized to the surface by flexible, hydrophobic polymeric chains to kill the 

adhered bacteria through disruption of their cell membrane have been developed to solve the problem of 

release-based coatings. In this study, we developed a novel antimicrobial coating that can be applied to 

various materials, where the recombinant hybrid protein composed of mussel adhesive protein and 

antimicrobial peptides is immobilized on the material surfaces and kills the bacteria by contact-killing  

mechanism. Very thin and durable films composed of the recombinant hybrid protein named hybrid mussel 

adhesive antimicrobial protein-1 (hybrid MA-1) are dip-coated on target surfaces in very short time to show 

each function of strong adhesion and antimicrobial activity. The surfaces coated with hybrid MA-1 showed 

almost 99.9% antimicrobial activity against gram-positive Staphylococcus aureus bacteria, which is 

common and toxic pathogens agents in healthcare-associated infections. Even after washing more than 

dozens of times, the coated surfaces maintained the potent antimicrobial activities. This facile and protein-

based antimicrobial coating, which is free from cytotoxicity and very robust, holds promise for further 

development as a powerful technique to prevent medical devices from nosocomial infections 
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Tentonin-3 is a mechanosensitive channel protein which is activated by mechanical stimuli. To characterize 

the structure-function relationship of tentonin-3, we established an efficient expression system of a 

recombinant human tentonin-3 as a fusion protein of P9star in the membrane fraction of E. coli. About 9 

mg of P9star-tentonin-3 was expressed in the membrane fraction of Star(DE3) pRARE from 3 L fed-batch 

culture. The expressed P9star-tentonin-3 was purified using Ni-NTA chromatography and size-exclusion  

chromatography in homogeneity. The purified protein appears as tetrameric complex and reconstituted into 

LUVs. The channel opening activity of reconstituted tantonin-3 has been investigated by various types of 

mechanical stress. 
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Bloom syndrome protein (BLM) is one of five human RecQ helicases which maintain genomic stability. 

Interaction of BLM with replication protein A (RPA) stimulates the DNA unwinding ability of BLM. The 

interaction is expected to be crucial in DNA damage response systems. Although this stimulation of BLM 

by RPA is of particular importance in cancer cells, the precise binding surfaces of both proteins are not well 

understood. In this study, we show by fluorescence polarization anisotropy that both of BLM’s acidic 

surface peptides specifically bind to RPA70N. Our NMR analysis and docking models show that the basic 

cleft region of RPA70N is the binding site for both peptides and that the acidic peptide/basic cleft interaction 

governs RPA-BLM binding. 
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Glucagon-like peptide-1 (GLP-1) is a major incretin hormone and enhances the release of insulin from 

pancreatic beta-cells by activating the glucagon-like peptide-1 receptor (GLP-1R) which belong to class B 

of G protein coupled receptors (GPCRs). To characterize the structure-function relationship of GLP-1R and 

develop an efficient in vitro assay system, a purified GLP-1R in active conformation is required. In this 

study, we established an efficient expression system of a recombinant human GLP-1R in the membrane 

fraction of E. coli. About 50 mg of GLP-1R was purified in homogeneity from 2 L fed-batch culture. The 

purified GLP-1R stabilized as a soluble and homogeneous form using an amphiphilic polymer derived from 

poly-gamma-glutamate. The stabilized GLP-1R showed similar physiological activity to native human 

GLP-1R. The recombinant GLP-1R can be used as a therapeutic target molecule to overcome type 2 

diabetes. 
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Helicobacter pylori(Hp) initialize its pathogenicity by attaching to host cell membrane using its own 

secretion system, called T4SS pili. HpT4SS consists of CagL proteins and succeeds in binding a RGD 

sequence of CagL protein to integrin in gastric epithelial cell. A canonical RGD sequences flexible and 

known to interact with ectodomain of integrins. However, several studies recently claimed that neighboring 

sequences around RGD motif is also important for the interaction, indicating that an RGD motif may not 

be necessary for the integrin binding. Furthermore, recent crystal structure of CagLK74revealed that RGD 

motif positioned surprisingly in the middle of long-rigid a-helix, implying that a canonical RGD sequence 

may not be essential for integrin binding. Therefore, the structural study of CagLK74- integrin complex 

could elucidate the precise mechanism of the interaction, which, in turn, provide basic knowledge for the 

development of drugs preventing gastric cancer and ulcer. A prerequisite for the study is to obtain integrin 

protein with high purity and amounts. Here, we established the stable expression of genetically-engineered 

aVb3 ectodomain without post-translational modification, which will enable us to determine CagL-aVb3 

complex structure. 
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It is well known that breast cancer can be caused by mutations in the BRCA1, BRCA2, and p53 genes as 

one of the well-documented cancers. Breast cancer, however, is usually symptom-free in its early stages 

and causes many difficulties in diagnosis. In addition, breast cancer patients around 20% is triple-negative 

breast cancer (TNBC). Therefore, diagnosing and tracking TNBC is very important. Human small-breast  

epithelial mucin (hSBEM), also known as mucin-like protein 1 (MUCL1), is a promising biological marker 

for diagnosis of TNBC. Herein, we show a novel method for hSBEM detection by integrating target-

responsive aptamer modified PtNPs and magnetic graphene oxide (mGO) with TMB/H2O2 reaction for 

colorimetric read out. Upon target existence, the aptamer modified PtNPs are unbound from mGO so that 

it can participate in the reduction of H2O2 with TMB to catalyze the change of solution color from blue 

to yellow (450 nm). The concentrations of the target can be monitored by naked eye and quantified by UV-

Vis spectrometer. This colorimetric aptasensor has simplicity, ultra-sensitivity (0.184 fM), and high 

selectivity. Thus, it has a great potential to be a general detection tool for breast cancer 
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Tuberculosis is a common and fatal disease that is caused by infection with Mycobacterium tuberculosis. 

Patients with latent tuberculosis are estimated at 2 billion people, or one third of the world's population. 10% 

of them progress to active tuberculosis, and it is important to make an early diagnosis and treatment before 

they show symptoms. TB7.7, also called Rv2654c, is known to be expressed in Mycobacterium tuberculosis 

H37Rv, which causes a particularly deadly tuberculosis in humans. In this study, we discovered a novel 

aptamer specific for TB7.7 and developed the aptamer-based electrochemical sensor using gold electrodes. 

The aptasensor showed dynamic detection range from 10 fM to 10 nM with a detection limit of 0.6 fM. The 

aptasensor showed high selectivity for TB7.7, without cross-reacting with other tuberculo-proteins. 

Furthermore, aptasensor was also able to distinguish sera from patients with tuberculosis infection from 

healthy human sera. We believe that the aptamer-based electrochemical biosensor developed in this study 

has a great potential to clinical use in the diagnosis of the latent tuberculosis infection. 
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Biological signal molecules are substances that transmit information in vivo and are involved in various 

actions such as modulate cellular metabolism, function, and development. Detecting signaling molecules  

in living cells is important for understanding their roles in biological systems and for studying various 

disease-related mechanisms. Herein, we describe a genetically encoded fluorescent sensor that can be used 

as a new tool with general applicability for monitoring signaling molecules based on fluorescent trans-

localization by intein mediated reactions. The approach utilizes the generation of functional signal peptide 

by splicing or cleavage which is activated in response to external stimuli. We first tested the concept of 

fluorescent trans-localization sensor by using a pair of split-inteins which react spontaneously. Then a 

model system was prepared to monitor the rapamycin induced hetero-dimerization of FKBP and FRB. 

Additionally, we constructed a live cell based sensing system to monitor the influx of Ca2+, an important 

intracellular signaling molecules related to various cellular events, using calmodulin and calmodulin  

binding domain conjugated split-intein system. The sensing system successfully reported the change of 

intracellular Ca2+ levels induced by ionophore or by histamine. This replicable live cell based sensing 

systems can be engineered to report various cellular events of interest. Also it provides biologically relevant 

information to be applied for drug screening and disease mechanism study. 
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Volatile organic compound (VOC) are composed of small molecule that has highly volatile. It can be 

inhaled into body and chronically might lead to central nerve damage, leukemia and cancer. While a variety 

of gas sensors are commercially available, VOC sensors with high selectivity is only available for benzene, 

combining a photo-ionization detector and a filter of benzene-specific polymer. In addition, antibody 

binding and enzyme reactions, commonly used in selective detection at biosensors, function properly only 

in limited aqueous conditions. Some peptides illustrated high selectivity comparable to antibody-antigen 

reaction. Chemical stability of those peptides allows them to work in various environment. We conducted 

bio-panning using a peptide display phage library. To find candidates with high selectivity, we made a 

library that has remove their non-recombinant background phage. Small molecule receptors were found by 

inducing selective binding between peptide and small molecular derivatives. The candidate peptides were 

validated with binding test in liquid phase and a couple of peptides for ketone and ether group were selected. 

The selected peptides was integrated into resistance-based sensors such as CNT/Graphene. To proximate 

attach peptides to CNT/Graphene, the sensing layer was formed using a binding layer of chitosan or nafion. 

We measured the differential signal between the peptide-sensor and the reference sensor in gas phase. The 

differential signal for each gas was 2.2% for toluene, 0.8% for methane, and less than 0.3% for benzene 

and acetone. Also, it was confirmed that the sensors recovered the performance to 88% of the initial 

measurement when the temperature was applied to 60℃. 
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Engineered antimicrobial peptides and their structural studies using 

NMR spectroscopy 
 

Ji Sun Kim, jiho jung, YONGAE KIM* 

 
Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

Since wide spread of antibiotic resistance bacterial pathogens have been prevalent it is important to 

investigate new class of antimicrobial molecules, antimicrobial peptides (AMPs). Lactophoricin (LPcin), a 

cationic amphipathic peptide consists of 23-mer peptide from bovine milk, was currently utilized as the 

framework to design the novel analogs and study the correlation between structure-activity of AMPs. 11 

LPcin analog peptides were designed to improve the antimicrobial activity, using conservative sequence 

modification and designed additional 9 analog peptides based on LPcin-YK3 which shows best antibacterial 

activity among them. Antimicrobial activity of designed novel AMPs was confirmed by bacterial killing  

assays and growth inhibition assays for Gram-negative and Gram-positive bacteria, and the stability was 

confirmed by hemolysis assay and cytotoxicity assay for eukaryotic cells. We conducted structural studies 

of analog peptides using various spectroscopic methods as well as NMR in order to clarify the correlation  

between antimicrobial activity and structure of AMPs. Analog peptides were obtained with high yield and 

high purity by optimizing expression using E. coli and purification using many biophysical techniques. 

Structures of analog peptides in membrane environments are studied using solid-state NMR to identify their 

3D structures and topologies. 
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Engineering, Expression and Structural studies of anti-inflammatory 

peptide, tIK 
 

hyunjun Jang, Ji Sun Kim, YONGAE KIM* 

 
Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

Today, about 1% of the population has rheumatoid arthritis (RA), an acute systemic autoimmune disease 

that causes chronic inflammation of joints and other body parts. Various immune cells such as T cells, B 

cells, macrophages and dendritic cells participate in the inflammatory response of RA. Although there are 

many causes for the disease, it is known that the disease is caused by an imbalance of pro-inflammatory 

cytokines and anti-inflammatory cytokines. Also, self-antigen recognition through abnormal major 

histocompatibility complex (MHC) class II-expressing B cells produces antibodies that induce more severe 

RA. Recent studies have shown that an inhibitor of K562 (IK) cytokine isolated from leukemia cell line 

inhibits MHC class II expression and that truncated IK (tIK), which lacks the 315-amino acid sequence 

from the N-terminus, have a similar effect. Therefore, we conducted epitope research to develop tIK as a 

new anti-inflammatory therapeutic agent for RA patients.First, we analyzed the changes in phosphorylated 

cell signaling proteins in macrophages isolated from tIK transgenic mice, confirming that tIK and 

interleukin-10 (IL10) receptor subunit alpha are involved. We were able to identify the epitope (or active 

site) of tIK involved in anti-inflammatory activity by studying the structure of tIK and IL-10 using 

homology modeling. Based on these results, we proposed 4 anti-inflammatory peptide candidates and 

identified the anti-inflammatory activity through the TH17 cell differentiation test. Among them, the 18-

mer peptide with anti-inflammatory activity was named tIK-YK4 and the short derivatives 9-mer and 14-

mer peptides were also designed. We are trying to identify the relationship between structure of these 

peptides and anti-inflammatory activity through NMR studies. Currently, we have successfully performed  

overexpression using E. coli and are optimizing the purification process. 
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Genetically encoded biosensors to detect signaling molecules in living 

cells 
 

Hyunjin Jeon, Youngeun Kwon* 

 
Department of Biomedical Engineering (BK21 plus), Dongguk University, Korea 

  

Live cell-based biosensors have emerged as a useful tool for biotechnology and chemical biology. 

Genetically encoded sensor cells often utilize bimolecular fluorescence complementation or fluorescence 

resonance energy transfer to build a reporter unit that suffers from non-specific signal activation at high 

concentrations. Here, we designed genetically encoded sensor cells that can report the presence of 

biologically active molecules via fluorescence-translocation based on split intein-mediated conditional 

protein trans-splicing (PTS) and conditional protein trans-cleavage (PTC) reactions. In this work, the target 

molecules or the external stimuli activated intein-mediated reactions, which resulted in activation of the 

fluorophore-conjugated signal peptide. This approach fully valued the bond-breaking features of intein-

mediated reactions in sensor construction and thus eliminated the interference of false-positive signals 

resulting from the mere binding of fragmented reporters. We could also avoid the necessity of designing 

split reporters to refold into active structures upon reconstitution. These live cell-based sensors were able 

to detect biologically active signaling molecules, cortisol, as well as relevant biological stimuli, such as the 

cortisol agonist Dexamethasone. These live cell-based sensing systems hold large potential for applications 

such as drug screening and toxicology studies, which require functional information about targets. 
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Efficient labeling of membrane proteins using engineered Npu DnaE 

split-inteins 
 

Euiyeon Lee, Youngeun Kwon* 

 
Department of Biomedical Engineering (BK21 plus), Dongguk University, Korea 

  

An efficient and wash-free method to conjugate a fluorescent tag to a target membrane protein is developed, 

using engineered Npu DnaE split-inteins. This approach allowed fast labeling while avoiding the strenuous 

synthesis of a long polypeptide. Two different modes of labeling, namely specific binding and covalent 

conjugation, are observed. The covalent labeling was monitored within 5 min, without background staining. 
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Dynamics of specific genomic DNA under transcription in living cells 

 

Sora Yang, JUNG BAE SON1, HyeongJeon An, Nam Ki Lee1,* 

 
Department of Physics, Pohang University of Science and Technology, Korea 

1Division of Chemistry, Seoul National University, Korea 

  

A bacterial chromosome is highly condensed and forms an unique structure kind of nucleoid in the center 

of cell, as the genome is compacted to fit into the small occupied region in a E. coli cell. Transcription is 

considered as one of the major factors involved in organizing the nucleoid. However, the dynamics of a 

chromosomal DNA under transcription remained unclear. In this study, we labeled a specific DNA loci 

with fluorescent fusion proteins and tracked their localization in real time, enabling the direct observation 

of specific genomic DNA dynamics under transcription in live E.coli cells. We observed the movement of 

specific gene under transcription toward membrane and the change of DNA dynamics. Our results show 

that transcription plays a crucial role in subcellular localization of genes and nucleoid organization in E.coli 

cells. 
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Neuronal differentiation of pluripotent cells by a sirtuin 1 selective 

inhibitor 
 

Chang-hee Lee, Injae Shin* 

 
Department of Chemistry, Yonsei University, Korea 

  

Sirtuin 1 (SIRT1), a class of histone deacetylases, is known to play important roles in neuronal 

differentiation of pluripotent/multipotent stem cells by regulating expression of neuron-associated genes. 

Herein, we employed a potent and selective small molecule inhibitor of SIRT1 to determine whether 

inhibition of SIRT1 activities can lead to the differentiation of P19 cells into neurons. In this effort, P19 

cells were treated with EX-527, a selective inhibitor of SIRT1. Neuronal differentiation of the treated cells 

was examined by immunocytochemical, western blot and RT-PCR analyses. It was found that EX-527 

promoted neuronal differentiation of P19 cells without differentiation into astrocytes and cardiac cells. The 

findings indicate that EX-527 induces selective neurogenesis of P19 cells. Importantly, neurons derived 

from P19 cells after treatment with EX-527 generated voltage-dependent sodium currents and 

depolarization-induced action potentials. These findings show that the differentiated neurons have 

electrophysiological properties. The present study suggests that SIRT1 selective inhibitors could have the 

potential as chemical inducers to differentiate pluripotent cells into functional neurons. 
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A small molecule of Hsp70 has anticancer activities 

 

Sang-Hyun PARK, Injae Shin* 

 
Department of Chemistry, Yonsei University, Korea 

  

The heat shock protein Hsp70 has an antiapoptotic function and is overexpressed in various cancer cells. 

Here we describe a small molecule which inhibits the ATPase activity of Hsp70 by binding to its ATPase 

domain and induces apoptosis of cancer cells. The results of affinity chromatography showed that the Hsp70 

inhibitor selectively binds to Hsp70 but not to other heat shock proteins such as Hsp40, Hsp60 and Hsp90. 

In addition, the results of the mechanism study showed that the Hsp70 inhibitor promoted caspase activation 

leading to caspase-dependent apoptosis by interfering with the interaction of Hsp70 with Apaf-1. Also, 

animal studies of tumor growth in a xenograft mouse model showed that treatment of Az significantly 

reduced the tumor size without affecting mouse viability. Taken together, the findings suggest that the 

Hsp70 inhibitor can be used as a chemical probe to understand the diverse functions of Hsp70 and ultimately  

as a new cancer chemotherapy. 
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Carbohydrate microarrays for profiling of glycosidase activities 

 

Hyun jiyoung, Injae Shin* 

 
Department of Chemistry, Yonsei University, Korea 

  

Cellular glycans in the form of glycoconjugates are produced by the action of glycosyltransferases and 

glycosidases. It is known that genetic deficiencies of lysosomal glycosidases cause lysosomal storage 

disorders. Also, inhibitors of glycosidases have been developed as therapeutic agents to treat viral infections, 

diabetes and cancer. Because of the biological and pathological significance of glycosidases, it is of great 

importance to develop new methods to assess their catalytic activities. In this study glycosidase activities 

were rapidly assessed using carbohydrate microarrays containing fluorescent probe-conjugated glycans. 

The microarrays were constructed by immobilizing glycosylated near-infrared (NIR) fluorescent probes 

containing hydrazide appendages on epoxide-modified glass slides. Several glycosidases were applied to 

the glycan microarrays and the fluorescence intensities were measured by using a microarray scanner. The 

results of microarray experiments revealed that carbohydrate microarrays immobilized by glycosylated NIR 

probes are highly useful for profiling glycosidase activities and determination of IC50 values of glycosidase 

inhibitors. 
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Simultaneous Investigation of Different Membrane Protein Dynamics 

in Living Cell Using Multi-Color Single Particle Tracking 
 

HyeongJeon An, Nam Ki Lee1,* 
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1Division of Chemistry, Seoul National University, Korea 

  

Recently, super-resolution techniques using photoactivatable fluorescent particle enabled imaging  

individual molecules distributed closer than classical diffraction limit. Furthermore, tracking each localized  

particle provides information on dynamics of single molecule, acquiring heterogeneity of motions based on 

their complex environment in living cell. However, this method to track high density of single particle in 

living cell, named sptPALM, uses photo-activation which not only limit excitation and emission channel 

for fluorophore but also is unsuitable for controlling density of fluorescent particles when used for multi-

color tracking. Here DNA-PAINT which uses binding and detaching of DNA oligonucleotides to control 

density of single particle trajectories is adapted to simultaneously track different targets. The DNA strands 

binds specifically to its complementary strand that enables regulation of each particle density by simply  

adjusting each concentration of imaging strands in the media. The individual dynamics information of the 

different protein is gained by single particle tracking simultaneously. 
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Substituents modification of meso-aryl BODIPYs for tuning 

photophysical properties 
 

Sangwon Ko*, Damodar Kongara1, Chang Hee Lee2, Jeong Tae Lee3,* 
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1Hallym University, Korea 
2Department of Chemistry, Kangwon National University, Korea 

3Department of Chemistry and Institute of Applied Chemistry, Hallym University, Korea 

  

The highly sterically hindered meso-aryl BODIPY derivatives using ethyl 3,4-diethyl-1H-pyrrole- 2-

carboxylate or ethyl 3-ethyl-1H-pyrrole-2-carboxylate were synthesized and characterized. The steric 

hindrance resulting from the phenolic group in the meso-position and the ethyl groups at the 1,7 position 

affected the synthesis of dipyrromethanes as an intermediate as well as the UV absorption and fluorescence 

emission because of the constrained rotation of the aryl ring. The potential use of the meso-hydroxyphenyl 

BODIPY as a pH sensor was also shown by the pH-dependent fluorescence emissions. 
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Regioselective Synthesis of Indolopyrazines through a Sequential 

Rhodium-Catalyzed Formal [3 + 3] Cycloaddition and Aromatization 
Reaction of Diazoindolinimines with Azirines 

 

NamRim Heo, Younghyeon Baek, Phil Ho Lee* 

 
Department of Chemistry, Kangwon National University, Korea 

  

Indolopyrazines possessing both indole and pyrazine moieties are significant structural motifs in a number 

of naturally occurring products, show a wide range of biological activities, including antitumor and antiviral 

activities, and function as fluorescent and host materials. In this regard, the indolopyrazine motif has 

continuously received the attention of synthetic chemists. Thus, establishing synthetic approaches for 

preparing regioselective indolopyrazines from simply attainable starting materials is highly demanded. We 

developed a regioselective synthetic method to prepare indolopyrazines through a sequential Rh-catalyzed 

formal [3 + 3] cycloaddition and aromatization reaction of a wide range of diazoindolinimines with azirines . 

Because the previously reported synthetic methods afforded mixtures of indolopyrazines, the present 

method using unsymmetrical azirines has the an excellent merit from a regioselectivity standpoint. Because 

indolopyrazines are fluorescent, their optical properties in CH2Cl2 solution were studied. The extinction  

coefficients were variable from 107,298 to 585,478 M-1cm-1. The indolopyrazine affords high quantum 

yields and extinction coefficients, which are an attractive property for biological probes.This work was 

supported by the Human Resource Training Program for Regional Innovation and Creativity through the 

Ministry of Education and National Research Foundation of Korea(NRF-2015H1C1A1035955) 
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Synthesis of Indolo-1,2-benzothiazines through N-H/C-H activation of 

S-Aryl sulfoximines 
 

NamRim Heo, Gi Hoon Ko, Phil Ho Lee* 

 
Department of Chemistry, Kangwon National University, Korea 

  

Sulfoximines are significant compounds that are found in pharmaceuticals, bioactive compounds, and 

agochemicals. Accordingly, the development of novel synthetic methods for sulfoximines and their 

modifications have become highly attractive. To date, many synthetic methods using these tools have been 

reported in the literature. These methods have focused mainly on the preparation of linear sulfoximines and 

their derivatives. However, synthetic approaches for the construction of cyclic sulfoximines have been 

relatively limited.We developed a novel synthetic method for indolo-1,2-benzothiazines via the Rh-

catalyzed cyclization of S-aryl sulfoximines with 3-diazoindolin-2-imines together with the release 

ofmolecular nitrogen and p-toluenesulfonamide. The present method involved the N−H/C−H activation of 

S-aryl sulfoximines. A wide-ranging scope of both S-aryl sulfoximines and 3-diazoindolin-2-imines was 

demonstrated. This work was supported by the Human Resource Training Program for Regional Innovation 

and Creativity through the Ministry of Education and National Research Foundation of Korea (NRF-

2015H1C1A1035955) 
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One-Pot Synthesis of Indolizines via Sequential Rhodium-Catalyzed [2 

+ 1]-Cyclopropanation, Palladium-Catalyzed Ring Expansion, and 
Oxidation Reactions from Pyridotriazoles and 1,3-Dienes 

 

Kyusik Um, Younghyeon Baek, Phil Ho Lee* 

 
Department of Chemistry, Kangwon National University, Korea 

  

Development of synthetic methods for accessing a variety of functionalized N-heterocyclic compounds is 

a significant objective in the fields of organic and medicinal chemistry. Because indolizine derivatives 

containing nitrogens at their ring junction have been found in a number of natural products, pharmaceuticals, 

and bioactive compounds, the development of expeditious approaches for the construction and 

functionalization of indolizine derivatives has gained much attention. However, 3-(alkenyl)indolizine 

derivatives, a vital skeleton for building phosphoinositide 3-kinase inhibitors, have rarely been reported. 

For this reason, we developed a one-pot synthetic route to 3-(alkenyl)indolizine derivatives via sequential 

Rh-catalyzed [2 + 1]-cyclopropanation, Pd-catalyzed ring expansion, and oxidation reactions from 

pyridotriazoles and 1,3-dienes.This work was supported by the Human Resource Training Program for 

Regional Innovation and Creativity through the Ministry of Education and National Research Foundation 

of Korea (NRF-2015H1C1A1035955). 
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Synthesis of Imidazopyridines through Copper-Catalyzed, Formal 

Aza-[3 + 2] Cycloaddition Reaction of Pyridine Derivatives with 
α-Diazo Oxime Ethers 

 

Kyusik Um, hyunseok kim, Phil Ho Lee* 

 
Department of Chemistry, Kangwon National University, Korea 

  

N-Containing heterocyclic compounds are extremely important in the study of biological activity and for 

pharmaceutical utilization. Especially, imidazopyridines with both pyridine and imidazole moieties, which 

comprise a typical, privileged scaffold, exhibit gastroprotective properties and function as sedative, 

anxiolytic, and insomnia medicine. For this reason, the development of a synthetic method for 

imidazopyridine and its derivatives from easily accessible compounds is needed. So we developed a Cu-

catalyzed, formal aza-[3 + 2] cycloaddition reaction with pyridine derivatives and α-diazo oxime ethers in 

trifluoroethanol to synthesize imidazopyridines with the release of molecular nitrogen and elimination of 

alcohol. This method enabled modular synthesis of a wide range of N-heterobicyclic compounds such as 

imidazopyridazines, imidazopyrimidines, and imidazopyrazines.This work was supported by the Human 

Resource Training Program for Regional Innovation and Creativity through the Ministry of Education and 

National Research Foundation of Korea (NRF-2015H1C1A1035955). 
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Synthesis of Bicyclic Isothiazoles through an Intramolecular Rhodium-

Catalyzed Transannulation of Cyanothiadiazoles 
 

Ilyong Jung, Gi Uk Han1, Phil Ho Lee1,* 
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Bicyclic isothiazole ring systems are privileged structural motifs found in many pharmaceutical compounds 

and functional materials. They have been widely used as significant privileged scaffolds in a myriad of 

areas such as organic electroluminescent materials, semiconductors, pesticides, anticancer drugs, and 

ligands. Thus, development of an efficient synthetic method for functionalized bicyclic isothiazoles is 

highly desired.Therefore we developed an intramolecular Rh(I)-catalyzed transannulation of readily  

available cyanothiadiazoles containing an ester, amide, or ether as a linker, serving as an efficient platform 

for the construction of a wide range of bi-, tri-, and tetracyclic isothiazoles in good to excellent yields 

together with the release of molecular nitrogen. These results suggest that the carbon atom in the α-thiavinyl 

carbene is nucleophilic and that the sulfur atom is electrophilic. 
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Synthesis of 5,n-Fused Thiophenes via Rh-Catalyzed Intramolecular 

Transannulation of Alkynyl Thiadiazoles 
 

Ilyong Jung, Younghyeon Baek1, Phil Ho Lee1,* 

 
department of chemistry, Kangwon National University, Korea 

1Department of Chemistry, Kangwon National University, Korea 

  

Fused thiophenes have been recognized as very important scaffolds in the field of pharmaceutical and 

functional materials sciences. For this reason, the development of an efficient synthetic method for 

functionalized fused thiophenes is highly attractive and poses a significant challenge. However, because 

some of the previously reported synthetic methods demand a strong base, long reaction times, and vigorous 

reaction conditions, the development of efficient synthetic approaches to overcome these shortcomings has 

been continuously required. Herein, we developed a method for the synthesis of a wide range of fused 

thiophenes, including those fused with lactams, lactones, or cyclic ethers, from a rhodium-catalyzed  

intramolecular transannulation reaction of alkynyl thiadiazoles. This transannulation reaction provides an 

efficient platform for the construction of a variety of 5,n-fused thiophenes from readily available starting 

materials together with the release of molecular nitrogen.This work was supported by the Human Resource 

Training Program for Regional Innovation and Creativity through the Ministry of Education and National 

Research Foundation of Korea (NRF-2015H1C1A1035955) 
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Synthesis of Dihydrophosphaisocoumarins through a Pd-Catalyzed 

Oxidative Cyclization of Arylphosphonic Acid Monoethyl Esters with 
1,3-Dienes 

 

Yoonbeak Lee, Jeong-Yu Son1, Phil Ho Lee1,* 
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Organophosphorus compounds are an omnipresent structural motif found in living organisms and 

biologically active compounds, and their facile synthesis is important in the preparation of synthetic 

intermediates, agrochemicals, and pharmaceuticals. Additionally, these compounds have continuously 

attracted great interest due to their role as bioisosteres of carbonyl and carboxylate groups. Accordingly, 

much effort has been devoted not only to construct skeletons of phosphorus compounds but also to 

introduce new functional groups onto these compounds. However, in contrast their acyclic analogs, the 

synthesis and application of phosphaheterocyclic compounds have been rarely investigated.We developed 

an efficient synthetic method for the selective preparation of dihydro-phosphaisocoumarins and their 

derivatives through a Pd-catalyzed oxidative cyclization reaction of a wide range of arylphosphonic acid 

monoethyl esters with activated and unactivated 1,3-dienes, including 1-aryl-substituted 1,3-dienes and 1-

alkyl-substituted 1,3-dienes, thus opening a new avenue for the synthesis of phosphaheterocyclic 

compounds.This work was supported by the Human Resource Training Program for Regional Innovation 

and Creativity through the Ministry of Education and National Research Foundation of Korea (NRF-

2015H1C1A1035955) 
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Pd-Catalyzed Propargyl Substitution and Cycloisomerizatioh for the 

Synthesis of Multisubstituted Allenes, Furans, and Pyrroles 
 

Yoonbeak Lee, Sang Hoon Han1, Phil Ho Lee1,* 
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Recently, an efficient synthetic method towards multisubstituted furans and pyrroles bearing hetero-

substituents was reported through metal-catalyzed 1,2-shifts of diverse migrating groups in allenyl systems. 

However, the introduction of a wide variety of substituents at the 4-position of furans and pyrroles is 

impossible due to requirement of [1,3]-H shift in these methods. Therefore, the development of an efficient  

synthetic method for multisubstituted furans and pyrroles bearing 3-heteroatom substituents as well as 

substituents at the 4-position has been a continuing challenge. Herein, we report Pd-catalyzed propargyl 

substitution reactions of propargyl acetates with indium organothiolates for the synthesis of 

multisubstituted allenyl sulfides. This procedure employed tandem Pd-catalyzed propargyl substitution and 

cycloisomerization reactions from indium organothiolates and propargyl acetates bearing acyl and imidoy l 

groups for the synthesis of multisubstituted furans and pyrroles in one-pot.This work was supported by the 

Human Resource Training Program for Regional Innovation and Creativity through the Ministry of 

Education and National Research Foundation of Korea (NRF-2015H1C1A1035955) 
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First Structural Revision of Baulamycin A and Structure-Activity 

Relationships of Baulamycin A Derivatives 
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Total synthesis of the proposed structure of baulamycin A was performed. The spectral properties of the 

synthetic compound differ from those reported for the natural product. On the basis of NMR study, we 

proposed two other possible structures for natural baulamycin A. Total syntheses of these two substances 

were performed, which enabled assignment of the correct structure of baulamycin A. Key features of the 

convergent and fully stereo-controlled route include Evans Aldol1 and Brown allylation2 reactions to 

construct the left fragment, a prolinol amide-derived alkylation/desymmetrization to install the methyl 

substituted centers in the right fragment, and finally a Carreira alkynylation3 to join both fragments. In 

addition, we have determined the inhibitory activities against the enzyme SbnE4 of novel baulamycin A 

derivatives. This SAR study provides useful insight into the design of novel SbnE inhibitors that overcome 

the drug resistance of pathogens, which cause life-threatening infections. 
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Synthesis of Agastaquinone, A new cytotoxic diterpenoid quinone 

 

Minjun Kim, Sangku Lee1,* 

 
drug discovery and development, Chungbuk Natioanl University, Korea 

1KRIBB, Korea 

  

A new diterpenoid quinone, Agastaquinone, isolated from the roots of agastache rugosa. Agastaquinone 

showed nonspecific cytotoxic activities against several human cancer cell lines in vitro. 
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One-pot three-component reaction for the synthesis of 2-amino-5-oxo-
4-phenyl-4H,5H-pyrano[3,2-c]chromene-3-carboxamide using p-TSA 

as a catalyst 
 

amol jadhav, Yeon Tae Jeong* 

 
Department of Display Engineering, Pukyong National University, Korea 

  

A convenient and environmentally friendly procedure for the synthesis of 2-amino-5-oxo-4-phenyl-4H, 5H-

pyrano[3,2-c]chromene-3-carboxamide via a one-pot, three-component condensation of 4-

hydroxycoumarin, aldehydes and cyanoacetamide in the presence of catalytic amount of p-toluenesulfonic 

acid (p-TSA) as a highly active acid catalyst in EtOH conditions at 80 °C. This new procedure offers several 

advantages such as shorter reaction times, excellent yields, operational simplicity, a wide range of 

functional group tolerance, simple and easy experimental work-up procedure. 
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Metal-Free Cascade Approach toward the Synthesis of Novel Amino-
indazolo[3',2':2,3]imidazo[1,5-c]quinazolin-6(5H)-ones via post GBB 

Reaction 
 

SANDIP GANGADHAR BALWE, Yeon Tae Jeong* 

 
Department of Display Engineering, Pukyong National University, Korea 

  

An efficient tandem metal-free route to the synthesis of novel amino-indazolo[3',2':2,3]imidazo[ 1, 5-

c]quinazolin-6(5H)-ones has been developed. The cascade proceeds through a Ugi-varient Groebke–

Blackburn–Bienayme (GBB) reaction through an situ generation of spiro compound, which undergoes 

sequential ring opening via a [1,5]-hydride shift, followed by intramolecular nucleophilic reaction of the 

newly generated isocyanate furnishing biologically interesting polycyclic heterocyclic compounds with  

good to excellent yields. 
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Choline hydroxide: An efficient and recyclable basic catalyst for the 
construction of highly functionalized pyrido[2',3':3,4]pyrazolo[1,5-

a]pyrimidine derivatives under neat conditions 
 

KUMAR KRISHNAMMA, Yeon Tae Jeong* 

 
Department of Display Engineering, Pukyong National University, Korea 

  

Choline hydroxide has been found to be a green and efficient basic ionic liquid catalyst for the synthesis of 

highly functionalized pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimid ine derivatives through the reaction of a series 

of α,β-unsaturated ketones with 1H‐Pyrazolo[3,4‐b]pyridin‐3‐amine under neat conditions. A series of α,β-

unsaturated ketones with different substituted functional groups efficiently converted to their corresponding 

products in good to excellent isolated yields, and the reactions can be easily scaled up to multigrams. The 

present environmentally benign and reusable ChOH catalyst offers several advantages such as shorter 

reaction times, a wide range of functional group tolerance, and high yield of products via a simple 

experimental and work-up procedure. 
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Flow Amination of Organolithiums: Preparation and Synthetic Use of 

Aminating Reagents Using Flow Microreactors 
 

Heejin Kim, Yuya Yonekura, Jun-ichi Yoshida* 

 
Department of Synthetic Chemistry and Biological Chemistry, Kyoto University, Japan 

  

A synthetic methodology for the formation of C–N bond has become an important subject of considerable 

attentions in organic synthesis. Various transition-metal-catalyzed coupling reactions have been developed 

as highly reliable means of carrying out the C–N bond formation as a nucleophilic amination. Electrophilic  

amination of carbanions (typically, organometallic compounds serves as an alternative tool, which is based 

on the umpolung strategy. Direct amination of organolithiums has also been studied from the beginning of 

organolithium chemistry, it still remains an ongoing challenge. The direct amination of organolithiums has 

suffered from low yields, formations of by-products, and limited scopes, due to an instability and low 

selectivity of organolithiums.We herein report a design, preparation, and synthetic use of aminating  

reagents for a rapid amination of functionalized organolithiums in flow microreactors. Various in-situ 

generated organolithium intermediates could be reacted with optimized aminating reagents in flow for C–

N bond formation without using any catalyst under mild conditions in a short time. Based on stopped-flow 

NMR analysis, the aminating reagent was also prepared by the flow method. The preparation of the 

aminating reagent was easily optimized without any necessity of work-up. Integrated one-flow synthesis 

consisting of generation of an aryllithium, the preparation of an aminating reagent, and their reaction was 

successfully achieved to give desired amine product within 5 min of total reaction time. 
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Coordination-driven self-assembly of 3D supramolecular cages using 

triazole-based tetratopic donor 
 

JATINDER SINGH, DONGHWAN KIM, Kiwhan Chi* 

 
Department of Chemistry, University of Ulsan, Korea 

  

In recent years, coordination-driven self-assembly has become a dominant means of constructing 

functionalized metallosupramolecular architectures with promising applications such as molecular 

recognition, separation, catalysis and encapsulation of various guests. Coordination-driven self-assembled 

3D supramolecular cages have attracted particular attention owing to their numerous potential applications 

such as containers for labile chemical species, molecular flasks for chemical reactions and transport 

vehicles for drug molecules. Our recent self-assembled prismatic cage was capable for sequential 

encapsulation of multiple aromatic guests in its large cavity.H1 Herein, we report the coordination-driven 

self-assembly of triazole-based tetratopic donor with various arene ruthenium acceptors. All the new 

metallosupramolecules have been characterized by elemental analysis, H1H NMR, H13C NMR and mass 

spectrometry. 
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Development of Highly Active Silicon Nanowire Array-Supported 

Metal Nanoparticle Catalysts for Hydrogenation 
 

Heeyoel Baek, Yasuhiro Uozumi, Yoichi M. A. Yamada* 

 
CSRS Green Nanocatalysis Research Team, RIKEN, Korea 

  

We previously reported that the development of silicon nanowire array-supported palladium nanoparticles 

(SiNA-Pd) and its use in several organic transformations.[1] Herein, we would like to present highly stable 

and reusable silicon nanowire array–supported metal nanoparticles (SiNA-MNP) and their application to 

hydrogenation reactions. SiNA-MNP catalysts were prepared by Ag-assisted chemical etching and 

subsequent deposition of a variety of metals such as Pd, Pt, and Rh. Monometallic SiNA-Pd catalyzed the 

hydrogenation of alkenes and alkynes to give the corresponding alkanes in up to 99% yield, and the catalyst 

was reused without significant loss of its catalytic activities. Moreover, bimetallic SiNA-Pd0.81Rh0.19 and 

SiNA-Pd0.65Pt0.35 catalysts as well as SiNA-Pd efficiently promoted the hydrogenation of trans-stilbene 

in EtOH under hydrogen atmosphere (0.1 MPa) to give 1,2-diphenylethane in 99% yield. SiNA-MNP 

catalysts were readily recovered and reused many times (SiNA-Pd: 170th use on going, SiNA-

Pd0.81Rh0.19: 110th use on going, SiNA-Pd0.65Pt0.35: 200th use on going) without loss of their catalytic 

activity. References[1] Y. M. A. Yamada, Y. Yuyama, T. Sato, S. Fujikawa, Y. Uozumi, Angew. Chem. 

Int. Ed. 2014, 53, 127-131. 
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Metal-Free One-Pot Synthesis of Quinolines and Tetrahydroquinolines 

 

Huen Ji Yoo, So Won Youn* 

 
Department of Chemistry, Hanyang University, Korea 

  

A new highly effective one-pot, three-component reaction of arenediazonium salts, nitriles, and styrenes 

for the synthesis of quinolines and tetrahydroquinolines has been developed. In sharp contrast to the prior 

works with the same reagent blend, the formation of N-arylnitrilium intermediates from arenediazonium 

salts and nitriles was followed by reaction with styrenes, leading to 3,4-dihydroquinolinium salts as a 

common intermediate. These could be further selectively transformed to quinolines and 

tetrahydroquinolines depending on the reaction conditions. This is the first example of the synthesis of both 

quinolines and tetrahydroquinolines using arenediazonium salts as a C2 building block for a benzene ring 

fused to a pyridine/piperidine ring. The advantages of this protocol include its simplicity, metal-free and 

mild conditions, readily available starting materials, and good functional group tolerance. 
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Pd-Catalyzed Oxidative Alkenylation/Annulation of N-Ts-Benzamides 

with Styrenes: Synthesis of (E)-3-Arylmethyleneisoindolin-1-ones 
 

TaeYun Ko, So Won Youn* 

 
Department of Chemistry, Hanyang University, Korea 

  

Due to their various biological properties and wide application in pharmaceutical research, isoindolinones 

are one of the most important heterocycle compounds. Especially, 3-arylmethyleneisoindolin-1-ones have 

been utilized for the synthesis of numerous natural products and pharmacologically important compounds. 

Among the various synthetic strategies, the majority of synthetic routes relies on the use of acrylates and 

benzamides. Even if various methods for the synthesis of isoindolinone derivatives have been reported for 

decades, more efficient synthetic methods using styrenes are still in great demand. Recently, our group 

developed a highly efficient one-pot synthesis of (E)-3-arylmethyleneisoindolin-1-ones from N-Ts-

benzamides and styrenes under Pd catalysis, forming new C-C and C-N bonds with high efficiency and 

stereoselectivity. 
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Synthesis of Resveratrol Derivatives Containing Heteroatoms 

 

Ji-geun Gim, Jeong Tae Lee* 

 
Department of Chemistry and Institute of Applied Chemistry, Hallym University, Korea 

  

Previously, our laboratory synthesized π-system extended resveratrol derivatives and measured the 

antioxidant activity to study how extended π-system affect the antioxidant effect. Currently, our laboratory 

focuses on synthesizing resveratrol derivatives with a few heteroatoms, such as nitrogen, oxygen, and sulfur, 

to identify the trends in antioxidant effects and to determine how the antioxidant activities are affected by 

the position of heteroatoms. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-332 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
An efficient synthesis of nitrogen containing heterocyclic resveratrol 

analogs 
 

Lee Seul Park, Jeong Tae Lee* 

 
Department of Chemistry and Institute of Applied Chemistry, Hallym University, Korea 

  

Nitrogen containing heterocyclic compounds are important components of various biologically active 

compounds. A series of resveratrol analogs were synthesized to enhance the antioxidant activity of 

resveratrol (3,5,4’-trans-trihydroxystilbene), a well-known natural product with strong antioxidant activity. 

We have synthesized naphthalene, quinoline, isoquinoline, quinoxaline, and quinazoline scaffolds 

containing resveratrol core by Wittig-Horner reaction or metal-catalyzed reactions as key steps. The 

antioxidant activity of these compounds has been measured by the ABTS assay and we anticipate some of 

the compounds may exhibit better activity than that of the lead compound, resveratrol. 
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Facile synthesis of guanidine containing antihistamine conjugates 

 

Ju Mi Lee, Jeong Tae Lee* 

 
Department of Chemistry and Institute of Applied Chemistry, Hallym University, Korea 

  

The guanidine derivative (9,13b-dihydro-1H-dibenzo[c,f]imidazo[1,5-a] azepin-3-amine hydrochloride) (1) 

is a selective H1 receptor antagonist and mast cell stabilizer with minimal side effects. It is mainly used in 

eye drops to treat allergic conjunctivitis. It also prevents the release of proinflammatory chemical mediators 

from the blood vessel to halt progression of the allergic response. In order to improve its analgesic effect, 

herein, we report the synthesis of novel conjugates generated by coupling of 1 with nonsteroidal anti-

inflammatory drugs (NSAIDs) such as aspirin and salicylic acid. Furthermore, synthesis of other conjugates 

containing γ-aminobutyric acid (GABA) (neurotransmitter) and gabapentin (anticonvulsant agent) moieties 

are also in progress. 
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Guest-induced Calix[6]arene Carboxylate Derivative Adopting 1,3,5-

Alternative conformation 
 

Suk-Hee Moon, Hansu Im1, Ki-Min Park2,* 

 
Department of Food & Nutrition, Kyungnam College of Information & Technology, Korea 

1Department of Chemistry, Gyeongsang National University, Korea 
2Research Institute of Natural Science, Gyeongsang National University, Korea 

  

Calixarenes are a class of macrocycles or cyclic oligomers possessing a cavity capable of accepting a guest 

molecule. Calix[4]arene derivatives adopt one of four conformations such as cone, patial cone, 1,3-

alternative, and 1,2-alternative conformations owing to the rigid aromatic core of calix[4]arene. However, 

calix[6]arene derivatives cannot be determined their conformations because of their flexible conformations 

caused by the large ring size which can allow larger guests to be accepted. We have employed calix[6]arene 

hexaacetic acid (H6CHA) to explore its conformation change caused by the accommodation of guest 

molecules. When cyclohexane-1,4-diamine as a guest was added into the methanol solution of H6CHA, 

cyclohexane-1,4-diamonium dication, obtained by acid-base reaction between H6CHA and the guest 

diamine, is accommodated into the ring cavity of the CHA6- through C―H…π interactions. Moreover, the 

conformation of CHA6- changes into 1,3,5-alternative form. On the other hand, cyclohexylammonium 

cations obtained by the addition of cyclohexylamine as a guest are not accommodated in the cavity of 

CHA6-. Herein, we report the synthesis and characterization of the 1,3,5-alternative calix[6]arene 

hexaacetate accommodating cyclohexane-1,4-diammonium dication as well as the conformational change 

of calix[6]arene carboxylate derivative caused by the guest species. 
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N-methylative aziridine ring opening and the synthesis of (S)-3-

methylamino-3-[(R)-pyrrolidin-3-yl]propanenitrile 
 

Sangyun Na, Won Koo Lee1, Hyun-Joon Ha* 

 
Department of Chemistry, Hankuk University of Foreign Studies, Korea 

1Department of Chemistry, Sogang University, Korea 

  

The preparation of (S)-3-methylamino-3-[(R)-pyrrolidin-3-yl]p ropanenitrile (1), a key fragment of 

fluoroquinolone antibiotic PF-00951966 and others was achieved by N-methylative aziridine ring opening, 

addition of methyl group at the ring nitrogen, and ring-opening via a cyanide nucleophile in a single 

operation starting from bicyclic (R)-2-[(R)-pyrro lid ine-3-yl]azirid ine. The starting compound was 

elaborated from stereoselective conjugate addition of nitromethane to (R)-aziridine-2-y l acrylate followed  

by selective reduction without breaking the aziridine ring.References: 1. J. Lee, JE. Lee, HJ. Ha, SI. Son, 

WK. Lee. Tetrahedron Lett. 2015, 56, 856-858.2. DH. Yoon, P. Kang, WK Lee, Y. Kim, HJ. Ha. Org Lett. 

2012, 14, 429-431. 3. MS. Lall, G. Hoge, TP. Tran, et al. J Org Chem. 2012, 77, 4732-4739.4. J-H. Jung, 

S Kim, H. Eum, WK. Lee, HJ. Ha. Tetrahedron. 2017, 73(41), 5993-5999. 
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Pd-catalyzed Enatioselective Suzuki-Miyaura Cross-Coupling Reaction 

of Silyl-Substituted 1,1-Diborylmethanes with Aryl Iodides 
 

junghoon Kim, Seung Hwan Cho* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Organodimetallic reagents which have two metal moieties have become useful building blocks for highly 

functionalized molecules. Among those reagents, 1,1-borylsilylalkanes are considered as one of the most 

powerful reagents, due to their stability and versatility. However, despite the progress of studies on the 

synthesis of 1,1-borylsilylalkanes over a long period of time, most of them are limited to the synthesis of 

racemic compounds. Currently, only few methods are available to synthesize the enantioenriched 

compounds. Herein, we report a novel reaction to synthesize chiral 1,1-borylsilylalkanes through coupling 

reaction with aryl halides in the presence of Pd-catalyst using silylated 1,1-diborylmethanes. 
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Palladium-Catalyzed Asymmetric N-Regioselective Coupling Reaction 

of Indoles with Alkoxyallenes 
 

Seok Hyeon Jang, Hyun Woo Kim1, Young Ho RHEE* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

1Chemical Simulation Center, Korea Research Institute of Chemical Technology, Korea 

  

A new palladium-catalyzed asymmetric coupling reaction of indoles with alkoxyallenes is reported. 

Notably, the reaction showed complete regioselectivity for nitrogen regardless of electronic properties of 

indoles. This synthetic method offers highly efficient and flexible synthesis of N-glycosydic indoles. 
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New Synthetic Method for Mixed Monosilyl Acetals and Highly 

Chemoselective Mukaiyama Aldol Reactions 
 

Hye Sung Yang, Jung Woon Yang*, Hyun-Joon Ha1,* 

 
Department of Energy Science, Sungkyunkwan University, Korea 

1Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

In general, acetals are used as protecting group for aldehydes, ketones or diols. In addition, O,O-Mixed  

acetals are well known as synthetic equivalents of aldehydes or esters and are widely used in diverse 

synthetic organic reactions, such as the Mukaiyama aldol, Diels-Alder, and radical cyclization reactions. 

So we develop a highly selective, direct, and simple synthetic method for the synthesis of mixed monosilyl 

acetals from aldehydes. In particular, we successfully carry out chemoselective Mukaiyama aldol reactions 

with mixed monosilyl acetals, relying on the discriminative activation of the alkoxy group on the acetal by 

different oxophilic catalyst. Furthermore, this study investigates more accurate mechanism through 

detection of oxocarbenium ion analyzed by ESI-HRMS. Finally we proceed highly anti-selective 

Mukaiyama aldol reaction with (E)- and (Z)- mixture of silyl enol ether. 
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Synthesis of photochromic diarylethenes containing sulfonyl group and 

study of their photochromic efficiency 
 

Sujin Gwak, Kwang-Hyun Ahn* 

 
Department of Applied Chemistry, Kyung Hee University, Korea 

  

The photochromism is a phenomenon in which the spectroscopic characteristics of molecules are reversibly 

changed by light or light rays at a specific wavelength, and color change occurs. Recently, photochromism 

for glass and ink have been widely used. Among various photochromic materials, diarylethene series which 

are excellent in fatigue properties were used in this study. BTT and mono-BTT, which exhibit photochromic 

properties, were synthesized from 2-methylbenzo[b]thiophene through boronation reaction and Suzuki 

reaction. Sulfur atom of mono-BTT was oxidized at room temperature, and then Suzuki reaction was carried  

out to synthesize BTTO2. When such a reaction was carried out at a high temperature, BTTO4 was 

synthesized. Photophysical properties of those compounds were studied. We will discuss about the change 

of physical properties including fatigue properties according to the oxidation degree of sulfur group. 
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Visible Light Mediated Photoredox Catalyzed Alkoxymethylation of 

Alkene Derivatives using α-silyl ether 
 

Nilufa Khatun, Myeong Jun Kim1, sangkook woo2,* 

 
Chemistry, Post Doctoral Researcher@UNiversity of Ulsan, Korea 

1University of Ulsan, Korea 
2Department of Chemistry, University of Ulsan, Korea 

  

Two independent efficient photoredox catalytic approaches have been established for alkoxymethylation  

of electron deficient alkenes employing aryl silyl ether as the suitable coupling partners. In this reaction, 

the in situ generated alkoxymethyl radical, obtained by the photocatalytic desilylative single electron 

oxidation of α-silyl ether, coupled with electron deficient aryl/alkyl alkenes to install a new C-C bond. 

Fukuzumi’s catalyst (Acr+-Mes) and Ru(bpz)3(PF6)2 are being found as the suitable catalysts for the 

oxidation of TMS-modified ether under visible light photocatalytic SET process. In this protocol, both 

catalytic conditions are compatible with a wide range of substrates scope, in terms of α-silyl ethers or alkene 

derivatives. The mechanistic study supports the radical pathway for this reaction mechanism. Furthermore, 

the synthesized ether compounds were subjected to various reactions to produce mono-carboxylic acid, γ-

lactone and Suzuki coupling products. 
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Synthesis of New Light-Emitting Donor-Acceptor Material Based on 

Phenyl Phenothiazine and Phenyl Substituted Quinoline 
 

So Dam Kim, Tae Woo Kwon* 

 
Department of Chemistry, Kyungsung University, Korea 

  

New donor-acceptor molecule that included phenyl phenothiazine as the electron donor and phenyl 

substituted quinoline as the electron acceptor has been synthesized. Phenyl phenothiazine has been used as 

electron donor component due to their low reversible oxidation potentials by virtue of the sulfur atom which 

can facilitate the hole transport of the carrier. Phenyl substituted quinolines are well known to be a good 

electron acceptor materials. In this study, we report the synthesis of (E)-1,2-bis(4-phenyl-2-(10-pheny l-

10H-phenothiazin-2-yl)-3-(p-tolyl)quinolin -6-yl)ethene via Ullmann, Grignard, Friedlander, Stille  

coupling reactions. Product was determined by using 1H, 13C NMR, MS, UV-Vis and Photoluminescence. 

Detailed synthetic routes and characterization will be described. 
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Palladium-Catalyzed Asymmetric Hydroalkoxylation of ene-alkoxy 

Allene: A New Strategy for Carbohydrate Synthesis 
 

Juyeol Lee, Young Ho RHEE* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

We recently developed chiral ligand-controlled asymmetric hydroalkoxylation of ene-alkoxyallene. The 

method was successfully used in atom-efficient and stereodivergent synthesis of a wide range of O-

glycosides moiety. Synthetic utility was also demonstrated by the synthesis of various deoxy-

oligosaccharides. 
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Synthesis of Spiro[imidazolidine-4,11'-indeno[1,2-b]quinoxalin-

hydantoins and Imidazolidine-2,4-diones 
 

LEE SEUNG RYUL, Dai Il Jung*, JUNGTAI HAHN1, Eon Jin Lee 
 

Department of Chemistry, Dong-A University, Korea 
1Department of Beauty Care, U1 University, Korea 

  

In pharmaceuticals, hydantoin derivatives form a class of anticonvulsants phenytoin and fosphenytoin both 

contain hydantoin moieties and are both used as anticonvulsants in the treatment of seizure disorders. Also 

Indenoquinoxaline derivatives in organic synthesis are an important class of nitrogen-containing 

heterocycles and are useful building blocks found in a wide range of biologically active compounds. 

Moreover, carbonyl group of indeno[1,2-b]quinoxalin-11-ones can further be modified to 

pharmacologically important functional groups such as hydantoin ring or Schiff base. Hydantoin is found 

in medically important compounds such as the anticonvulsants, phenytoin and fosphenytoin, which are used 

to treat seizure disorders. Schiff bases have been reported to possess a wide range of medicinal and 

pharmacological activities such as anticonvulsants, anti-inflammatory agents, analgesics and antimicrobial 

agents. In this study, a series of indeno[1,2-b]quinoxalin-11-one derivatives are synthesized by the 

condensation between ninhydrin and various aromatic diamines. A reasonable sequence of events is the 

addition to carbonyl, substitution of hydroxyl and two elimination of water. Resulting indeno[1,2-

b]quinoxalin-11-one derivatives were further reacted to form hydantoins and Schiff base moieties. we tried 

Synthesis of indenoquinoxalines from ninhydrin and diamines. Spirohydantoins anticipated anticonvuksant 

activity from the reactions od 2-benzoylpyridine, 2-benzoylthiophen, and indenoquinoxalines with  

potassium and ammonium carbonate were obtained were obtained. 
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Carbazole and triphenylamine based hole transporting materials for 

red phosphorescence based OLEDs 
 

seung yu CHOI, BRAVEENTH RAMANASKANDA1, KIHUN YANG2, Seon Guk1, Gyu 
Youn Chea1,* 

 
Wonkwang University, Korea 

1Department of Chemistry, Wonkwang University, Korea 
2School of Natural Science/Department of Chemistry, Wonkwang University, Korea 

  

In this work, four thermally stable hole transporting materials were designed, synthesized and characterized. 

All materials were exhibited higher decomposition temperature without any crystallization features. All 

materials were synthesized by using single step Suzuki cross coupling reaction with good yields. The 

HOMO energy levels of all HTMs were lying between -5.62 to -5.48 eV, which is higher and can facilitate 

an effective hole transporting pathway. Triphenylamine based HTM 2A and 2B were revealed better 

properties when compare with carbazole core based HTM 1A and 1B. HTM 2A was showed higher current 

efficiency of 30.6 cd/A, which is higher than that of reference NPB (27.9 cd/A) based similar device. The 

external quantum efficiency (EQE) of HTM 2A based device was around 26.7% which was absolutely 

higher than other materials used with similar device structure. Consequently, HTM 2A based hole only 

device (HOD) was gave higher hole mobility of 5.3* 10-4 cm2V-1s-1, which is a promising candidate for 

future thermally stable OLED applications. 
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Synthesis of bis-Tetrahydrofuran in Anti-HIV Darunavir Using Pd-

catalyzed Asymmetric Hydroalkoxylation of Alkoxyallene 
 

Mijin Kim, Young Ho RHEE* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

bis-Tetrahydrofuran in HIV-1 protease inhibitors is an attractive synthetic target because of its key role in 

showing excellent enzyme inhibitory and antiviral activity. Recently, we developed asymmetric synthesis 

of bis-tetrahydrofuran with high stereoselectivity and efficiency. The key step is Pd-catalyzed  

hydroalkoxylation followed by ring closing metathesis (RCM) and radical cyclization.11. a) Lim, W.; Kim, 

J.; Rhee, Y. H., J. Am. Chem. Soc., 2014, 136, 13618. b) Kim, M.; Kang, S.; Rhee, Y. H., Angew. Chem. 

Int. Ed., 2016, 55, 9733. 
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Chemoselective Synthesis of Highly Functionalized N-Heterocyclic 

Glycosides by Ruthenium Catalyzed Olefin Isomerization 
 

Kyeongdeok Seo, Ye Ji Kim, Young Ho RHEE* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Highly functionalized N-heterocyclic glycosides are particularly attractive due to their biological activities. 

Herein, we wish to report chemoselective synthesis of highly functionalized N-heterocyclic glycosides by 

ruthenium catalyzed olefin isomerization of cyclic allylic N-glycosides. Various N-heterocyclic glycosides 

were prepared with conservation of the chiral information of the labile N,O-acetal bond. The synthetic 

utility was demonstrated by preparation of various deoxyribonucleosides. 
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Synthesis and photophysical study of 2-fluorenyl-1,2,3-triazole-labeled 

2’-deoxyuridine and its oligonucleotide 
 

SeungWoo Hong, Gil Tae Hwang* 

 
Department of Chemistry, Kyungpook National University, Korea 

  

Fluorene is being regarded as one of the most important fluorophores, because it has a good quantum yield 

and is less bulky than other commonly used fluorophores. We attached fluorene to 2’-deoxyuridine through 

ethynyl linker and observed good solvent-dependent photophysical properties. In this study, we tried to 

synthesize another fluorene-labeled 2’-deoxyuridine linked by triazole group via copper-catalyzed azide-

alkyne cycloaddition (CuAAC). here we prepared 2-fluorenyl-1,2,3-triazol-4-yl-2’-deoxyurid ine (UFT) and 

inserted it at the central position of an oligodeoxynucleotide (ODN). UFT displays different fluorescence 

intensities and emission maxima in different solvents, indicating its potential for application as an 

environmentally sensitive probe.However ODN containing UFT did not exhibit selective thermal stability 

and fluorescence changes upon duplex formation with matched and single-base mismatched targets. This 

highlighted the importance of selecting the appropriate linker to connect the fluorophore to the nucleobase 

when developing such DNA probes 
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Synthesis of energetic triazolium compounds 

 

Kuktae Kwon*, SeungHee Kim, So Jung Lee 

 
Agency for Defense Development, Korea 

  

Energetic materials are classified propellants, explosives and pyrotechnics. Explosives such as TNT, RDX 

have been studied for a long time. TNT was a major explosive during Worldwar-II and it is a melt castable 

explosive not like other explosives. General composite explosvies need long curing time, because polymers 

are used as a matrix. But melt castable explosive like TNT do not need to take a time for curing. They can 

be used almost imidiately after filling. Because of short preparation time, there were many attempts to 

develop melt castable explosives. It is important to show such properties like melting point, sensitivity, 

performance to be a melt castable explosive. Synthesis of Ionic compounds is promising solution for 

development of melt castable explosives. Because properties of ionic compounds can be controlled by ion 

combination. Here in, we introduce a few triazolium compouds as intermediates of melt castable explosive. 
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Synthesis of 4-hydroxybenzoic esters - Oxidation of substituted 

Hagemann's ester 
 

Dahye Kim, Sangho KOO1,* 

 
Department of Energy Science and Technology, Myungji University, Korea 

1Department of Chemistry, Myungji University, Korea 

  

In an effort to synthesize carotenoids with improved biological activity, we need to develop a practical 

synthetic method of diversely R-substituted 4-hydroxybenzoic esters as the terminal ring structure.A 

practical two-step synthetic method of diversely R-substituted 4-hydroxybenzoic esters, which may have 

wide applications in household chemicals and polymeric materials, was developed by 2:1 coupling between 

ethyl acetoacetate and aldehydes (RCHO) in t-BuOK/t-BuOH, followed by oxidative aromatization of the 

resulting Hagemman’s esters by using stoichiometric NBS and catalytic TMS.OTf. 
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Preparation of dial for synthesis of 9,9’,13,13’-tetra-Pheyl-substituted-

carotenoids 
 

Hyebin Yoo, Sangho KOO1,* 

 
Department of Energy Science and Technology, Myungji University, Korea 

1Department of Chemistry, Myungji University, Korea 

  

Phenyl substituents attached to the polyene chain provide not only improved stability, but also diverse 

physicochemical characteristics, depending on the electronic nature of the substituent. Carotene with tetra-

Phenyl substituents has better electrical conductivity than carotene with di-Phenyl substituents. Carotenoid 

molecular wires containing tetra-Phenyl substituents can be assembled by the Wittig reaction between 

tetra-Phenyl-substituted-dial and 4-thiomethylbenzyl phosphonium bromide(Wittig salt). tetra-Phenyl-

substitued-dial can be effectively synthesized by the Julia-Kocienski olefination of the Phenyl-substituted-

C5-BT(benzothiazole)-sulfone with C10 2,7-diphenyl-2,4,6-octatrienedial. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-351 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Effect of terminal ring substituents on the configuration of carotenoids 

 

Soohyeon Cho, Sangho KOO1,* 

 
Myungji University, Korea 

1Department of Chemistry, Myungji University, Korea 

  

We tried to synthesize all-trans-9,9‘,13,13’-tetramethyl substituted carotene that contained terminal 

benzene ring. The 9-(Z)-carotene was exclusively obtained irrespective of coupling reaction and 

disconnection methods for terminal unsubstituted benzene rings. We devised a method to construct all-

trans carotene based on the fact that β-carotene can be easily prepared in all-trans form, in which the ring 

ortho-methyl substituents were conceived to play an important effect on the configuration of the polyene 

chain. 
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Durable Benzenesulfonyl Protection for Phenols- Efficient Synthesis of 

Polyphenols 
 

Mohammad Shariful Alam, Sangho KOO1,* 

 
Department of Energy Science and Technology, Myungji University, Korea 

1Department of Chemistry, Myungji University, Korea 

  

A robust repertoire for phenol protection/deprotection was demonstrated by the use of durable 

benzenesulfonyl group, which survives many harsh reaction conditions using Grignard reagents, 

organolithium reagents, metal alkoxides, phosgenes, mineral and Lewis acids etc. A facile deprotection 

condition utilizing pulverized KOH and t-BuOH in hot toluene make this protocol as a practical method 

which can be applied to the multi-step synthesis of biologically and medicinally important polyphenol 

compounds 
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One pot Synthesis of Various substituted Pyrrole compound 

 

Ik Joon IN, Sangho KOO1,* 

 
Department of Energy Science and Technology, Myungji University, Korea 

1Department of Chemistry, Myungji University, Korea 

  

Pyrrolo lactones were reported to have effect on pain-reliving. It can be synthesized using Maillard reaction 

between various substituted amino acids and different reducing sugars. There are several reported ways to 

synthesize pyrrolo lactone compounds by 7~8 steps. We developed a one-pot synthesizing strategy for 

pyrrolo lactone compounds using amino acids and oxalic acid in DMSO at 90 oC 
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Research of synthetic method of Unnatural carotenoid 

 

Bo-ram Lim, Sangho KOO1,* 
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1Department of Chemistry, Myungji University, Korea 

  

Phenyl substituent is orthogonal to conjugated polyene chain, which can not conjugate with the chain. It is 

postulated that two phenyl substituents can be coordinated with metal ions when the proper distance is 

provided. In order to synthesis of unnatural carotenoids, it is necessary to construct efficient building blocks 

for synthesis of unnatural carotene compound. Allylic sulfone unit containing phenyl substituents can be 

readily prepared from acetophenone derivatives via indium mediated addition and oxonia-cope 

rearrangement. Allylic aldehyde unit can be easily obtained. Based on our design, it is feasible to synthesize 

the conjugated polyene chain with di-phenyl substituents. 
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Adaptation of High Throughput Screening in Novel Antioxidant 

Discovery 
 

gaosheng Shi, Sangho KOO1,* 
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1Department of Chemistry, Myungji University, Korea 

  

High throughput screening, which is widely applied in biochemical science, is one of the new and effective 

approaches to the drug discovery. According to the previous reports, the whole process of high throughput 

has been implemented to the automation of robots, detectors and software. It could examine 100,000 

compounds per day. Recently we applied this method to screening the antioxidant activity of novel 

carotenoids, adding the statistics of the algorithm (cluster analysis and principal component analysis), 

which can establish a new model to analyze the structure-activity relationship of carotenoid derivatives and 

screen target antioxidant in a short time. 
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The application of Mn(Ⅲ)/Co(Ⅱ) Catalyzed Oxidative Deacetylation 

In Biologically Important Heterocyclic Compounds Synthesis 
 

Hui Jin, Sangho KOO1,* 

 
Department of Energy Science and Technology, Myungji University, China 

1Department of Chemistry, Myungji University, Korea 

  

The conjugate addition of 1,3-dicarbonyl compounds to α, β-unsaturated carbonyl compounds produce 1,5-

dicarbonyl compounds, which are ideally suited for the Mn(III)/Co(II)-catalyzed oxidative deacetylation to 

form 1,4-dicarbonyl compounds.A new type of hetero-cyclization directed by a 1,4-dicarbonyl compound 

has been developed. Based on the above oxidation,a high yield of oxidative deacetylation was gained under 

the condition of 5 mol% Mn(AcO)3 and 2 mol% CoCl2. One pot syntheses of furan, thiophene, and pyrrole 

were accomplished by using Mn(Ⅲ)/Co(Ⅱ) catalytic oxidative deacetylation. Further work on extending 

this catalytic oxidative reaction to the synthesis of some natural products is ongoing. 
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Regioselective C-H Alkenylation of Imidazoles 

 

YEJI HWANG, Jung Min Joo* 

 
Department of Chemistry, Pusan National University, Korea 

  

Pd-catalyzed regioselective C5-alkenylation of imidazoles has been developed using oxygen as an oxidant. 

This result was applied to Benzannulation of imidazoles using a sequence involving transposition of N-

alkyl groups to give the C4-alkenylated imidazoles, alkenylation, thermal 6π-cyclization, and oxidation , 

affording unsymmetrically substituted benzimidazoles. 
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A coumarin-naphthalimide hybrid as a ratiometric fluorescent probe 

for hNQO1 
 

Sun Young Park, Min Hee Lee* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

Human NAD(P)H:quinone oxidoreductase (hNQO1) promotes a reduction of quinones to hydro quinones 

in the presence of NADH. It is reported that the hNQO1 activity is higher in cancer cells than in normal 

cells and it is also associated with a drug resistance factor of cancer cells. Here, we presented a coumarin-

naphthalimide hybrid (1) containing a trimethyl lockquinone designed as the trigger group as a selective 

ratiometric fluorescent probe for detecting hNQO1. The trimethyl lockquinone moiety of 1 could be 

reduced by hNQO1 into hydroquinone which subsequently cyclized, resulting in a production of 2 as well 

as a ratiometric fluorescence change at 450 and 540 nm. In addition, probe 1 was found to be highly 

selective for hNQO1 activity over other biologically relevant species, including metals, ROS, and anions. 

Morevoer, we studied enzyme kinetics of 1 using Michaelis-Menten plot, and enzyme efficiency of 1 turned 

to be kcat/Km = 2.184 x 104 (± 0.01821) M-1s-1. 
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A fluorescent probe for detecting mitochondrial nitroreductase in 

cancer cells 
 

Jung Won Yoon, Min Hee Lee* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

Activity of nitroreductase (NTR) is concerned to be a representative feature of tumor cells. NTR is 

overexpressed in biological hypoxia status in organisms, so selective and sensitive detection of NTR is 

focused on hypoxia diseases including cancer. In particular, we are interested in the NTR activity associated 

with the mitochondria in hypoxic conditions. Therefore, we showed a NTR probe that can target the 

mitochondria in live cells and give a fluorescence change in response to the NTR activity. In this study, 

fluorescent probes (1a-c) were designed as a mitochondrial NTR imaging probe. Upon reacting with NTR, 

the 1a-c showed a strong fluorescence increase and visual color change from yellow to red. We are studding 

the detailed sensing mechanism of the probes and the bioimaging experiments are ongoing. 
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Development of hemicyanine-based fluorescent probes for the 

detection of human NAD(P)H:quinone oxidoreductase (hNQO1) and 
its application in live human cells 

 

Jinju Lee, Min Hee Lee* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

A new hemicyanine-based fluorescent probes (1 and 2) were developed for detection and imaging of 

NAD(P)H:quinone oxidoreductase (hNQO1) in human cells. Probes show a broad absorption band at 480 

nm and a very weak fluorescent emission at 560 nm. However, upon the addition of hNQO1, a significant 

fluorescence increase at 560 nm and color change from yellow to red were observed in physiological 

conditions. In addition, these changes were not observed in the case of other biologically relevant species, 

including metal ions, redox species, and anions, in similar conditions. Moreover, we found that the 1 can 

selectively detect the hNQO1 activity with a high specificity constant (kcat/Km = 5.393 ± 1.531 X 106 M-

1min-1), which was relatively higher value compared to other probe reported earlier. 
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A development of NIR-emitting probe for imaging of mitochondrial 

NADH 
 

Jinhui Joo, Min Hee Lee1,* 
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1Department of Chemistry, Sookmyung Women's University, Korea 

  

Nicotinamide adenine dinucleotide (NADH) is a coenzyme involving in many redox reactions in living  

cells. In particular, the NADH plays a crucial role in the production of energy in the mitochondria. In this 

regard, we developed a NIR fluorescent probe (1) that can image mitochondrial NADH. This probe consists 

of NIR fluorophore as signaling unit, electron-deficient moiety as a reactive site to NADH, and 

triphenylphosphonium salt as a mitochondria targeting group. The 1 is almost none-fluorescent, however, 

upon reacting with NADH a significant fluorescence increase is monitored in both solution and live human 

cells. 
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A noble two-photon excitable far-visible FRET system for imaging 

mitochondrial pH 
 

Min Jung Chang, Chulhun Kang1,*, Min Hee Lee2,* 
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We developed a two-photon excitable mitochondria-selective pH probe (1) composed of naphthalimide and 

rhodamine dyes linked to a piperazine. In response to a pH variation, the 1 gave a ratiometric fluorescence 

change at 598 nm based on a combination of PET and FRET mechanisms. This change was reversible and 

rapidly detectable without interfering by other biological species. In addition, the 1 was found to be 

localized to the mitochondria of live HeLa cells and it gave a ratiometric fluorescence enhancement upon 

the acidification of mitochondria using CCCP treatment and nutrient starvation conditions. 
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Development of pyrene-appended naphthalimide-dipicolylamine for 

ratiometric fluorescent detection of Zn2+ ion and its application 
 

Shin A Yoon, Jinju Lee, Min Hee Lee* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

A pyrene-appended naphthalimide-dipicolylamine was developed as a ratiometric fluorescent probe for 

Zn2+ ions. This probe displayed a ratiometric change in the fluorescent intensities at 385 and 530 nm 

corresponding to the emissions of pyrene and naphthalimide units for Zn2+ over other metal ions, allowing  

for a precise quantitative analysis of the Zn2+ ion. The fluorescent color change was also visualized from 

blue to green. We demonstrated that probe recognized Zn2+ ions based on a 1:1 stoichiometric binding event 

and it showed a high sensitivity (limit of detection: 10.5 nM) and a rapid detection time for the Zn2+ ion. In 

addition, the ratiometric change was found to be highly selective for the Zn2+ ions even in the existence of 

other competitive metal ions including Cd2+, Pb2+, Hg2+, Ni2+, Co2+ and Cu2+ ions. Moreover, this probe 

was able to detect Zn2+ ion in a wide pH range of 4-11 and it could be efficiently recycled by treating 

ethylenediaminetetraacetic acid (EDTA). Furthermore, this probe was successfully utilized for 

measurement of Zn2+ concentration contained in drug commercially available zinc supplement. 
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A New Strategy for the Stereocontrolled Synthesis of C3-Methyl 

Branched Pyranosugars 
 

BHAWNA BARPUZARY, Mijin Kim1, Young Ho RHEE1,* 

 
CHEMISTRY, POSTECH, Korea 

1Department of Chemistry, Pohang University of Science and Technology, Korea 

  

A de novo approach for the stereoselective synthesis of C3-methyl branched sugars starting from non-

carbohydrate precursors is reported. The signature step is represented by the Pd-catalyzed asymmetric 

hydroalkoxylation of allene followed by the ring-closing-metathesis. Optimization of the reaction as well 

as application in the synthesis of various mono- and oligo-saccharide will be introduced. 
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A Facile Synthesis Pathway and Derivatization of Stereoregular 

1,3,5,7-Tetrahydroxy-1,3,5,7-tetramethylcyclotetrasiloxanes 
 

Jihee Choi, Cheol-Hong Cheon1, JOON SOO HAN2,* 
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2Materials Architecturing Research Center, Korea Institute of Science and Technology, Korea 

  

The cyclic tetrasiloxane is one of the fundamental raw materials of the silicone industry. For example, 

global manufacturers are producing large amount of octamethylcyclotetrasiloxane, namely D4, as a building 

block in the production of silicone polymers or as an additive in personal care products. In spite of its 

importance in silicone engineering, only a few synthetic methods have been reported for stereoregular 

cyclic tetrasiloxanes.1 The simplest cyclotetrasiloxanol, 1,3,5,7-tetrahydroxy-1,3, 5, 7-

tetramethylcyclotetrasiloxane (MeD4OH), has been interested due to its potentiall utility such as precursors 

to cage or ladder-type polysilsesquioxanes.2 In this presentation we will show a facile synthetic pathway 

for stereoregular MeD4OHs and their derivatives.References1.(a) Endo, H.; Takeda, N.; Unno, M. Chem. 

Asian J. 2017, 12, 1224. (b) Kinoshita, S.; Watase, S.; Matsukawa, K. Kaneko, Y. J. Am. Chem. Soc. 2015, 

137, 5061‒5065. (c) Pozdnyakova, Y. A.; Korlyukov, A. A.; Kononova, E. G.; Lyssenko, K. A.; Peregudov, 

A. S.; Shchegolikhina, O. I. Inorg. Chem. 2010, 49, 572‒577. (d) Shin, H. J.; Jeong, H. D. U.S. Patent 

7,338,689, Mar. 4, 2008. (e) Suyama, K.-I.; Gunji, T.; Arimitsu, K.; Abe, Y. Organometallics 2006, 25, 

5587‒5593. (g) Ito, R.; Kakihana, Y.; Kawakami, Y. Chem. Lett. 2009, 38, 364‒365. (f) Lee, H. S.; Choi, 

S.-S.; Baek, K.-Y.; Hong, S. M.; Lee, E. C.; Lee, J.-C.; Hwang, S. S. Eur. Polymer J. 2012, 48, 1073‒

1081.2.For reviews, see (a) Unno, M.; Suto, A.; Matsumoto, T. Russ. Chem. Rev. 2013, 82, 289‒302. (b) 

Cordes, D. B.; Lickiss, P. D.; Rataboul, F. Chem. Rev. 2010, 110, 2081‒2173. 
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Catalytic 1,2-Addition of gem-Diborylalkanes to Acylic Aldimines: An 

Improved Enantio- and Diastereoselectivity 
 

Jeongho Kim, Seung Hwan Cho* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Reported herein is an improved procedure for the diastereo- and enantioselective copper-catalyzed 1,2-

addition of gem-diborylalkanes to N-protected acyclic aldimines to afford enantioenriched beta-

aminoboronate esters. The reaction indicate that the diastereoselectivity is quite sensitive to the protection 

group and the installation of N,N-dimethyl sulfamoyl group to imine give the desired beta-aminoboronate 

esters with good to excellent diastereo- and enantioselectivity 
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Stability comparison of nonbiofouliung polysaccharide film and 

several polymeric films grown by Surface-Initiated ARGET ATRP 
 

Gyeongyeop Han, Young Hwan Jung1, Bong Soo Lee2,*, JungKyu Lee* 
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Nonbiofouling, prevent accumulation of bioentities is an important issue in a wide range of biology and 

medical fields. We recently report about polysaccharide film and characterized of surface modification and 

biotinylation. Surface-Initiated Activators ReGenerated by Electron Transfer Atom Transfer Radical 

Polymerization (SI-ARGET ATRP) of acetylene-terminated hydroxyethyl methacrylate (AHEMA) and 

oligo(ethylene glycol) methacrylate (OEGMA) has been successfully performed in aqueous media at room 

temperature and subsequent coupling of a biotin ligand containing azide via click chemistry on the 

poly(AHEMA-co-OEGMA) films. We compared stability of polysaccharide film and polymeric films  

through many instruments for using fluorescence scanner, confocal microscope, scanning electron 

microscope (SEM), atomic force microscope (AFM), goniometer.References(1) Lee, B. S.; K. Lee, J. K.; 

Kim, W.-J.; Jung, Y. H.; Sim, S. J.; Lee, J.; Choi, I. S. Biomacromolecules 2007, 8, 744-749.(2)Cho W. K.; 

Kang S. M.; and Lee J. K. J. Nanosci. Nanotechnol. 2014, 14, 1231-1252.(3)Lee B. S.; Lee J.; Han G.; Ha 

E.; Choi I. S.; and Lee J. K. Chem. Asian J. 2016, 11, 2057-2064.(4)Lee B. S.; Chi Y. S.; Lee K. B.; Kim 

Y. G.; and Choi I. S. Biomacromolecules 2007, 8, 3922-3929.(5)Han, G.; Hong, D.; Lee, B. S.; Ha, E.;  

Park, J. H.; Choi, I. S.; Kang, S. M.*; Lee, J. K.* Chem. Asian J. 2017, 12, 846-852. 
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Influences of Hofmeister Anion Series on Amyloid Aggregation of Hen 

Egg White Lysozyme (HEWL) 
 

HYE YEON PARK, KYUNGTAE KANG* 

 
Department of Applied Chemistry, Kyung Hee University, Korea 

  

Amyloid aggregation has been associated with crucial diseases including Alzheimer’s disease, Parkinson’s 

disease, and type Ⅱ diabetes. The rate of amyloid fibrillation is depending on various conditions such as 

pH, temperature, salts. In this research, we investigate the relationship between the presence of Hofmeister 

series and the kinetics of HEWL amyloid formation. The aggregation of the amyloid can be characterized  

by the presence of a lag phase, followed by a rapid growth phase. By using ThT assay, the rate of the fibril 

formation, which varies according the identity of salts contained, can be examined. This research reveals 

how ions in Hofmeister series affects the aggregation rate. 
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Concise Total Synthesis of Exiguamine A 

 

Seungjoo Noh, Chulbom Lee* 

 
Division of Chemistry, Seoul National University, Korea 

  

We present here a concise total synthesis of exiguamine A, an unprecedented hexacyclic alkaloid isolated 

from the marine sponge Neopetrosia exigua. This marine alkaloid is a potent inhibitor of indoleamine 2,3-

dioxygenase (IDO), a key enzyme responsible for tryptophan degradation. IDO is overexpressed in many 

human tumors and has emerged as a promising therapeutic target for cancer immunotherapy as it is known 

to cause cancer to evade the immune system. Aimed toward the efficient chemical synthesis of the immune-

regulating natural product, our approach was based on the notion that exiguamine A consists of three 

domains: tryptamine quinone, dopamine, and hydantoin. Taking advantage of the redox equilibrium 

between quinone and hydroquinone, all subunits for exiguamine A were assembled in a convergent manner 

with concomitant construction of the central pyran framework. After a series of cascade oxidation-reduction 

processes using hydrogen and oxygen, the total synthesis of exiguamine A was accomplished. Described 

in the poster are the details of our synthesis of exiguamine A. 
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Complementary binding of self-folding cavitand with 2-hydroxy 

benzamide moieties 
 

Saegyo Jung, Yeon Sil Park, Kyungsoo Paek* 

 
Department of Chemistry, Soongsil University, Korea 

  

Self-folding cavitands are artificial receptors that are stabilized in their closed, concave conformation by 

non-covalent interactions. A new self-folding iminocavitand was designed and synthesized. The 

resorcin[4]arene-based cavitand bearing four 2-hydroxy benzamide moieties on the upper rim can fold into 

vase conformer by the four intramolecular C=O···H-O···H-N hydrogen bond sequence in the presence of 

suitable guests. Consequently a narrow and deep cavity is formed and stabilized, which was confirmed by 

NMR experiments. The synthesis and binding characteristics of this self-folding cavitand toward various 

guests will be presented. 
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Versatile self-assembled molecular capsule formation of a 

resorcin[4]arene-based amidobenzyl iminocavitand 
 

Yang ryeong Kim, Yeon Sil Park, Kyungsoo Paek* 

 
Department of Chemistry, Soongsil University, Korea 

  

Self-assembling molecular capsules based on noncovalent interactions have attracted considerable interest 

due to their potential as molecular storage, sensor, catalysts, or reaction chambers in the field of 

supramolecular chemistry. Cavitand having four amidobenzyl moieties on the upper rim of imino-cavitand  

formed stable molecular capsules in nonpolar solvents by the eight intermolecular amide N-H···O=C 

hydrogen bondings. The synthesis and characteristics of this amide molecular capsule toward various guests 

will be presented. 
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Visible-light photoredox catalyzed Allylation of α-bromo carbonyl 

compounds using allylsilanes 
 

GwangSeok Jang, Sang Kook Woo1,* 

 
Chemistry, University of Ulsan, Korea 

1Department of Chemistry, University of Ulsan, Korea 

  

γ,δ-Unsaturated carbonyl compounds are well known as products of Clasien rearrangement reaction. These 

compounds allow further possible transformations due to the presence of a double bond. Therefore, many 

methods have been developed for their synthesis. The photochemical reactions of organic compounds 

provide a concise way to form complex molecular skeletons. Herein, we report highly regioselective 

synthetic method for γ,δ-unsaturated carbonyl compunds using visible light photoredox catalysis (Figure 

1). 
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A concise total synthesis of natural furo[3,2-a] carbazole alkaloids 

 

Deok Kyun Ahn, Sang Kook Woo1,* 

 
University of Ulsan, Korea 

1Department of Chemistry, University of Ulsan, Korea 

  

The furo[3,2-a]carbazole core structure is found in many bioactive natural products and pharmaceuticals. 

Recently, we developed a one-pot synthetic method for carbazoles that featured cascade carbon-

carbon/carbon-nitrogen bondformations via Suzuki cross-coupling and Cadogan cyclization.Herein, a short 

and efficient total syntheses of naturally occurring furo[3,2-a]carbazole alkaloids are described (Figure 1). 
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Azeotropic drying-free aliphatic radiofluorination to produce PET 

radiotracers in mixed organic solvents 
 

Young-Do Kwon, JEONGMIN SON1, Mijin Yun, Joong-Hyun Chun* 

 
Department of Nuclear Medicine, Yonsei University College of Medicine, Korea 

1Department of Nuclear Medicine, Yonsei University Health System, Korea 

  

Positron emission tomography (PET), which is a well-established non-invasive molecular imaging  

modality, provides valuable information on the biochemical process associated with radiotracers in vivo. 

Fluorine-18 is the radionuclide of choice for PET imaging in this regard, due to its ideal imaging properties 

such as low positron energy and clean decay process. It has been known that the nucleophilicity of 

[18F]fluoride ion is adversely affected by degrees of hydration with water. This often leads to detrimental 

radiofluorination outcome. To overcome this limitation, the time-consuming (10 ~ 20 min) azeotropic 

drying process has been routinely used in order to completely remove water from aqueous medium. In 

addition, a condensed radiolabeling process is required to achieve the successful imaging studies with PET, 

considering short physical half-live (t1/2 = 110 min.) of fluorine-18. Herein, we developed a streamlined  

radiofluorination method omitting azeotropic drying process, using [18F]fluoride ion directly eluted from 

QMA with phase transfer agent. The reactions were preceded in mixed organic solvents. Various clinical 

radiotracers, such as [18F]PSS232, [18F]FMISO, and [18F]fallypride were demonstrated to provide 12 ~ 46 % 

RCYs. The results obtained from PET radiotracer suggest that the azeotropic drying-free method would be 

a potentially efficient aliphatic radiofluorination protocol, especially advantageous for convenient 

optimization of radiochemistry for newly developed PET radiopharmaceuticals. This work was supported 

by the National Research Foundation (NRF) of Korea, funded by the Ministry of Science, ICT & Future 

Planning (NRF-2015R1D1A1A02061420, 2015K1A3A1A14021182). 
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Aggregation induced emission of benzoxazole-acridine and detection of 

spermidine 
 

Hong-Seok Kim 

 
Department of Applied Chemistry, Kyungpook National University, Korea 

  

9,10-Bis(benzoxazo lylthiomethyl)acrid ine (1) and 9,10-bis(benzothiazolylthiomethyl)acridine (2) were 

synthesized and investigated for sensing of metal cations, anions, and amines. Sensing abilities of these 

probes were investigated using UV-Vis, fluorescence, dynamic light scattering (DLS) and scanning electron 

microscope (SEM) techniques. Probe 1 showed a selective and sensitive response towards spermidine. The 

mechanism of fluorescence changes of 1 with spermidine in different solvents will be discussed based on 

DLS and SEM, and DFT calculation. 
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Enhancing ROS Generation via Photon Energy Transfer of Ir(III) 

Complex for Low Energy Photodynamic Therapy 
 

Chaiheon Lee, Tae-Hyuk Kwon* 

 
Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

Ir(III) complexes with great reactive oxygen species (ROS) generation efficiency have attracted attention 

as a photosensitizer for photodynamic therapy (PDT) because ROS such as singlet oxygen and superoxide 

radical induce protein inactivation and trigger cancer cell death.1 However, the Ir(III) complexes produce 

not enough amount of ROS to kill cancer cells due to low absorption coefficient despite their great ROS 

generation efficiency. Therefore, high-energy irradiation (>35 J/cm2) is necessary for PDT, which causes 

normal tissue damage in clinical application.2 Herein, we report novel Ir(III) complex, Ir-bxACD, 

incorporating acedan dye which has strong absorption coefficient, high quantum yield, and great two-

photon activation property. As the Ir-bxACD is irradiated, the highly efficient intra-molecular energy 

transfer (≥98%) occur because the emission energy of acedan dye is well-matched to absorption region of 

Ir(III) complex. Thereby, the enhanced amount of exciton of Ir-bxACD by energy transfer improves 

absolute amount of singlet oxygen. As a result, the Ir-bxACD with low-energy irradiation (≤0.3 J/cm2) 

triggers effective apoptosis on mitochondria of living cancer cells, even with two-photon activation. 

Consequently, we present rationally designed Ir(III) photosensitizer for PDT incorporating acedan dye, and 

propose the possibility of PDT using non-invasive irradiation. 

1.Nam, J. S.; Kang, M.-G.; Kang, J.; Park, S.-Y.; Kim, H.-T.; Lee, S. J. C.; Seo, J. K.; Kwon, O.-H.; Lim, 

M. H.; Rhee, H.-W.; Kwon, T.-H. J. Am. Chem. Soc. 2016, 138, 10968. 

2.Wu, N.; Cao, J.-J.; Wu, X.-W.; Tan, C.-P.; Ji, L.-N.; Mao, Z.-W. Dalton Trans., 2017, 46, 13482. 
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Palladium-catalyzed Tandem Homo-coupling of Terminal Alkynes and 

Hydroarylation of Nitropyrazoles 
 

Changhoon Shin, Jung Min Joo1,* 

 
department of chemistry, Pusan National University, Korea 

1Department of Chemistry, Pusan National University, Korea 

  

We have developed a Pd-catalyzed tandem reaction with terminal alkynes and nitropyrazoles. Although 

terminal alkynes have been considered to be challenging to use in C-H activation of (hetero)arenes because 

of facile dimerization, we achieved the tandem reaction forming the Pd-alkenyl complex to generate enynyl 

pyrazoles using diynes as a counterpart of pyrazoles. Depending on the equivalent of terminal alkynes and 

the type of oxidants, either the hydroarylation or the direct alkynylation occurred through different catalytic 

cycles. 
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New NIR emitting dyes for bioimaging application 

 

Changwook Song, Kyo Han Ahn* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Fluorescence imaging with fluorescent dyes has been widely used in tissue and cellular imaging because 

of its advantages such as non-invasive detection, high selectivity and sensitivity for analytes, and simple 

operation with low cost. However, most of known fluorescent dyes suffer from autofluorescence 

interference from biomolecules and shallow penetration depth, which limit their use on clinical site. A two-

photon absorbing dye that emits in the far-red or NIR region can be a solution to those issues. Such dyes 

allow us to image of tissue at deeper penetration depth with reduced autofluorescence interference.1We 

report naphthalene–based hemicyanine dyes, which have significant two-photon absorbing property and 

also emit in the NIR region. The new dyes have high quantum yields, good photostability, and are expected 

to have minimal autofluorescence interference in two-photon imaging of tissue. Synthesis, characterization 

of photophysical properties, stability toward reactive oxygen species and biothiols, and an application of 

the dyes will be presented.1.Zipfel, W. R.; Williams, R. M.; Webb, W. W. Nat. Biotechnol. 2003, 21, 

1369.2.Song and co-workers, manuscript under preparation. 
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Synthetic studies of antitumor antibiotic aminocyclopentitol natural 

products from Streptomyces pactum var. pactum 
 

TAEJUNG KIM, So Matsudaira1, Shohei Matsushita1, Young-Tae Park, Masaya Nakata1, 
Jungyeob Ham*, Yoko Saikawa1,* 

 
Natural Products Research, Korea Institute of Science and Technology, Korea 

1Department of Applied Chemistry, Keio University, Japan 

  

Pactamycin family of natural products, microbial secondary metabolites produced by Streptomyces pactum 

var. pactum, has a wide range of biological properties, including antimicrobial, antitumor, antiviral, and 

antiprotozoal activities, and affects the cell growth of all three phylogenetic domains, eukarya, bacteria, 

and archaea. They consist of a densely functionalized cyclopentitol core featuring six contiguous 

stereogenic centers, three of which are fully substituted. Also, two aromatic rings (meta-acetylphenyl and 

2-hydroxy-6-methylbenzoyl) and urea groups adorn the core structure. As part of the project directed 

toward the synthesis of cyclopentitol core 1, we designed aziridine 2, which offers a convenient five-carbon 

ring skeleton; every center of the ring can be potentially functionalized. The construction of the carbon 

framework of these natural products is started with L-threonine-derived oxazoline methyl ester 3, which 

was converted to aziridine 2 in 12 steps, including ring-closing metathesis (RCM) and stereoselective 

aziridine formation. Reproducible chemical methods enabling the synthesis of cyclopentitol core 1 

containing an octa-substituted cyclopentane have been developed. Further studies toward the total synthesis 

of pactamycin family of natural products from 1 are now in progress and the results of oxazoline ring-

opening reaction followed by construction of the urea moiety and the meta-acetylphenyl group introduction 

by Cu-catalyzed C-N bond formation reaction will be disclosed in due course. 
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Chiral Aluminum Solvating Agent (CASA) for 1H NMR Chiral 

Analysis of Alcohols at Low Temperature 
 

Sumin Jang, Kim Hyunwoo* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Chiral aluminum solvating agent (CASA) was demonstrated to be a general and efficient reagent for 1H 

NMR chiral analysis of alcohols. Sodium salt of CASA (CASA-Na) showed a complete baseline peak 

separation for various chiral alcohols including primary, secondary, and tertiary alcohols with alkyl and 

aryl substituents in CD3CN. Due to the weak intermolecular interaction, 1H NMR measurement at low (-

40 oC) to ambient temperature was required. 
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Efficient Dehydrogenation of 1,2,3,4-Tetrahydroquinolines Mediated 

by Dialkyl Azodicarboxylate 
 

Saetbyeol Bang, JINHO KIM* 

 
Department of Chemistry, Incheon National University, Korea 

  

Various dialkyl azodicarboxylates are of importance in organic synthesis due to their interesting reactivity. 

So dialkyl azodicarboxylates was investigated for the dehydrogenation of 1,2,3,4-tetrahydroquinolines to 

quinolines which are common pharmacophores in numerous pharmaceuticals and bioactive compounds. It 

was revealed that less sterically hindered diethyl azodicarboxylate showed the fastest reaction rate. Among 

solvents screened, chloroform exhibited superior results to others. A variety of 1,2,3,4-tetrahydroquinolines  

underwent the present dehydrogenation to produce the corresponding quinolines in high to excellent yields. 

Diethyl hydrazodicarboxylate which is reduced species of diethyl azodicarboxylate was easily separated 

for recycle. 
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Aerobic Oxidation of Alkyl 2-Phenylhydrazinecarboxylates Catalyzed 

by CuCl and DMAP 
 

MinHye Kim, JINHO KIM* 

 
Department of Chemistry, Incheon National University, Korea 

  

Recently, various fruitful organic reactions such as a catalytic Mitsunobu reaction were reported by virtue 

of alkyl 2-phenylazocarboxylates, however, the synthesis of alkyl 2-phenylazocarboxylates largely  

depended on the stoichiometric use of toxic oxidants. In this poster, an environment-friendly aerobic 

oxidative transformation of alkyl 2-phenylhydrazinecarboxylates to alkyl 2-phenylazocarboxylates is 

disclosed. The use of CuCl and DMAP system efficiently catalyzed the aerobic oxidation of alkyl 2-

phenylhydrazinecarboxylates under mild conditions. The reaction rate of the present Cu-catalysis was much 

faster than that of the previously reported Fe-catalysis, and a variety of azo products were synthesized 

within 3 h. The present protocol was effective on larger scale. It was observed that the produced azo 

compound could undergo nucleophilic substitutions and radical reactions without isolation through one-pot 

sequential protocols. 
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Imidazole derivatives as thermal latent curing agents for thiol-vinyl 

sulfone thermosetting resins 
 

Sang Hee Lee*, Dong Hee Kim, ghellyn gajeles 
 

Department of Chemistry, Kunsan National University, Korea 

  

Sulfone containing polymer have high Abbe’s number and high refractive index. In the polymerization  

reaction of thiol and vinyl sulfone, imidazole act as a nucleophilic catalyst. However, unmodified imidazo le 

can cure at room temperature, requiring lower temperature storage of resin formulations to prolong their 

pot-life. In this study, electron withdrawing group such as acyl or sulfonyl group introduced to imidazo le 

to decrease nucleophilicity of imidazole. Therefore, the viscocity of the monomer mixture can be controlled, 

giving enough time for homogenizing and degassing procedure. Imidazole derivatives should readily  

release active imidazole catalyst at a high temperature when attacted with a thiol monomer. In model study, 

modified imidazoles were evaluated by reaction with benzyl mercaptan and applied to polymerization of 

polythiol and divinyl sulfone. 
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Rh(I)-Catalyzed Hydroformylation of Substituted Olefins Using 

Bicyclic Bridgehead Phosphoramidite Ligands 
 

Taeil Shin, Kim Hyunwoo* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Hydroformylation is one of the powerful tools to make industrially and chemically useful aldehyde using 

Olefins as substrate and carbon monoxide and hydrogen gas in the presence of a metal catalyst. Also it is 

one way to increase one carbon in the olefin and the product aldehyde is itself valuable and can be converted 

to useful materials such as alcohol or amine via chemical conversion.1 Over the last few decades, many 

research has been reported on the hydroformylation reaction for mono- or disubstituted alkenes. On the 

other hand, the reaction of hydroformylation to high substituted olefins such as trisubstituted alkenes has 

not been reported. Because hydroformylation of trisubstituted alkene is proceeded in inefficient catalyst or 

condition. For example, high pressure and temperature need for this reaction and hard to selectivity control 

of linear and isomerization aldehyde.2,3,4 Here in, we performed rhodium catalyzed hydroformylation of 

trisubstituted alkenes by using bicyclic bridgehead phosphoramidite ligands, which is made by our group. 

Our briphos(bicyclic bridgehead phosphoramidite) ligands have an advantage of easily tunable properties 

such as elecitric and steric effects, and also show good reactivity and linear aldehyde selectivity in 

hydroformylation of trisubstituted alkenes. In the case of briphos ligands, it show much better reactivity 

and selectivity than other comercially available ligands. Among the various briphos ligands, especially, 

tBubriphos(3,5-MeOPh) ligand shows best reactivity and selectivity for the hydrofmylation of trisubstituted 

alkenes on various substrate. In addition, tBubriphos(3,5-MeOPh) ligand is resistant to functional groups 

in the substrate during this reaction. 
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Simple Synthetic Method for the Functionalized Benzo[c]cinnolines 

 

Da Seul Lee, Hakjune Rhee1,*, Eun Jin Cho* 

 
Department of Chemistry, Chung-Ang University, Korea 

1Department of Applied Chemistry, Hanyang University, Korea 

  

Functionalized benzo[c]cinnoline derivatives were synthesized from easily accessible 2,2-diamino-1, 1′-

biaryls using a nitrite source. In this simple process, various functional groups were tolerated under mild 

reaction conditions, and the practicality of the process was demonstrated through the gram-scale production 

of the benzo[c]cinnolines. 
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Selective Ring-Opening of N-Alkyl Pyrrolidines with Chloroformates 

to 4-Chlorobutyl Carbamates 
 

ChungHyeon Yu, Hyun-Joon Ha1, Eun Jin Cho2,* 

 
Department of Bionanotechnology, Hanyang University, Korea 

1Department of Chemistry, Hankuk University of Foreign Studies, Korea 
2Department of Chemistry, Chung-Ang University, Korea 

  

Our study shows that among aza-heterocycles of various ring sizes, including aziridines, azetidines, 

pyrrolidines, and piperidines, only N-alkyl pyrrolidines undergo competitive reaction pathways with  

chloroformates to yield N-dealkylated pyrrolidines and 4-chlorobutyl carbamates. The pathway taken 

depends on the substituent on the nitrogen, i.e., ring-opening with methyl and ethyl substituents and 

dealkylation with a benzyl substituent. Computational calculations support the substituent-dependent 

product formation by showing the energy difference between the transition states of both reaction pathways. 

Selective ring-opening reactions of N-methyl and N-ethyl pyrrolidine derivatives with chloroformates were 

utilized to prepare various 4-chlorobutyl carbamate derivatives as valuable 1,4-bifunctional compounds. 
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Base-Promoted Green Synthesis of 2-Aryl Quinazolines from 2-

Aminobenzylamines in Water 
 

Dongin Kim, Eun Jin Cho1,* 

 
Chung-Ang University, Korea 

1Department of Chemistry, Chung-Ang University, Korea 

  

A transition-metal free green procedure for the synthesis of a highly valuable class of heteroaromatics, 

quinazolines, was developed by using easily available 2-aminobenzylamines and α,α,α-trihalotoluenes. 

Quinazoline is one of the highly valuable classes of fused heteroaromatics that is prevalent in numerous 

bioactive natural products, alkaloids, and life-saving synthetic pharmaceuticals. A variety of 2-ary l 

quinazolines are formed smoothly in the presence of only sodium hydroxide and molecular oxygen in water 

at 100 °C. The crystallization process of the crude reaction mixture for the purification of the solid products 

avoids huge solvent consuming work-up and column chromatographic techniques, which make the overall 

process more sustainable and economical. 
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Visible-light-induced installation of oxyfluoroalkyl groups 

 

Jisu Moon, Eun Jin Cho1,* 

 
Department of chemistry, Chung-Ang University, Korea 

1Department of Chemistry, Chung-Ang University, Korea 

  

The importance of fluoroalkyl groups connected to oxygen has been highlighted owing to their remarkab le 

role in tuning various properties of organic molecules. We have developed a practical visible-light-induced  

(hetero)aryloxytetrafluoroethylation of heteroaromatics and alkenes under mild conditions. Two functional 

groups consisting of oxygen and fluoroalkyl moieties could be simultaneously installed into unactivated 

heteoaromatics and alkenes. In addition, the high diversity on both substrates and oxyfluoroalkyl reagents 

make this a useful method for late-stage modifications in the development of various functional molecules, 

including drug molecules. 
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Selective Debromination and α-Hydroxylation of α-Bromo Ketones 

Using Hantzsch ester as Photoreductants 
 

Jun Kim, Youngmin You1,*, Eun Jin Cho* 

 
Department of Chemistry, Chung-Ang University, Korea 

1Division of Chemical Advanced Materials, Ewha Womans University, Korea 

  

Two transformations initiated by photoinduced one-electron transfer to α-bromo ketones have been 

demonstrated. Hantzsch esters donate one electron to α-bromo ketones under photoirradiation, promoting 

reductive debromination. Subsequent reactions of the resulting radical species of the ketones with molecular 

oxygen and Hantzsch esters lead to α-hydroxylation or debromination, respectively. The relative dominance 

of the two pathways depends profoundly on the reaction conditions, including solvent, O2 levels, and the 

concentration of the Hantzsch esters. The synthetic protocols feature advantages because they require the 

environmentally benign sources, molecular oxygen and visible light. 
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Synthesis of Pheomelanin-like Polymer Nanoparticle 

 

Gyeongmin Oh, KYUNGTAE KANG* 

 
Department of Applied Chemistry, Kyung Hee University, Korea 

  

Pheomelanin is a sulfur-containing variant, and is reported to have many distinct properties to the normal 

form of melanin (eumelanin). Here, pheomelanin-like nanoparticles were synthesized through spontaneous 

oxidation of dopamine by NaOH in the presence of cysteine. We also synthesized its derivatives by using 

molecules containing two nucleophilic sites (reminiscent of cysteine), and compared their physicochemical 

properties. We also examined photosensitization of synthetic pheomelanin particles, and suggested their 

possibility for being applied to solar cell devices. 
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study of structure-property relationship of melanin-like polymers 

 

IN KYU KIM, KYUNGTAE KANG1,* 

 
Applied chemistry, Kyung Hee University, Korea 

1Department of Applied Chemistry, Kyung Hee University, Korea 

  

5,6-dihydroxyindole(DHI) and 5,6-dihydroxyindole-2-carboxylic acid(DHICA) are two canonical 

monomers of melanin polymers. DHICA a carboxyl group is attached to the carbon Ⅱ position of DHI. 

Synthetic DHICA eumelanin is a more efficient free-radical scavenger than DHI eumelanin, and shows 

atypical optical, paramagnetic, and aggregation properties in the solid state, which is due to the interrupted 

π-electron network in its supramolecular structure. To investigate the effect of carboxyl groups on the 

materials properties of supramolecular melanin derivatives, we chemically synthesized DHICA and its 

derivatives to examine their structural and functional characteristics. 
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Transition-metal-free synthesis of aromatic amines via the reaction of 

benzynes with isocyanates 
 

Dong wook Hwang, Haye Min Ko* 

 
Department of Bio-nanochemistry, Wonkwang University, Korea 

  

An unexpected reaction between benzynes and isocyanates to generate aromatic amines has been developed 

under transition-metal-free conditions. The in situ prepared anions formed through cleavage of the N-C 

bond in isocyanates, reacted with aryne precursors to afford various aniline derivatives in moderate to 

excellent yield and tolerated various substituents on the o-silyl aryl triflate and the isocyanate. 
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Indium-mediated reductive reactions of highly electron deficient 

nitroanilines towards two distinctive bis-pyrrole-containing arenes 
 

EUNGYUNG KIM, Byung Min Lee1, BYEONG HYO KIM* 

 
Department of Chemistry, Kwangwoon University, Korea 

1Center for Interface Materials and Chemical Engine, Korea Research Institute of Chemical Technology, 

Korea 

  

Pyrrole moiety is an important heterocyclic structure found in natural products and bioactive molecules  

including anti-inflammatants and immunosuppressants. In particular, polypyrroles (PPys) have proven their 

great potential in the fabrication of microelectronic and optoelectronic devices, including field effect 

transistors, organic light-emitting diodes (OLED), because of their good thermal and oxidative stability, 

flexibility and electrical conductivity. Most of the synthetic approach using highly electron-deficient  

anilines towards pyrroles for N-hetero cyclization encountered difficulties because of their poor reactivity. 

Consequently, their biological or electronic usefulness is barely investigated. Therefore, synthetic 

transformation of highly electron deficient nitroanilines to two distinctive bis-pyrrole-containing arenes 

was investigated in this study. Indium-mediated reductive cyclization of highly electron deficient 2,6-

disubstituted nitroanilines with 1,4-diketone to 2,6-disubstituted 4-(1H-pyrrol-1-y l)aniline followed by a 

ring annulation via Paal-Knorr reaction with another 1,4-diketone resulted in bis-pyrrole-containing 

electron-deficient arenes, in reasonable yield. 
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Overcoming the Limits in Photodynamic Therapy: Facile 

Supramolecular Method to NucleicAcid-Driven Activatable 
Nanotheranostics 

 

Joohee Hong, Juyoung Yoon* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Supramolecular chemistry provides a “bottom-up” method to fabricate nanostructures for biomedical 

applications. Hence, we report a facile strategy to directly assemble a phthalocyanine photosensitizer (PcS) 

with an anticancer drug mitoxantrone (MA) to form uniform nanostructures (PcS-MA), which not only 

display nanoscale optical properties but also have the capability of undergoing nucleic acid-responsive 

disassembly.  

The effort focused on the design of a stimuli-responsive supramolecular nanostructure, composing a PS and 

an anticancer agent. This coassembly was also designed to display nanoscale optical properties as well as 

activatable singlet oxygen (1O2) generation and chemotherapeutic abilities.  

In vivo evaluations demonstrate that PcS-MA nanostructures have a high level of accumulation in tumor 

tissues, are capable of being used for cancer imaging, and have significantly improved anticancer effect 

compared to that of PcS. This study indicates a novel strategy for overcoming the limitations of 

photodynamic cancer therapy. 
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Iridium Complexes Encapsulated in Redox-Sensitive Self-Cross-

Linked Nanogels for Efficient Photodynamic Therapy 
 

Chae Gyu Lee, Byeong-Su Kim*, Tae-Hyuk Kwon* 

 
Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

  Ir(III) complexes have attracted much attentions in bio-imaging and targeted therapies due to their 

outstanding advantages such as large Stokes shift, short incubation time, long luminescence lifetime, 

enhanced photo-stability and simple color tuning method. Furthermore, Ir(III) complexes showed 

remarkable efficiency of reactive oxygen species (ROS) generation as photosensitizers via electron (type I) 

and energy transfer (type II). Despite these great characteristics, the use of Ir(III) complexes as therapeutic 

agents has been limited because of their poor biocompatibility and water solubility. 

  Herein, we provide reduction-triggered self-cross-linked polymer based Ir(III) complexes for enhancing 

the cell viability, TIr3PSSG. We synthesized iridium complexes(TIr3) encapsulated in self-cross-linked  

hyperbranched polyglycerol nanogels(PSSG nanogels) by using the thiol-disulfide intermolecular 

exchanges. This Ir(III) complex involved nanogel was much soluble in physiological environments 

compared to the Ir(III) complex. With these formed nanoparticles, we expect enhancement of cell viability  

and photo-toxicity index for cancer cells due to better biocompatibility and enhanced permeability and 

retention (EPR) effect of nanoparticles.  

References 

1. Nam, J. S.; Kang, M. G.; Kang, J.; Park, S. Y.; Lee, S. J.; Kim, H. T.; Seo, J. K.; Kwon, O. H.; Lim, M. 

H.; Rhee, H. W.; Kwon, T. H., Endoplasmic Reticulum-Localized Iridium(III) Complexes as Efficien t  

Photodynamic Therapy Agents via Protein Modifications. J. Am. Chem. Soc. 2016, 138 (34), 10968-77.  

2. Son, S.; Shin, E.; Kim, B.-S., Redox-Degradable Biocompatible Hyperbranched Polyglycerols: Synthesis, 

Copolymerization Kinetics, Degradation, and Biocompatibility. Macromolecules 2015, 48 (3), 600-609. 
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Organocatalytic Oxidative Cyclization of Amidoximes for the Synthesis 

of 1,2,4-Oxadiazolines 
 

Vineet Soni, Jun Kim, Eun Jin Cho* 

 
Department of Chemistry, Chung-Ang University, Korea 

  

Azaheterocycles are privileged structures due to their presence in natural products, drugs and biologically  

relevant compounds. Particularly, 1,2,4-oxadiazoles are naturally occurring bioactive molecules, also 

designated as bioisosteres of amides and esters with enhanced hydrolytic and metabolic stability. More 

specifically, recent reports suggest the role of 1,2,4-oxadiazolines (4,5-dihydro-1,2,4-oxadiazo le) moiety  

in various biologically active molecules. In this regard, a new method for the synthesis of bi- and tricyclic 

fused 1,2,4-oxadiazolines has been developed. The process comprises of an oxidative cyclization of 

corresponding amidoximes in the presence of 2,4,6-tris(4-fluorophenyl)pyryliumtetrafluoroborate [T(p-

F)PPT] as the organocatalyst, and molecular oxygen as a green oxidant. Interestingly, T(p-F)PPT acts as 

electrophilic catalyst and photocatalyst, and the reaction is promoted by visible light irradiation. A 

metal/base free approach for the straightforward preparation of 1,2,4-oxadiazolines having different  

functionalities, and high atom economy with respect to the oxygen are the advantageous features of present 

work. Recent studies on the biological activity of 1,2,4-oxadiazolines offer exciting opportunities in 

exploring their applications in pharmaceuticals. 
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A New kind of Mitochondrial ATP Monitoring Rhodamine-Based 

Fluorescence Turn-on Probe 
 

Sewon Eom, Juyoung Yoon* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

A new kind of adenosine-5’-triphosphate(ATP) detecting colorimetric and fluorescence “turn-on” probe 

based on rhodamine derivatives has developed. When added 5mM ATP, the probe 1 shows distinct 

enhancement in fluorescence intensity and a color change from colorless to pink. The probe 2 also shows 

obvious color and fluorescence change with the presence of ATP.  

This kind of probe has highly specificity for ATP compared to other anions, metal ions, and other nucleoside 

polyphosphates, except ADP. The pH independent (pH (4.0 to 7.4)) spirolactam ring-opening caused 

enhanced emission and naked eye changes. Our results show that the electron withdrawing group in the 

chain decreases binding ability to ATP. The live cell image of probe 2 in Hela cells indicates that the probe 

has cell permeability and mainly locates to mitochondria. 
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Monitoring of Membrane Potential Changes in Mitochondria by a 

Aggregation-Induced Fluorescence Probe 
 

Yerin Jeong, Juyoung Yoon* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

The electrical potential of the mitochondria membrane is an important physiological parameter employed 

to monitor health states of cells. Recently, classical fluorescent dyes, which contain TMRM 

(tetramethylrhodamine methyl ester), TMRE (tetramethylrhodamine ethyl ester), Rhodamine 123 (Rh 123), 

and JC-1 cationic groups, have been developed as membrane potential indicators. However, these probes 

suffer from limitations including high cytotoxicity, low selectivity, and poor photostability. Therefore, new 

probes for monitoring changes in membrane potentials, which do not suffer from these limitations, are in 

great demand. Herein, we design the new TPP containing AIE Luminogen probe 2 that can be utilized for 

precise monitoring of membrane potential changes (Δψm2). Compared with previously described 

fluorescence membrane potential indicators, the new probe contains a triphenylphos-phonium (TPP) group 

that enables strong electrostatic interactions to occur with the mitochondrial membrane that not only lead 

to selective targeting but also to a higher sensitivity than those displayed by the commercial indicator 

Rhodamine 123. Therefore, probe 2 appears to be ideally suited for use as a biomarker for studies of the 

function of mitochondria. 
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A BODIPY-based Fluorescence Turn-On Probe for 

Electrochemiluminescent Detection and in Vivo Imaging of Hydrogen 
Peroxide 

 

Yon Namkoong, JONG-IN HONG* 

 
Department of Chemistry, Seoul National University, Korea 

  

Hydrogen peroxide (H2O2), produced through various metabolic pathways in biological systems, acts as a 

signaling molecule in general but becomes a strong oxidant at higher concentration. As one of Reactive 

Oxygen Species, H2O2 is well known for its cytotoxicity, which causes oxidative stress in cells and results 

in cellular damages. Despite the renowned importance of H2O2 in bioanalytical chemistry, a few methods 

have been developed for rapid detection of H2O2 due to its transient nature. Thus, fluorescent probes with  

fast reaction rates and high sensitivity can be powerful tools for medical diagnosis. Here we report a probe 

1 that can detect H2O2 in the right place at the right time.The probe 1 consists of three parts, a fluorophore 

(BODIPY), a linker (pyridinium), and a reaction site (boronic pinacol ester). Two pyridinium moieties at 

α-positions of BODIPY enables the probe 1 successfully target mitochondria. In presence of H2O2, the 

probe 1 exhibits rapid response with bright red fluorescence turn-on. The reaction was saturated within 20 

minutes under mild basic conditions. At physiological pH, only half an hour is required to determine H2O2. 

Moreover, electrochemiluminescence (ECL) of the probe 1 is anticipated because the BODIPY core is 

substituted with alkyl groups, minimizing instability during the ECL process. The basic condition induced 

by the coreactant TPrA provides a good environment for the probe 1.In short, the probe 1 is a promising 

chemodosimeter able to monitor H2O2 with fast response and high sensibility both in mitochondria and by 

ECL analysis. 
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Simple and selective ratiometric fluorescence probe for the detection of 
nitric oxide by an excited-state intramolecular proton transfer (ESIPT) 

 

EUNHYE LEE, Juyoung Yoon* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Gasotransmitters such as nitric oxide (NO), carbon monoxide (CO) and hydrogen sulfide (H2S) are 

endogenously produced gaseous molecules which induce unique signalling responses in cellular systems. 

Among those gasotransmitters, NO plays vital roles in various physiological processes such as 

neurotransmission, platelet aggregation and adhesion, hormone secretion, vasodilatation, and immune 

response to infections. Fluorescence probes for monitoring of nitric oxide (NO) is of great importance 

because this NO which is recognized as the first gasotransmitter plays the key roles in various physiological 

and pathological processes. Although a large number of fluorescence probes for NO have been developed 

so far, most of the ratiometric probes devised to date require a large synthetic effort. Because ratiometric 

fluorescence probes for detection of NO still remain rare but also they are based on fluorescence resonance 

energy transfer (FRET). In this study, ratiometric fluorescence probe monitoring of NO which is based on 

an excited-state intramolecular proton transfer (ESIPT) was developed. Addition of NO to this probe leads 

to formation of a benzo[c]cinnoline derivative in association with a clearly observable dual-emission  

change in the blue and yellow regions. And this selective and simple probe shows better selectivity and 

sensitivity for NO than other relevant analytes such as RNS, ROS. Also, the value of this probe is further 

demonstrated by its use in the ratiometric detection of NO in the living cells. References 1.Chen, L.; Wu, 

D.; Yoon, J*. Sensor Actuat B-Chem., 2018, 259, 347-353. 2.Chen, L.; Wu, D.*; Lim, C. S.; Kim, D.; Nam, 

S.-J.; Lee, W.; Kim, G.; Kim, H. M.*; Yoon, J*. Chem. Commun., 2017, 53, 4791-4794. 
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Electrochromic Fluorescence Switching of Oligothiophene-based Dye 

in Liquid Crystal Phase 
 

Seung Han Nam, KyeongIm Hong, Woo-Dong Jang* 

 
Department of Chemistry, Yonsei University, Korea 

  

Dyes that can change their color of emission by external stimuli are currently receiving spotlight in optical 

device. In previous works, dyes having electrochromic property required metal or redox moieties in their 

system when electrochromic change occurred. In this research, we have synthesized electrochromic 

fluorescent dyes which has tunable optical properties in organic solvents or liquid crystal. The 

oligothiophene-based dyes showed electrochromic change upon electric potential application without any 

metal frames or co-redox complexes. Owing to the hydroxyl group and nitrogen atom in the oligothiophene-

based dyes, fluorescent emission of the dyes have been greatly shifted. Dyes were mixed with liquid crystal 

such as 5CB and PCH5. 

Absorption and emission spectra of each dyes can be controlled under electrical stimulus. In the presence 

of potential, absorption and emission spectra of each dyes moved toward long wavelength region and 

changes of their emission colors. The emission changes were recovered to original emission by removing  

electric potential. We could prepare a mixture of dye that showed white emission color under electric  

potential application. Moreover, we could maintain the emission color changes by rapid cooling process. 

The details will be discussed in this symposium. 
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Turn on pH-Sensitive Fluorescent Probes and its Applications 

 

Kyeong-Im Hong, Woo-Dong Jang* 

 
Department of Chemistry, Yonsei University, Korea 

  

Generally, most of the developed fluorescent probes exhibit emission changes in a target specific manner 

with various mechanism such as photo induced electron transfer (PET), aggregation induced emission 

(AIE), and fluorescent resonance energy transfer (FRET). Excited-state intramolecular proton transfer 

(ESIPT) is recently attracting the attention of scientists because it shows a remarkably large stokes shift to 

solve the problems caused by self-absorption1-2. We have synthesized a new type of thiophene bearing 

ESIPT fluorescent probes (TEPs). The ESIPT probes clearly showed dual emission behavior in response 

to solvent polarity. Moreover, it showed pH responsive absorption and fluorescence emission changes in 

aqueous phase. Among them, dithiophene-bearing ESIPT probe (2) exhibited turn-on fluorescence 

emission as increasing pH above physiological condition. Finally, we have demonstrated response of the 

application of dithiophene-bearing ESIPT probe (2) on biological specimen. We have successfully 

visualized the mitochondrial compartment and specific bacteria owing to the higher pH. Detailed aspect of 

this system will be discussed in this symposium 
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Spirobifluorene core with napthylamine as hole transporting materials 

for red phosphorescence OLEDs 
 

BRAVEENTH RAMANASKANDA, KIHUN YANG1, Seon Guk, Gyu Youn Chea* 
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1School of Natural Science/Department of Chemistry, Wonkwang University, Korea 

  

Two novel hole transporting materials namely, HTM 1A and HTM 1B were synthesized with significant 

yields. Both the materials were exhibited stable thermal decomposition temperature at 5 % weight reduction. 

The HOMO energy level of both materials were lying between -5.54 to -5.33 eV, which were matching 

with the adjacent layers in red phosphorescence OLEDs. Both of the materials were showed absorption 

below 385 nm and there was no absorption in the visible region. HTM 1B was showed better current and 

power efficiencies of 16.16 cd/A and 11.17 lm/W, respectively. The external quantum efficiency of HTM 

1B was 13.64% which is better than NPB based similar reference device. 
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Copper-Catalyzed Borylalkynylation of Internal Alkynes: Access to 

Tetrasubstituted Enynylboronates 
 

Jungtae Han, Jaesook Yun* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

A copper-catalyzed three-component coupling reaction of internal alkynes with silylated bromoalkynes and 

diboron has been developed to provide stereochemically well-defined tetrasubstituted enynylboronates. In 

the presence of NHC–copper precatalyst, various internal alkynes furnished fully-substituted borylenynes 

in good yield and with high levels of regio- and stereoselectivity. Symmetrical and non-symmetrical 

internal alkynes with aryl-, heteroaryl- and alkyl substituents were well-tolerated. The enynylboron 

products could be further utilized in transforming the C‒B bond into various C‒C bonds by coupling 

reactions. 
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Highly Selectively Ratiometric Detection of trivalent Ions in Aqueous 

Buffered Solution by Fluorescent Probe Based on the Dipeptide 
receptor Using Aggregation-Induced Emission 

 

JOOHEE PARK, Keun Hyeung Lee* 

 
Department of Chemistry, Inha University, Korea 

  

A fluorescent probe (1) was synthesized based on the dipeptide receptor for hard metal ions using 

aggregation induced emission. 1 bearing a cyanostilbene fluorophore showed high selectivity for Al3+ and 

In3+ ions among various metal ions in purely aqueous solutions. Upon addition of increasing concentration 

of the trivalent ions, the significant enhancement of the emission at 600 and the decrease of the emission at 

530 nm were observed. 1 with high metal binding affinities (4.97 × 106 M-1 for Al3+ and 3.26 × 106 M-1 for 

In3+) showed highly sensitive ratiometric responses to Al3+ and In3+ ions in aqueous buffered solution. 

Detection limits for Al3+ and In3+ ions are 441 nM and 395 nM, respectively, which was lower than the 

maximum allowable level of Al3+ in drinking water demanded by EPA. Job's plot analysis, pH titration 

experiments, and DLS measurements revealed that 1 self-assembled in the presence of the trivalent ions 

and formed into nanoparticles, resulting in the red emissions. 
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Fluorescent probe based on tetrapeptide receptor for ratiometric 

detection of As(III) in aqueous solution 
 

Semin Oh, Keun Hyeung Lee* 

 
Department of Chemistry, Inha University, Korea 

  

A fluorescent probe (1) was synthesized based on tetrapeptide receptor for arsenic species using solid phase 

synthesis. 1 showed selective ratiometric response to As(III) among 16 tested metal ions in aqueous 

buffered solution containing metal chelating agent, pyridine-2,6-dicarboxylic acid (PDCA). 1 exhibited a 

sensitive ratiometric response to As(III) and approximately, 1 equiv of As(III) was enough for the complete 

of the ratiometric responses. The detection limit for As(III) in ground water was measured to be 2.08 ppb, 

which is lower than the maximum allowable level of As(III) (10 ppb) in drinking water by EPA. Job's plot 

analysis, pH titration, and IR measurements (DLS measurents) revealed that 1 bound irreversibly with  

As(III) and the Cys residue of the peptide receptor play a critical role for this binding. 
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Borylative Intramolecular Cyclization of Styrenes Tethered to an 

Imine 
 

DINGXI LI, Jaesook Yun* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

We have developed a copper-catalyzed borylative intramolecular cyclization method of alkenes with imines, 

leading to enantio-enriched cis-disubstituted indolines. This methodology accommodates various 

functionalized vinyl arenes with a tethered imine group including a heterocycle to yield borylated cis-

indolines up to 90% yield and 90% ee. 
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Array-based Protein Sensing using an Aggregation Induced Emission 

Light-Up Probe 
 

HUYEON CHOI, sangpil kim1, SEUNGHO LEE, Chaekyu Kim*, Ja-Hyoung Ryu* 

 
Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

1Department of Molecular Science, Ulsan National Institute of Science and Technology, Korea 

  

Protein detection and identification is important for diagnosis of diseases but the development of facile  

sensing probes still remains challenging. Herein, we present an array-based ‘turn on’ protein sensing 

platform that can detect and identify proteins using aggregation induced emission luminogens (AIEgens). 

The water-soluble AIEgens that the fluorescence are initially turned-off, showed strong fluorescence in the 

presence of nanomolar concentration of proteins via the restriction of the intramolecular rotation (RIR) of 

the AIEgens. The binding affinities between the AIEgens and proteins were associated with various 

chemical functional groups on AIEgens, resulting in the distinct fluorescent signal outcomes for each 

protein. The combining fluorescence outputs provided sufficient information to detect and discriminate 

proteins of interest by linear discriminant analysis (LDA). Furthermore, the array-based sensor could be 

used to classify different concentration of specific proteins. This study provides a new sight into the use of 

the AIEgens as a new type of sensing probe installable in an array-based system. 
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Selective, colorimetric and ratiometric detection of phosgene by 

fluorescence probe based on an ESIPT in solutions and the gas phases 
 

Yubin Yim, Juyoung Yoon1,* 

 
of Chemistry and Nano science, Ewha Womans University, Korea 

1Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Nerve agents gained infamy as chemical-warfare agents (CWA) used in wars in undeveloped countries with 

hundreds of thousands of victims. Their high toxicity is due to their strong capability of nucleophilic attack 

of the hydroxyl group of a serine residue at the active site of the enzyme on the electrophilic phosphorous, 

rendering the enzyme inoperative, and then effectively paralyzes the central nervous system.Among them, 

phosgene is so toxic that has become a serious potential threating to health safety. Exposure to phosgene 

has sever acute respiratory effects, including noncardiogenic pulmonary edema, pulmonary emphysema, 

and even death. Notably, unlike other CWAs, phosgene has a unique toxicological concern owing to the 

existence of an unpredictable asymptomatic latent phase that takes place prior to the onset of life-

threatening pulmonary edema.Since 2(2-aminophenyl)benzothiazole (ABT) generates dual sites for the 

reaction with phosgene by undergoing an ESIPT process, we have developed the new fluorescence probe 

which can detect phosgene colorimetrically and ratiometrically. The probe can represent this toxic agent 

sensed by both methods in solutions and the gas phase. The visible color change from colorless to yellow, 

as well as the fluorescence color change from blue to green can be easily observed by the naked eyes. 

Furthermore, the probe shows high sensitivity, low detection limit as low as 0.14 ppm and also selectivity 

compared to other analytes including triphosgene. These results suggest that this probe is a promising 

addition to the highly limited family of ratiometric fluorescence probes for phosgene. Investigations of 

differently substituted ABT derivatives for detecting phosgene are ongoing in our laboratory. 
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Reactions of Aryl Azides with Ruthenium Bisammine Complex: 

Formation of Ruthenium Imido and Diaryltetraazadiene Complexes 
 

Jin Yong Park, Young Ho RHEE*, Jaiwook Park Park* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

A ruthenium bisammine complex was formed in the reaction of primary amines with a ruthenium 

dibenzyltetraazadiene complex. The ruthenium bisammine complex was a convenient precursor for the 

synthesis of various Ru(II) complexes containing a sterically demanding cyclopentadienyl ligand through 

ligand exchange reactions. In addition, ruthenium diaryltetraazadiene complexes and coordinatively 

unsaturated ruthenium imido complexes were obtained in the reaction with aryl azides. The ruthenium 

complexes were used to catalyst for the reaction of alkyl azides with primary amines to give N-substituted 

imines. 
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Asymmetric Phase-Transfer-Catalyzed Synthesis of Chiral Carboxy-

Substituted 2-Isoxazolines by Cascade Oxa-Michael-Cyclization 
Reactions 

 

Heun-Jong Ha, Chang-Woo Cho* 

 
Department of Chemistry, Kyungpook National University, Korea 

  

2-Isoxazolines are an important class of heterocycles found in natural products, pharmaceuticals and 

agrochemicals displaying a variety of potent biological activities. In addition, 2-isoxazolines have been 

widely used as versatile synthons and chiral ligands in synthetic organic chemistry. For this reason, 2-

isoxazoline synthesis has attracted significant attention. In particular, the asymmetric synthesis of optically 

pure 2-isoxazolines has been a subject of active research. As an example of the importance of enantiopure 

2-isoxazolines, biological evaluation of the antiparasitic isoxazoline Bravecto (fluralaner) revealed that 

only the S enantiomer of Bravecto is active and the R enantiomer is inactive. In addition, it was reported 

that only the (S)-methiozolin displayed herbicidal activities against grass weeds. Interestingly, (R)-

methiozolin showed no herbicidal activities. Methiozolin has been commercialized as a racemic herbicide 

displaying an efficacious and toxicologically favorable activity against grass weed in turf grass. Therefore, 

owing to the environment-friendly and atom-economic importance, development of an enantioselective 

route for the efficient synthesis of (S)-methiozolin is highly desirable. Here, we report an asymmetric phase-

transfer-catalyzed cascade oxa-Michael‒cyclization reaction of various β-carboxy-substituted α,β-

unsaturated ketones with hydroxylamine that affords the desired chiral carboxy-substituted 2-isoxazolines  

in good yields with excellent enantioselectivities. 
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Research on Self-Assembled Structure of Dendritic Linear Block 

Copolymer 
 

Jung Ho Joe, Woo-Dong Jang1,* 

 
Chemistry, Yonsei University, Korea 

1Department of Chemistry, Yonsei University, Korea 

  

Well-ordered nanoscale structures can be produced from block copolymers (BCPs) having immiscib le 

through self-assembly process. In this research, we studied self-assembled structure of BCP which is 

consisted of dendrimer and linear polyoxazoline (G-b-PiPrOx). Dendrimer block contains hydrophobic 

long alkyl chain and linear poly (2-isopropyl-2-oxazoline) block contain an amphiphilic oxazoline 

monomer. To study these structures, Atomic Force Microscopy (AFM) and Small-Wide Angle X-ray  

Scattering (SWAXS) was used. Self-assembled G-b-PiPrOx in bulk state built up different structure 

depending on temperature. In AFM thin film data, G-b-PiPrOx showed nanofiber shapes above its glass 

transition temperature (Tg). The molecular weight of each polymer block also affected the size of the self-

assembled structure. By increasing molecular weight of each block, the diameter of nanofibers was 

increased. In SWAXS data, the d-spacing of self-assembled G-b-PiPrOx was affected by not only 

molecular weight but also molecular shape. The diameter of nanofiber was more influenced by the sized of 

dendrimer block, because of the high density of the dendrimer end group. 
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CD-response of achiral bisporphyrin derivative through 

supramolecular self-assembly 
 

Hosoowi Lee, Woo-Dong Jang* 
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Recently, the control of supramolecular polymerization process has attracted attention to many researchers. 

We designed bisporphyrin derivative (C2-(A)-TPP), which composed of two zinc porphyrin units bridged 

by amide groups and diacetylene moiety with long alkyl side chains. C2-(A)-TPP exhibited distinct 

transition of aggregation mode upon the condition of self-assembly process. When the C2-(A)-TPP was 

dissolved in hot methylcyclohexane (MCH), above 368 K, the bisporphyrin exhibited sharp absorption 

band, indicating molecularly dissolved monomeric state. Upon the cooling of the hot solution, C2-(A)-TPP  

was formed J-aggregates (Jagg) or H-aggregates (Hagg) and we can control the aggregation mode at 293 

K through changing the cooling rate of the hot solution. After fast cooling process,C2-(A)-TPP exhibits  

Jagg mode which is clearly represented in UV/Vis absorption spectra. Meanwhile, when the hot solution 

cooled slowly, absorption band was blue-shifted, indicating Hagg of porphyrin. The kinetic product, Jagg, 

was transformed to thermodynamic stable Hagg upon mechanical agitations, such as shaking, stirring, or 

sonication. The transformation from Jagg to Hagg was monitored through change of absorption spectra 

upon stirring and the each state was visualized by AFM: Jagg was obtained as nanoparticles and Hagg was 

shown as nanofiber, The freshly transformed Hagg from Jagg was CD-silent, but surprisingly after a period 

of time, the aged Hagg exhibit optical activity in CD measurement. A further study to find out the origin of 

unexpected CD-signal from achiral bisporphryin assembly is still in progress. 
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Negative Cooperative Binding Control of Ion Pairs in Porphyrin-based 

Receptor 
 

Jeong Heon Lee, Woo-Dong Jang1,* 

 
Yonsei University, Korea 
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In this research, porphyrin-based receptors, containing tetra and penta ethylene glycol chain and triazole 

groups (4EG-PZn, 5EG-PZn), have designed for halide and alkali metal ion recognition. To confirm ion 

recognitions, UV-Vis absorption spectra were monitored. These molecules showed different binding 

affinities to various ions according to the variation of solvent systems. In THF solvent, 4EG-PZn and 5EG-

PZn exhibited red-shifted absorption spectra when they were treated with excess TBAX(X=F, Cl, Br). 

However, when the same procedure was performed in 10% ACN/CHCl3, there was no appreciable spectral 

change. For alkali metal ion recognition, the two molecules were treated with LiPF6, NaBPh4, and KBPh4. 

Both molecules showed no change on absorption spectra in THF. In contrast, 4EG-PZn’s absorption spectra 

were red shifted when excess LiPF6 was added in 10% ACN/CHCl3 system; no spectral change was 

observed for adding NaBPh4, and KBPh4. 5EG-PZn showed similar spectral change in 10% ACN/CHCl3  

system with LiPF6 addition, but its absorption spectra were also changed by addition of NaBPh4, and KBPh4. 

This result means that 4EG-PZn has selectivity of lithium ion because of smaller binding site than 5EG-

PZn. A rough liquid-liquid extraction of lithium ion was performed in H2O/CHCl3 system. Both 4EG-PZn  

and 5EG-PZn captured lithium ion successfully, and showed visible color change of CHCl3 layer. 

Comparing with other ion receptors, these porphyrins have the advantage that color changes upon ion 

binding were easily observed with naked eyes, which has potential for industrial applications for Li+ ion 

extraction in seawater. 
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Development of new steroid-based amphiphiles for membrane protein 

study 
 

EHSAN MUHAMMAD, Pil Seok Chae1,* 
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Membrane proteins are key components in cell membranes and play key roles in fundamental cellular 

processes such as metabolism, signalling, and ion transport. Structural information on membrane proteins 

is essential for designing new drugs, but is limited mainly due to their incompatibility with an aqueous 

environment. Detergents, amphipathic molecules, serve as indispensable tools for membrane protein 

solubility and stability, a prerequisite for downstream characterizations. However, membrane proteins in a 

conventional detergent tend to aggregate with time. To resolve an issue associated with membrane proteins 

stability, we developed steroidal amphiphiles with a penta-saccharide head group, designated as steroid-

based penta-saccharides amphiphiles (SPSs). When these agents were evaluated for their ability to stabilize 

a diverse range of membrane proteins, some SPSs conferred marked stability to membrane proteins tested 

here compared to a conventional detergent. 
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A Cy7-Based Ratiometric Fluorescent Probe Targeting for 

Mitochondrial Nitroreductase 
 

WON JOO LEE, seokan Park, Hae-Jo Kim* 

 
Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

Background: Hypoxia can cause an increase in reductive stress so nitroreductase (NTR) can be 

overexpressed in hypoxic tumors. Therefore, the detection of hypoxia and NTR is a feasible tool for the 

diagnosis of tumor cells and warrants robust detection for a biological study.1,2 Materials and Method: 

Chemical probes were prepared according to the standard method in the lab and NTR enzyme together with 

NADH was purchased from the chemical suppliers.Result: A heptamethinylcyanine (Cy7) based dual 

optical probes were developed for detection of nitroreductase (NTR). Upon addition of NTR in the presence 

of NADH, the probe exhibited dramatic optical changes with strong fluorescence (F/F0 = 3.4, λem 747 nm) 

as well as intense blue color (λabs 620 nm) by the nitro-to-amine functional group transformation and 

displayed a limit of detection (LOD = 36.9 ng/mL) of NTR in PBS buffer. Further application to 

endogenous cellular NTR was successfully applied in HeLa cells, showing that the probe was clearly  

localized in a mitochondrial region.Conclusion: Latent chromogenic and fluorogenic probe was 

successfully applied for the detection of mitochondrial NTR in vivo as well as in vitro.References1. Xu, 

K.; Wang, F.; Pan, X.; Liu, R.; Ma, J.; Kong, F.; Tang, B. Chem. Commun., 2013, 49, 2554.2. Li, Y.; Sun, 

Y.; Li, J.; Su, Q.; Yuan, W.; Dai, Y.; Han, C.; Wang, Q.; Feng, W.; Li, F. J. Am. Chem. Soc., 2015, 137, 

6407 
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Deep UV Raman Spectra of Chemical Agent Simulant by using 248 nm 

Laser in Open Fields 
 

JUN OH LEE*, young-jin koh 

 
Agency for Defense Development, Korea 

  

Raman spectroscopy is a promising technique for detection applications due to the fact that it is noncontact, 

requires small amount of sample, and exhibits a high degree of molecular specificity. Because it is easy to 

measure the Raman spectra, Raman spectroscopy by using Deep-ultraviolet (UV) has drawn a great deal of 

attention chemical detection area, which would contribute the development of NBC detection system. For 

example, a Raman Agent Monitoring System (RAMS) was developed to provide stand-off detection using 

248 nm laser to chemical detection with noncontact method. We carried out the detection performance test 

for MES, a chemical agent simulant with the RAMS equipment on the concrete road. MES was sprayed 

concrete road over a distance of about 100 m, and military vehicle equipped the RAMS was detecting while 

driving at 40 km/h on the road. Because it is the demonstration, we did not consider the sprayed 

concentration of MES. 
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Development of an Efficient Synthetic Route for Quinoline Derivatives 

via Palladium-Catalyzed Cross-coupling 
 

Jooyeon Yoon, Cheol-Hong Cheon* 

 
Department of Chemistry, Korea University, Korea 

  

Quinoline and their derivatives are widely found in natural products and pharmaceuticals. Among them, 2-

substituted quinolones are particularly important since there are associated with a wide range of biological 

activities including antimalarial and antitumor activities, as well as being used as a key building block in 

materials science. Even though numerous methods for the construction of the quinoline ring system have 

been reported, most of the traditional methods suffered from the harsh reaction conditions, environmental 

unfriendliness and poor functional group tolerance.Herein, we report efficient synthetic method of 2-

substituted quinolines from 2-bromoaniline derivatives and β-chloroketones in the presence of palladium 

catalyst. Pd-catalyzed Heck reaction of in situ generated enone by dehydrochlorination and 2-bromoaniline 

could give 2-aminostyryl ketones intermediate. Subsequently, the cyclization of 2-aminostyryl ketones with 

palladium catalyst provided 2-substituted quinoline derivatives. This palladium catalyzed cascade reaction 

provides a convenient method for the synthesis of 2-substituted quinolones without any separation of 

intermediates. 
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Synthetic Studies toward 2-Substituted Quinolines from 2-Aminostyryl 

Ketones Using Iodide as a Catalyst and Its Application to On-water 
Synthesis 

 

So Young Lee, JIYE JEON, Cheol-Hong Cheon* 

 
Department of Chemistry, Korea University, Korea 

  

Quinolines are common building blocks found in biologically and pharmacologically active compounds. 

Particularly, 2-substituted quinolines are of importance since they display interesting biological activities 

and been utilized as key building blocks in materials science. One of the conventional methods for the 

synthesis of 2-arylquinolines involves the intramolecular cyclization of (E)-2-aminochalcones. However, 

this method generally requires additional steps to convert (E)-alkene into (Z)-isomer via either 

photoisomerisation or the use of a stoichiometric amount of chemical reagents, such as iodine and selenium, 

in the presence of a base.We hypothesized that 2-arylquinolines could be prepared from 2-aminochalcones  

in the presence of iodide as a nucleophilic catalyst. Conjugate addition of iodide to 2-aminochalcones would 

lead to β-iodoketones, which undergo intramolecular imine formation affording dihydroquinoline 

intermediates. Following elimination of iodide provided the desired 2-arylquinolines. Based on this 

hypothesis, we developed a novel method for 2-arylquinolines starting from 2-aminochalcones in the 

presence of a catalytic amount of Iodide.Furthermore, we could expand this reaction in water as a reaction 

media. Since water is the unique the cheapest abundant solvent available from nature, non-toxic to the 

environment, easy product isolation by simple phase separation, the development of novel on-water 

reaction has received considerable attentions from the chemical society. Thus, we further extended this 

protocol for the on-water synthesis of quinolines from 2-aminostyryl ketones. By using water-insoluble 

properties of 2-aminochalcone and 2-arylquinoline, the quinoline products could be easily isolated from 

the reaction mixture. 
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Development of General Synthetic Route of Phenanthroindolizidine 
Alkaloids via Iterative Suzuki-Miyaura Coupling by Three-Column 

Operations 
 

Young-In Jo, Cheol-Hong Cheon* 
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Since the phenanthroindolizidine alkaloids display various interesting biological activities, these alkaloids  

have received increasing attention in past decades. As a result, numerous synthetic pathways to access these 

natural products have been developed. However, most of the approaches have focused on the synthesis of 

each specific target molecule through an independent synthetic pathway. Furthermore, the previous 

syntheses generally required relatively lengthy synthetic sequences. For this reason, it is important to 

develop a efficient and general synthetic pathway toward phenanthroindolizidine alkaloids. To address this 

problem, we attempted to develop general synthetic routes for several phenanthroindolizidine alkaloids 

from readily available starting materials.Recently, our research group developed a highly efficient method 

for the preparation of 3-brormo-4-alkoxyphenyl boronic acid N-methyliminodiacetic acid (MIDA) ester, 

and synthesized meta-terphenyl natural products using the resulting MIDA boronates as key building blocks 

in iterative Suzuki-Miyaura reaction.1 Based on this result, we further attempted to develop the total 

syntheses of phenanthroindolizidine alkaloids via iterative Suzuki-Miyaura reaction using MIDA boronates 

as key building blocks. This approach allowed us to finish the total synthesis of these natural products in 

only three column operations.Reference1. Lee, C.-Y.; Cheon, C.-H. Adv. Synth. Catal. 2017, 359, 3831. 
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Enantioselective Synthesis of 2-Substituted Tetrahydroquinoline via 

Bifunctional Chiral Phosphoric Acid-catalyzed Cascade Reaction of 2-
Aminostyryl ketones 

 

Do Young Park, So Young Lee, Jiye Jeon, Cheol-Hong Cheon* 

 
Department of Chemistry, Korea University, Korea 

  

The development of novel methods for the synthesis of optically active compounds through combining  

more than two catalytic transformations in one pot has received a considerable attention. However, there 

have been always problems associated with compatibility between the each catalytic system. Alternatively, 

if cascade reactions were developed with a single catalyst utilizing its mechanically distinct activations, the 

efficiency of these transformations could be considerably improved since this approach could eliminate the 

compatibility issues between different catalytic systems. Despite this apparent advantages of a cascade 

reaction with a single catalyst, there have been very limited number of examples reported in the literature 

and further studies are needed on organo-bifunctional catalyst. Herein, we describe the development of a 

novel protocol for the synthesis of chiral tetrahydroquinolines from 2-aminostyryl ketones using the 

bifunctionality of a chiral phosphoric acid as a cascade catalyst. 2-Aminostyryl ketones could be converted 

to the corresponding quinolines using the Lewis basic nature of chiral phosphoric acid and the resulting 

quinolines could be further reduced to the tetrahydroquinolines with Hantzsch ester based on the Brønsted 

acid nature of chiral phosphoric acid. Various 2-aminostyryl ketones could be applicable to this catalytic 

cascade system and the desired tetrahydroduqinolines were obtained in excellent yields and 

enantioselectivities. 
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Synthesis of Benzo[a]carbazole Derivatives via imino-Stetter reaction 

 

Jiye Jeon, Cheol-Hong Cheon* 
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Benzo[a]carbazole has received considerable attentions from the chemical society due to their interesting 

biological and pharmacological activities. For example, they have been known to be used as drug precursors 

with anticanceral and antibacterial activities. In addition, they exhibit estrogen receptor binding affinities . 

Furthermore, they have been utilized in the field of materials science, such as organic light-emitting diodes 

and dye-sensitized solar cell. Thus, many methods for synthesis of benzo[a]carbazole have been developed 

so far. However, considering the importance of these compounds, the development of new synthetic method 

is still needed. Herein we will describe the new protocol to access these scaffolds using imino-Stetter 

reaction as the key step. We recently developed efficient method for the synthesis of 2-substituted indole-

3-acetic acid derivatives from aldimines derived from 2-aminocinnamic acid derivatives and aldehydes via 

intramolecular imino-Stetter reaction using cyanide as the catalyst.1 We envisioned that 2-arylindole 

derivatives bearing a β-ketone moiety at the 3-position could be obtained via imino-Stetter reaction from 

aldimines derived from 2-aminochalcone derivatives and aldehydes. Subsequent intramolecular Friedel-

Crafts reaction under acidic conditions would furnish benzo[a]carbazole scaffolds. In this poster 

presentation, we will disclose our new approach for synthesis the benzo[a]carbazoles. Furthermore, 

limitation and solutions of our protocol will be also discussed.References1. (a) Lee, S. J.; Seo, H.-A.; Cheon, 

C.-H. Adv. Synth. Catal. 2016, 358, 1566. (b) Seo, H.-A.; Cheon, C.-H. J. Org. Chem. 2016, 81, 7917. 
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Total Synthesis of Goniomitine via Intramolecular Imino-Stetter 

Reaction 
 

Eunjoon Park, Sungjun SHIM, Cheol-Hong Cheon* 
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Goniomitine, isolated from the root bark of Gonioma Malagasy, has significant biological activity such as 

antiproliferative activity in several tumor cell lines. In addition to its biological activity, the unique structure 

of this natural product, which is aminal-containing tetracyclic core, is differentiated from other 

Aspidosperma alkaloids. This critical biological activity, coupled with the intriguing structure of the 

goniomitine, sparked interest within the synthetic community. Although there have been six reported total 

syntheses of (±)-goniomitine, as well as five asymmetric total syntheses, we still felt that the development 

of more efficient synthesis methods for this natural product to further evaluate its biological 

activity.Recently, our group developed a new method for the synthesis of 2-substituted indole-3-acetic acid 

derivatives from aldimines derived from 2-aminocinnamic acid derivatives and aldehydes via cyanide-

catalyzed intramolecular imino-Stetter reaction.[1,2] With this result in hand, all carbon skeletons of the 

target natural product could be introduced in the first imino-Stetter reaction of aldmine derived from 2-

aminocinnamic acid derivative and α,β-unsaturated ketones. The desired natural product can be synthesized 

by appropriate transformation of the resulting indole product leading to the completion of the total synthesis 

in very short steps. In this poster presentation, we will describe our endeavors toward 

goniometine.Reference[1] Cheon, C.-H. et al. Adv. Synth. Catal. 2016, 358, 1566.[2] Cheon, C.-H. et al. J. 

Org. Chem. 2016, 81, 7917. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-424 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
A Simple Synthetic Strategy of Corynanthe Family via Intramolecular 

Imino-Stetter reaction and Pyridinium ring Functionalizing 
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Among the indoloquinolizine scaffolds, the monoterpene indole alkaloid, Corynanthe covers a structure of 

many natural products. These natural products are very valuable because they have various pharmacological 

activities. One of the most common methods to access this core indoloquinolizine structure is the Pictet-

Spengler reaction of imines derived from tryptamine and aldehydes. Another one is the Bischler-

Napieralski reaction of 3-piperidioneindole derived from tryptamine and furancarboxylic acid. However, 

these methods generally require additional steps to generate another six-membered ring and toxic metals  

for coupling reactions. Recently, our group reported the synthesis of indole-3-acetic acid derivatives 

bearing a pyridyl moiety at the 2-position from aldimines obtained from 2-aminocinnnamic acid derivatives 

and various pyridinecarbaldehydes via cyanide-catalyzed intramolecular imino-Stetter reaction.1 

Subsequent reduction of the carboxylic acid moiety to an alcohol followed by cyclization to provide 

tetrahydro-indoloquinolizines. In this poster presentation, we disclose our efforts for the functionalization  

of the pyridinium ring with a nucleophile, to make the structure of Corynanthe. The advantage of this 

strategy is that this could be a general synthetic protocol toward Corynanthe family.Reference1. Park, E;  

Cheon, C.-H. Org. Biomol. Chem. 2017, 15, 10265 
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N,O,S-arylation of aromatic heterocycles by microwave-assisted 

transition metal catalyst 
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N,O,S-Aryl, or alkylated heterocyclic compounds are present in many potential pharmaceutically active 

substances and industrially useful organic material. The general preparation of those compounds usually 

used Ullmann type reaction with equivalent of Cu. Recently microwave transition metal catalysted reactions 

have grown useful tool for formation to N,O,S-Aryled heterocycles with phenol, thiophenol or aniline 

derivatives. In this work, We examined the catalytic hetero-arylated reaction conditions for the preparation 

pharmaceutical active substrate 
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Synthesis of Dihaloketones through decarboxylative coupling reaction 

of Alkynoic Acids 
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1Chonnam National University, Korea 

  

Dichloroketone can be transformed for the synthesis of biologically active heterocyclic compounds and 

good building block candidate. Classical methods using chlorinating reagents such as Cl2, sulfuryl chloride, 

ammonium salt of tetrachloridoiodate, SiCl4/PhIO and CuCl2 required high temperature or harsh condition. 

Trichloroisocyanuric acid (TCCA) is known as chlorination reagent, inexpensive and stable.As a much 

more efficient and convenient method, we developed the synthesis of dichloroketone by using the 

sequential reactions of coupling and chlorination. Arylbromide and propiolic acid were allowed to react in 

the presence of 5 mol% Pd(PPh3)2Cl2, 10 mol% dppb and 2.0 equivalent of DBU. The mixture was allowed  

to react with TCCA in CH3CN-H2O. The reactions with diarylalkyne and TCCA afforded the desired α,α-

dichloroketones in moderate to good yields. In addition, they all were obtained from the sequential reaction 

of decarboxylative coupling and chlorination. This chlorination was conducted at room temperature and 

showed good tolerance toward functional groups such as chloride, bromide, aldehyde and ketone. 
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Pd-catalyzed decarboxylative coupling reaction of alkenyl tosylate 

 

subeen yu, JEONGAH LIM, Jieun Lee, Sunwoo Lee* 

 
Department of Chemistry, Chonnam National University, Korea 

  

Department of Chemistry, Chonnam National University, Gwangju, 61186, Republic of Korea. E-mail: 

sunwoo@chonnam.ac.krConjugated enynes have been not only found in the electro- and optical materials  

natural compounds, and pharmaceuticals but also employed as useful synthetic building blocks due to the 

fact that they can be diversely transformed into the important moieties. Among them, conjugated enynones 

have been attracted attention in the synthesis of bioactive agents and used as starting materials for the 

preparation of useful organic molecules such as allene, cyclooctatetraene, pyrrolizine, chromene, fused ring 

and polycyclic compounds. Herein we report the decarboxylative coupling reaction of alkynyl carboxylic 

acid and 3-oxoalkenyl tosylates. A variety of alkynyl carboxylic acids were coupled with 3-

oxocyclohexenyl tosylates to provide the corresponding enynones in good to excellent yields. Alkenyl 

tosylate is readily prepared, stable and cost efficient. This catalytic system is phosphine free and showed 

good tolerance toward functional groups such as chloride, cyano, nitro, ester, aldehyde and alcohol. In 

addition, it was found that phenylpropiolic acid showed higher reactivity in the reaction with alkenyl 

toslyate than phenyl acetylene. 
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Metal-Free Decarboxylative Trichlorination of Alkynyl Carboxylic 

Acids: Synthesis of Trichloromethyl Ketones 
 

Aravindan Jayaraman, Han-Sung Kim, Jaerim Park, Sunwoo Lee* 

 
Department of Chemistry, Chonnam National University, Korea 

  

Aravindan Jayaraman，Han-Sung Kim, Jaerim Park and Sunwoo Lee*Department of Chemistry , 

Chonnam National University, Gwangju 61186, Republic of KoreaEmail: sunwoo@chonnam.ac.kr2,2,2-

Trichloroacetophenone derivatives were synthesized via decarboxylative trichlorination from arylpropiolic 

acids and trichloroisocyanuricacid (TCCA). The reaction was performed in the presence of water at room 

temperature, and the desired products were obtained in good yields. The reaction showed good functional 

group tolerance towards halide, cyano, nitro, ketone, ester and aldehyde groups. In addition, the 2,2,2-

trichloroacetophenone derivatives were readily transformed into esters, amides, and hydrazides. Based on 

experiments with H218O (water18O), we proposed a cationic reaction pathway as the mechanism and 

suggested two different pathways for producing aryl- and alkyl-substituted propiolic 

acids.AcknowledgmentsThis research was supported by the National Research Foundation of Korea (NRF) 

grant funded by the Korea government (MSIP) (NRF-2015R1A4A1041036, NRF-2017R1A2B2002929). 
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Stereoselective synthesis of highly functionalized 1,3-disubstituted 

isoindolines via Rh(III)-catalyzed tandem oxidative olefination-
cyclization of cyclic 4-aryl-sulfamidate-5-carboxylates 

 

Raghavendra Achary, Hyeon Kyu Lee* 

 
Korea Chemical Bank, Korea Research Institute of Chemical Technology, Korea 

  

A rhodium catalyzed ortho C-H activation/cyclization of enantiomerically enriched cyclic sulfamidates 

with activated alkenes for direct and highly efficient synthesis of trans-1,3-substituted isoindolines were 

described. With cyclic sulfamidate being a directing group (DG), the reaction proceeds through a tandem 

C-H activation and subsequent aza-Michael addition to deliver trans-1,3-disubstituted isoindolines 

exclusively with excellent enatio- and diastereoselectivity. In addition, high yield, broad range of substrate 

scope, and functional group tolerance make this process of great practicality. The mechanistic studies 

indicated that the catalytic cleavage of ortho C-H bond is not likely to be the rate determining step (KIE = 

1.2). The utility of this methodology and the advantage of easily transformable cyclic sulfamidate group 

has been highlighted by the synthesis of 1,3-disubstituted isoindolines. 
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Shape-Persistent Macrocycles from Foldable Open-Chains: Design, 
Synthesis, and Stimulated 2-D Ordering at Liquid-Solid Interfaces 

 

Soobin Kim, Dongwhan Lee* 

 
Division of Chemistry, Seoul National University, Korea 

  

Molecular self-assembly at surfaces offers an efficient route to construct well-ordered 2-D nanostructures. 

Using crescent-shaped bis(triazolo)benzene as a key structural component, we have designed and prepared 

π-conjugated open-chain molecules. A last-stage C-C cross-coupling of these zig-zag shaped precursors 

cleanly produced shape-persistent macrocycles. Scanning tunneling microscopy (STM) analysis on these 

molecules revealed the formation of highly-ordered 2-D structures at liquid-solid interfaces. Depending on 

the conformational flexibility of the molecular backbone and the chemical structure of the peripheral groups, 

different types of 2-D lattices were observed. Intriguingly, we found that perturbation by the STM tip or 

the addition of co-solutes profoundly impacted the kinetics of self-assembly and surface patterning. These 

results highlight the importance of non-covalent interactions in the synthesis and assembly of shape-

adaptive vs shape-persistent molecules. 
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Pyrimidine-based polymer with thiazolo[5,4-b]pyridine for organic 

solar cells 
 

Ju-ae Kim, Hongsuk Suh1,* 

 
Pusan National University, Korea 

1Department of Chemistry, Pusan National University, Korea 

  

Conjugated polymers with 2-{3-[4,6-bis-(4-hexyl-thiophen-2-yl)-pyrimidin-2-y l]-phenyl}-thiazolo[ 5, 4-

b]pyridine (mPTP) were synthesized by Stille polymerization for organic solar cells. Synthesized polymers, 

mPTPBDT-EH, mPTPBDTT-EH and mPTPTTI, contained benzo[1,2-b;3,4-b’]dithiophene (BDT) or 4,8-

bis(5-thiophen-2-yl)benzo[1,2-b:4,5-b']dithiophene (BDTT) or 6-(2-thienyl)-4H-thieno[3,2-b]indole (TTI) 

as electron pushing group and mPTP as electron pulling group. The device comprising mPTPBDT- EH 

showed a VOC of 0.56 V, a JSC of 2.64 mA/cm2, and a FF of 0.30, giving a PCE of 0.44%. The device 

comprising mPTPBDTT-EH showed a VOC of 0.44 V, a JSC of 2.45 mA/cm2, and a FF of 0.29, giving a 

PCE of 0.31%. The device comprising mPTPTTI showed a VOC of 0.72 V, a JSC of 4.95 mA/cm2, and a 

FF of 0.32, giving a PCE of 1.15%. 
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Organocatalytic asymmetric Michael additions of ketones to α,β-

unsaturated nitro compounds 
 

jae ho shim, Deok-Chan Ha* 

 
Department of Chemistry, Korea University, Korea 

  

The organic catalyst (R,R)-1,2-diphenylethylenediamine derivatives were developed as a chiral 

bifunctional organocatalysts and successfully applied to asymmetric Michael additions of ketone to α,β-

unsaturated nitro compounds (up to 80% yield, 98% ee) under neutral condition. Systematic investigations 

on the catalytic mechanism revealed that the role of the thiourea moiety and the amine-moiety in catalysts 

might be reversed with respect to Brønsted/Lewis acidic or basic functionalities, depending on the reaction 

conditions. Generally, thiourea catalysts in neutral condition give high chemical yields and 

enantioselectivities. 
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Stimuli-responsive azobenzene nanofibers with aggregation-induced 

emission enhancement characteristics 
 

Mina Han*, Sung June Cho1, Yasuo Norikane2, Takahiro Seki3 

 
Department of Chemical Education, Kongju National University, Korea 

1Department of Applied Chemical Engineering, Chonnam National University, Korea 
2Electronics and Photonics Research Institute, National Institute of Advanced Industrial Science and 

Technology (AIST), Japan 
3Department of Molecular Design & Engineering, Nagoya University, Japan 

  

We report red fluorescent nanofibers generated via the self-assembly of new AIEE-active azobenzene 

chromophores. The combination of our spectroscopic results, DFT calculations, and the Rietveld 

refinement of the XRD data for the crystalline structures reveals that the partially increased planarization 

and inclined arrangements of the chromophores are responsible for the red shift in the absorption bands and 

for the increase in the fluorescence efficiency. The enhanced red fluorescence of the fibrous structures can 

be switched off by pressing, rubbing, or annealing. Our findings may be applicable to the development of 

stimuli-responsive luminescent materials thatrange from optoelectronic devices and sensors to fluorescent 

polarizers combined with unidirectional molecular arrangements in polymeric objects. 
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Chemo-responsive poly(2-isopropyl-2-oxazoline) having phenylboronic 

acid 
 

Ji Young Lee, Woo-Dong Jang1,* 

 
Yonsei University, Korea 

1Department of Chemistry, Yonsei University, Korea 

  

Boronic acid has been researched a lot because of its ability of sensing sugars. In this research, 

phenylboronic acid moieties were introduced to both ends of 2-isopropyl-2-oxazoline to make chemo, 

thermo-responsive polymer (PBA-POx). To observe the thermo-responsive property of the polymer, the 

cloud point temperature (TCP) was measured by the transmittance change using UV-Vis spectroscopy. The 

binding affinity and reaction time of this polymer was altered by types of sugars and presence of pinacol 

protection. PBA-POx showed TCP change after addition of sugars. Among various saccharides, PBA-POx 

showed the largest TCP change (4 oC) with shortest reaction time (3 h) by addition of fructose, indicating 

that fructose has the strongest binding affinity with the polymer. Phenylboronic acid pinacol ester-

conjugated POx (PBAE-POx) also showed the same results with PBA-POx. However, its reaction time 

was extremely shorter than PBA-POx. TCP of PBAE-POx was increased to 6 oC immediately when fructose 

was added. This result means that PBA-POx has stronger binding affinity with fructose by forming cyclic 

boronate ester. Also, protecting groups can help reduce reaction time and bind strongly with sugars. 
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Prostate Tumor Imaging by Monoamine Oxidase Targeting Two 

Photon Agent 
 

Hayeon Lim, Jongseung Kim* 

 
Department of Chemistry, Korea University, Korea 

  

A MAO-A enzyme which mediates hypoxia through an elevation of ROS enhancing tumor growth is 

overexpressed in prostate cancer cells. With the aim of selective imaging of prostate cancer cells, we have 

designed the probe PTTP-1 which is consists of a MAO-A inhibitor as a prostate cancer-targeting moiety  

and a rhodamine derivative as a two-photon fluorophore having a mitochondria-targeting ability. And we 

have evaluated its optical properties, selectivity for prostate cancer cells, inhibition ability of MAO-A, and 

mitochondrial localization. PTTP-1 showed a specificity for prostate cancer cell lines (LNCaP and PC3) 

which overexpress the MAO-A over normal cells and an accumulation in the mitochondria which could be 

detected by a confocal microscopy. Also it has an ability to suppress the cancer cell growth by inhibition 

of MAO-A activities. From these results, we have proved that PTTP-1 has a remarkable selectivity towards 

prostate cancer cells. Therefore, it can be used as a selective bioimaging agent for prostate cancer cells. 
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Preparation of 3D-water repellent materials for development of highly 

Emulsifying property non-F-containing water repellent agents for 
textiles 

 

Seung Eun Lee, Seung Hwan An, Seonmi Lee, Jin Wook Han*, Chang Ho Oh* 

 
Department of Chemistry, Hanyang University, Korea 

  

Eco-friendly urethane-based non-F-containing water repellent agents in order to replace F-containing water 

repellent agents are attracting a lot of interest and many researches have been developed recently.In 

previous our studies, superhydrophobic type and improved durability type.On our continuing research on 

synthesis of 3D-water repellent meterial. An Urethane-based non-F-containing water repellent agent having 

two PEG moiety was prepared to test fish-toxicity. In order to improve emulsifying property were also 

prepared two water repellent agents using new STO-OH, STS-OH derivatives containing Tween-85 and 

Tween-65 in NEP in the presence in Ti catalyst. 
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Kinetic Resolution of Aldols via Enantioselective Dehydration Using a 

Cation-Binding Catalyst 
 

InSoo Hwang, choong eui song* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

A practical and highly enantioselective non-enzymatic kinetic resolution of racemic aldols through 

enantioselective dehydration process was developed using a cation-binding Song’s oligoEG catalyst and 

using KF as the base. A wide range of racemic aldols were resolved with extremely high selectivity factors 

(s = up to 1,535) under mild reaction conditions. This protocol is easily scalable and provides an alternative 

approach for the syntheses of diverse biologically and pharmaceutically relevant chiral aldols in 

enantiomerically pure form. The extremely high selectivity factors achieved can be ascribed to systematic 

cooperative hydrogen-bonding catalysis in a densely confined chiral space, which mimics the action of 

enzymes. 
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Triazoliptycenylation To Stack (or Not To Stack) 

 

Taewon Kang, Hongsik Kim, Dongwhan Lee* 

 
Division of Chemistry, Seoul National University, Korea 

  

For practical applications, molecular light-emitters should operate in solid-state device settings. Strong 

interchromophore interactions between closely stacked molecules, however, often perturb their intrinsic 

photophysics. To control three-dimensional molecular packing in the solid state, we have devised a 

propeller-shaped triazole derivative. Through efficient C-N cross-coupling reactions, this triazoliptycene 

motif could readily be installed on a wide range of halo(hetero)arenes to furnish fluorescent three-

dimensional scaffolds. With multiple “de-stackers” supporting a rigid π-conjugated core, these molecules  

find the best compromise of π-π stacking and C-H…π interactions, but leave a void space when neither can 

be satisfied at intermolecular contacts in the solid-state. With appropriate structure design, unobstructed 

channels are thus created across the crystal lattice as potential sites for guest recognition and sequestration. 

In this presentation will be discussed key design principles and practical implementations of the new 

iptycene chemistry that we are currently exploring. 
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Development of novel fluorescent chemosensor for progesterone based 

on dansyl library 
 

Seong Cheol Hong, Md Mamunul Haque1, Jun-Seok Lee1,* 
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1Molecular Recognition Research Center, Korea Institute of Science and Technology, Korea 

  

Fluorescent organic dyes have been widely used for biological chemosensor. There are two types of the 

fluorescence agents. First, fluorophores can be applied as an imaging tag with specific ligands for 

endogenous biomolecules. In this case, the fluorophores play crucial roles as a signal generator to track the 

targets. On the other hands, the probes which changes its fluorescent intensity or color according to 

condition of analytes have a high potential as a biosensor. We interested in latter case of novel fluorescence 

chemosensors for biomolecules and studying the mode of actions. We prepared dansyl library using 

combinatorial chemistry. 48-membered dansyl probes were screened to various kinds of analytes. Finally , 

PG-1 and PG-2 were discovered for progesterone sensor. These probes were the first chemosensors for 

detecting a specific steroid molecule. Our results demonstrate the potential application of fluorescent 

organic dyes in biosensors which will be promising and useful for bio-imaging and target indicators. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-440 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Development of novel photo-crosslinking probes to investigate protein-

protein interactions (PPIs) 
 

Dhiraj Murale, Se-young Jang1, Jun-Seok Lee* 

 
Molecular Recognition Research Center, Korea Institute of Science and Technology, Korea 

1Korea Institute of Science and Technology, Korea 

  

Protein-protein interactions (PPIs) trigger a wide range of biological signaling pathways that are crucial for 

biomedical research and drug discovery. Various techniques have been used to study specific proteins, 

including affinity chromatography, activity-based probes, affinity-based probes and photo-affinity labeling 

(PAL). Photo-affinity labeling (PAL) has been emerged as a powerful strategy in chemical proteomics to 

study protein-protein interactions (PPIs). Photo-crosslinker generates highly reactive radical species upon 

photo irradiation, and they lead to generate the direct covalent labeling with the adjacent molecules. Despite 

of their capability of spatiotemporal engagement controls in live cell condition, the low crosslinking 

efficiency remains a major critical challenge, especially for those of low abundant proteins which makes it 

very difficult to study their PPIs. One way to overcome this limitation could be the use of an excess amount 

of photo-crosslinkers, but it could lead the unintended nonspecific labeling. It has been known these 

nonspecific interactions are based on hydrophobic and electrostatic interaction effects of biomolecules. 

Therefore, the more effective strategy to overcome this issue is improving the photo-crosslinking efficiency. 

To improve the photo-crosslinking efficiency we have been extensively studying wide range of the PAL 

agents based on BODIPY so called photo-crosslinking BODIPY fluorophore (pcBD). Traditionally, photo-

crosslinking chemical probes are designed based on three functional groups namely benzophenone, 

diazirine and aryl azide. We decided to compare all these three functional groups and incorporated them 

onto BODIPY core by simple chemical modifications for their photo-crosslinking efficiencies. 
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Hydrophobically Amplified Michael Addition of β-Trifluoromethyl 

Nitroolefins “on water” Condition: Facile Synthesis of GABA 
Analogues with Trifluoromethylated Quaternary Stereogenic Center 

 

PINTU MAITY, choong eui song1,*, Somlee Park1, Jin Hyun Park1 

 
CHEMISTRY, Sungkyunkwan University, Korea 

1Department of Chemistry, Sungkyunkwan University, Korea 

  

In recent years, the stereoselective introduction of fluorine atom into molecules has drawn great attention 

in the field of medicinal and agricultural chemistry, due to its unique physical properties of organofluorine 

compounds. Furthermore, improvement of catalytic enantioselective methods for the construction of 

trifluoromethyl group containing stereogenicity has grown into a synthetic challenge, because of massive 

demands for the enantiopure drugs with high liphophilicity to improve efflux capacity. In particular, 

introduction of fluorine into γ-aminobutyric acid (GABA) and its derivatives is of great concentration as a 

result of their crucial role on the central nervous system (CNS), for example, Pregabalin, Baclofen, and 

Phenibut are imperative medicines for neurological disorders. Herein, the organocatalytic enantioselective 

Michael addition of dithiomalonates to β-trifluoromethyl nitroolefins has been focused “on water” 

condition using chiral urea catalyst, to access the enantioenriched Michael adducts with trifluoromethylated  

quaternary stereogenic centers, that scaffold for the aforementioned invaluable bioactive chiral compounds. 

This protocol has been successfully applied for the scalable one-pot synthesis of chiral GABA analogues 

with all-carbon-substituted quaternary stereogenic centers at the β-position, containing trifluoromethy l 

group, which might show highly interesting pharmaceutical properties. 
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Two-photon Ratiometric Fluorescent Probe for Imaging of Sulfur 

Dioxide Derivatives 
 

Umme Tamima, Kyo Han Ahn1,* 
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Biothiols such as Cysteine (Cys) and hydrogen sulfide (H2S) undergo metabolism to generate sulfur dioxide 

(SO2) as the end-product, which spontaneously forms bisulfite (HSO3-) in physiological systems. In 

contrary, sulfur dioxide derivatives are health hazards and act as environmental pollutant. Excessive intake 

of SO2, which ultimately produces bisulfite, may cause several critical health complications including 

respiratory diseases and even lung cancer.1 Accordingly, it is utmost necessary to develop an effective 

detection method for bisulfite to investigate the biothiol metabolism pathway as well as SO2/HSO3- induced 

health disorders. In our continuous efforts to develop fluorescent probe for redox related species, this time 

we introduced a two-photon (TP) active fluorescent probe, which developed for the selective detection of 

bisulfite ions. The probe is based on a benzocoumarin (BC) dye containing an aldehyde moiety, which 

shows ratiometric fluorescence response (emission shift = 63 nm) in presence of bisulfite. Furthermore, this 

probe is also effective for ratiometric imaging of endogenous bisulfite ions in HeLa cells under two-photon 

excitation. References:1. Sang, N.; Yun, Y.; Yao, G.; Li, H.; Guo, L.; Li, G. Toxicol. Sci. 2011, 124, 

400−413.*Unpublished data 



 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-443 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Oxidative dehydrosulfurative arylation of cyclic thioureas 

 

HONG JU YANG, Jeong-Hun Sohn* 
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Pyrimidine moiety has been of long standing interest in organic and medicinal chemistry as a critical 

substructure of many drugs and of many natural products.1 An extensive research on this highly versatile 

template led to the introduction of several drugs into the market such as the hypocholesterolemic agent 

rosuvastatin (Crestor) and the potent anticancer drug imatinib (Gleevec).2 In addition to a privileged  

scaffold being a key binding fragment toward their biological targets the pyrimidine motifs have been 

utilized as molecular probes for the study of chemical/biological interfaces.3 Despite their prominent  

importance in these research areas the synthetic strategies to various pyrimidine derivatives are limited in 

their scope and generality for the functionalization of densely substituted ones. As an effort to such goals, 

herein we present a cascade reaction method for carbon-carbon cross-coupling reaction between 3, 4-

dihydropyrimidine-1H-2-thiones (DHPMs) and azoles with concomitant aromatization under Pd/Cu 

catalytic system to produce diverse 2-azolylpyrimides in a single step. The reaction proceeded efficiently  

with a wide range of DHPM substrates and azoles as coupling partners. 
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Synthesis of Polyglycerol-Dendronized Polymers 

 

Sayun Myung, Si Kyung Yang* 
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High molecular weight polyglycerol-dendronized poly(norbornene)s (PGD-PNBs) were synthesized via 

ring-opening metathesis polymerization of norbornene monomers containing amine functional groups on 

the side-chains followed by dendron growth from the olefins of PNB backbones using iterative 

dihydroxylation and allylation. The PGD-PNBs having the degree of polymerization of ca. 500 and fourth-

generation dendrons are functionalized with 16 peripheral hydroxyl groups as well as a single amine on 

each repeat unit of the PNB backbone. Furthermore, the amine functionality could be used to install 

hydrophobic fluorophores such as coumarin and pyrene, thereby obtaining the final PGD-PNB structures 

which are highly water-soluble and fluorescent. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-445 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Development of a real-time FRET detection system for amyloid-β 

plaque formation towards therapeutic treatment of alzheimer disease 
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Alzheimer disease (AD) occurs by aggregation of amyloid-β and its accumulation of amyloid-β plaque in 

the brain can be fatal. Amyloid-β is formed by the cleavage of the amyloid protein precursor (APP). 

Aggregation of amyloid-β is highly influenced by high concentrations of metal (II) ions in the brain. These 

metal ions coordinate especially with histidine, glutamic acid, and aspartic acid residues of amyloid-β. 

There are several methods to detect amyloid-β aggregation, for example, the use of nuclear magnetic  

resonance (NMR) and transmission electron microscopy (TEM). However, these techniques can be 

laborious, expensive, and often requires dedicated instruments. To overcome the drawbacks of the 

aforementioned methods, we designed a fast and reliable system to detect amyloid-β aggregation based on 

Förster resonance energy transfer (FRET). Real-time imaging of amyloid-β aggregation was achieved using 

an amyloid-β fragment equipped with an N-terminus unnatural fluorescent amino acid, 1-naphthylamine. 

In our design, a C-terminal tryptophan residue of the amyloid-β fragment act as the FRET donor to the 1-

naphthylamine residue. However, only upon aggregation of the construct, the FRET pair is in close 

proximity to allow energy transfer. Consequently, excitation at 280 nm (i.e., tryptophan excitation  

maximum) results in significant sensitized emission at 430 nm (i.e, 1-naphthylamine emission maximu m) 

upon addition of a metal ion to the artificial amyloid-β fragment. Our FRET based approach allows  

monitoring of the metal ion induced amyloid-β plaque formation. The developed method may be applicable 

in the high throughput screening of potential inhibitors of amyloid-β aggregation for the therapeutic 

treatment of AD. 
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Synthesis of Light- Emitting Self-Assembled PNA Dimer Containing 

Modified Cytosine 
 

KEUN HO CHUN*, SOJEONG MIN 
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Recently Israel researchers have found that a PNA dimer forms a specific quaternary structure by self-

replication of bases at a specific pH and exhibits a unique fluorescence property, which can be used as an 

OLED device. This result is significant in that PNA has a new application for an electronic material in 

addition to the biological field. To further investigate the applicability of PNA as an electronic material, we 

tried to make a PNA dimer with a modified cytosine base (C*). The C* was designed to have strong 

complementary bonds by G-clamp formation. Therefore, we aimed to investigate the effect of modified  

cytosine on the self-replication pattern and fluorescence properties. For this purpose, we needed to make 

C*G and GC* PNA dimers. However, the synthesis of di-PNA containing modified cytosine required a 

quite different synthetic strategy than the conventional PNA synthesis method in order to minimize the acyl 

migration and improve the yield of coupling process between PNA monomers. We found MMTr N-terminal 

protection was the best to minimize the acyl migration side reaction. Adding the 2nd base later after 

attaching the PNA unit first led to a significant improvement in the yield, and finally the desired PNA dimer 

C*G and GC* could be synthesized effectively. 
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Development of an enolase detection assay for the treatment of 

rheumatoid arthritis 
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Enolase, a metalloenzyme, plays a crucial role in the human body and is over expressed in more than 95% 

of immune cells of rheumatoid arthritis (RA) patients. Abnormal quantities of enolase are known to activate 

the immune system leading to an increase of inflammatory mediators such as TNF-α and interleukin, the 

main triggers of arthritis. Immunosuppressive drugs such as nonsteroidal, steroids, and TNF blockers can 

be used to alleviate RA. However, presently there is no cure for this disease. To facilitate the discovery of 

new therapeutic agents to treat RA, an enolase detection assay system to screen potential enolase inhibitors 

is necessary. Here, we report the development of a fluorescence based enolase detection assay using an 

active site specific peptide conjugated to a fluorophore. Our developed assay employs enolase immobilized 

on a chip and allows the high throughput screening of large libraries of potential enolase inhibitors. Potent 

and selective enolase inhibitors may pave the way for new therapeutic treatments of RA. 
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Synthesis of Taxamairin B: Benzene skeleton synthesis & Use of Au, 

Pt-Catalyzed Cyclization Reaction 
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Taxamairin A and B have been isolated from the bark of Taxus mairei in 1987. An initial survey of 

Taxamairin A and B identified inhibitory activity against hepatoma (liver tumor) cells.We have developed 

benzene skeleton synthesis for taxamairin B in our laboratory. And now, We are develop the synthesis more 

efficient, more economical. The Taxamairin B will be synthesized by a facile route, which employed the 

Au or Pt-catalyzed cyclization of an enynal that was easily prepared in a convergent manner. 
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The synthesis of chemically stable thiazoline analogues of acinetobatin, 

the major siderophore of Acinetobacter baumannii 
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Recently, bacterial resistance to antibiotics has become a serious problem in the community. Among drug-

resistant pathogens, Acinetobacter baumannii, a gram-negative bacterium, has recently emerged as one of 

the most threatening pathogens particularly in the nosocomial settings due to its rapid acquisition of the 

resistance. One of the strategies to treat this A. baumannii infection is the “Trojan Horse” approach using 

a siderophore as an antibiotic delivery vehicle. The siderophore is a natural product capable of forming the 

corresponding Fe(III)-chelate, and bacteria utilizes this for the iron assimilation from the environment. A. 

baumannii uses acinetobactin as the major siderophore, and this molecule features three potential Fe(III) 

binding moieties; catechol, hydroxamate, and imidazole groups. While two different isomeric structures (1 

and 2) of acinetobactin were proposed, our previous studies established the originally reported structure of 

acinetobactin possessing the oxazoline (1) would be the physiologically relevant form. This finding has 

suggested that a Trojan horse approach targeting A. baumannii should be based on this acinetobactin 

structure, but its facile isomerization to the isoxazolidinone congener (2) has posed a technical problem. To 

resolve this issue, in this study, we have focused on discovery of a chemically stable acinetobactin analogue. 

Specifically, four different analogues (3 ~ 6) were synthesized and tested for their functions, revealing that 

the thiazoline analogues (5 and 6) indeed can function as a faithful surrogate for acinetobactin. Based on 

this result, our laboratory is currently working on developing potent siderophore-antibiotic conjugates 

against drug-resistant A. baumannii. 
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2’-Deoxyuridines labeled with a fluorescein derivative: Synthesis and 

photophysical study 
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Development of pH probes for intracellular pH detection is very important since changes in pH play an 

important role in physiological function. Fluorescein and its derivatives are one of the most widely used in 

modern biochemical, biological, medicinal, photochemical research due to their excellent photophysical 

properties. Fluorescein has different light absorption and fluorescence properties depending on pH since it 

has several acidic groups. Its protolytic equilibrium involves four species (ie, cation, neutral, monoanion, 

dianion) whose pKa values are approximately 2, 4, and 6.In this study, we synthesized new fluorescein 

derivatives from the reaction of 4-bromophthalic anhydride and resorcinol, and deoxyuridines labeled with  

a fluorescein derivative by Sonogashira coupling reaction. We will discuss their pH-dependent protolytic 

equilibria and photophysical properties in detail. 
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Tightly-Knit Hydrogen-Bonding Arrays to Promote Covalent Capture 

and Fluorescence Turn-On Detection of Cyanide 
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Organic fluorophores are widely used for the detection of specific analytes. We have designed and prepared 

a series of π-conjugated molecules for covalent capture and fluorescence turn-on detection of toxic cyanide 

anion. Taking advantage of the benzimidazole unit to function as both hydrogen bond donor (HBD) and 

acceptor (HBA) group, a latent fluorophore was constructed to support multiple HBD-HBA pairs. A 

combination of 1D/2D 1H NMR spectroscopic and X-ray crystallographic studies has established the 

functional role of tightly-knit hydrogen bonding arrays to (i) shift the tautomer equilibrium, (ii) enhance 

the electrophilicity of the cyanide capturing site, and eventually (iii) elicit a large fluorescence turn-on 

response through conformational rigidification of the cyanohydrin adduct. A direct side-by-side 

comparison of eight different structural derivatives that differ in the number or positioning of the HBD-

HBA units supported our mechanistic model. In this presentation will be discussed key design principles, 

synthetic implementations, and important structure-property-reactivity relationships underpinning this 

chemistry. 
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Synthesis, Aggregation-Induced Emission and Sensory Properties of 

Hydrazone-based Materials 
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Aggregation-induced emission (AIE) is an abnormal phenomenon observed in certain organic 

luminophores. A remarkable fluorescence attributed to freely rotating group occurred via the solid state, 

which was not seen in its solution state. This material can be applied to various devices such as bio-devices 

and fluorescence sensors. In this study, we have synthesized various hydrazone materials using hydrazone 

chemistry, and some of them observed the AIE properties. The molecular structure showing the AIE 

property was confirmed by the difference of substitution pattern (para-, meta-) and the number of 

substitution (mono-, bis-, and tris-). We also restrict rotational motions in the molecular structure by 

functionalizing amine group. Thus, it was confirmed that fluorescence was also observed in the solution 

phase. These AIE materials can be applied to various devices using many hydrazone functional groups. We 

made poly(ethylene oxide) films with these materials and confirmed that they could be applied as sensors. 
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Cobalt Catalyzed C-OMe Bond Borylation 
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Organoboron compounds and their derivatives are synthetically versatile building blocks because of their 

readily availability, stability, and variety of functional groups tolerance.[1] Among them, a well-established 

method to afford arylboronic esters is transition metal catalyzed borylations of aryl halides. However, the 

use of aryl halides as an electrophile has some disadvantages such as formation of toxic halogenated 

byproducts. Recently, the use of C(sp2)–O electrophiles has turned out to be a promising alternative to aryl 

halide such as aryl esters, carbamates and sulfonates.[2] However, the aryl methyl ether, which is one of 

the simplest phenol derivatives, remains as a challenge, as C–OMe bond activation requires high activation 

energy and methoxides are not generally good leaving groups. Thus, only one example of ipso-borylation 

of aryl methyl ether has been demonstrated by Martin’s nickel catalysis in 2015.[3] Here, we present cotalt-

catalyzed unactivated C–OMe bond borylation. Not only C(sp2)–OMe bond but also C(sp3)–OMe bond 

could be borylated under our condition. This reaction can be set up under aerobic condition and also does 

not require a presynthesized organometallic complex. A mild and practical Co-catalyzed borylation of 

various substrates enables a new reaction strategy in synthetic chemistry.Reference[1] Miyaura, N.; Suzuki, 

A. Chem. Rev. 1995, 95, 2457-2483.[2] Cornella, J.; Zarate, C.; Martin, R. Chem. Soc. Rev. 2014, 43, 

8081-8097.[3] Zarate, C. ; Manzano, R.; Martin, R. J. Am. Chem. Soc. 2015, 137, 6754-6757. 
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Efficient synthesis of methopholine and Homoprotoberberine Analog 

through double addition of alkyl halides on DHIQ 
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Natural and pharmaceutical products containing tetrahydroisoquinolines (THIQs) possess a wide range of 

biological activities. For the synthesis of diverse THIQs, one of the major precursors utilized is 

dihydroisoquinolines (DHIQs). Recently, we developed a one-pot double addition chemistry introducing 

alkyl halides at the C1-methyl and amine positions of DHIQs through double addition of alkyl halides on 

C1-methyl substituted DHIQs. This chemistry was compatible with various alkyl halides and DHIQs. In a 

similar context, this chemistry was applied in an intramolecular way for the synthesis of 

homoprotoberberine. Various analogs of homoprotoberberine can be synthesized using this methodology. 

The scope and limitation of this chemistry will be discussed. 
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Synthesis of a Label-Free Föster Resonance Energy Transfer Probe for 

the Detection of p21-activated Kinase (PAK1) 
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Phosphatases and kinases play an important role in cellular signaling pathways where they are involved in 

the (de)phosphorylation of biomolecules. Dysregulation of protein (de)phosphorylation is associated with 

cell survival and can lead to numerous diseases (e.g., cancer, diabetes, and obesity) rendering phosphatases 

and kinases as viable drug targets for cancer treatment research. PAK1 is a member of the serine/threonine-

protein kinase family, and plays a crucial role in the regulation of diverse cellular processes, e.g., metastasis, 

growth, and cell cycle progression. The implication of PAK1 in diverse cancers necessitates the 

development of a simple and robust detection assay. Conventional phosphorylase detection assays, e.g., the 

use of radioactive isotopes or ELISA, may require special facilities, are laborious and expensive. Here we 

report the development of a PAK1 specific fluorescence probe for the real-time detection of PAK1 using a 

label-free Föster Resonance Energy Transfer (FRET) approach. FRET involves radiation-less energy 

transfer between two suitable fluorophores when they are in proximity. Classically, FRET requires the 

labeling of (bio)molecules with both, an FRET donor and FRET acceptor. However, covalent modification  

of biomolecules may induce conformational and structural changes thereof. Our label-free FRET approach 

utilizes active site tryptophan residues of PAK1 as the FRET donor in conjunction with target specific 

probes equipped with a suitable FRET acceptor. Our probe is based on a known PAK1 inhibitor and is 

factionalized with a coumarin derivative, a known FRET acceptor to tryptophan. The developed FRET 

based PAK1 detection assay facilitates high throughput screening of potential drug candidates for the 

treatment of PAK1 related diseases. 
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Functionalized-8-hydroxybenzo[g]coumarin dyes: Synthesis, 

photophysical properties and two-photon imaging 
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Umbelliferones have widely been used as a fluorogenic dye for developing molecular probes due to its easy 

synthesis, readily functionalizable arm and strong fluorescence property in the past decades. But because 

of their shorter absorption and emission wavelengths they suffer from severe limitations such as 

photobleaching, photodamage and autofluorescence during cellular imaging process. Moreover 

umbelliferones are not two-photon (TP) active which limits their use for tissue imaging.[1] Linearly  

benzene fused umbelliferones (benzo[g]coumarin) which are more conjugated posing a donor-acceptor type 

structure are expected to give promising results over typical umbelliferones but their efficient synthesis has 

always been a challenge. Herein we address a four-step synthetic route for the synthesis of 3-substituted-8-

hydroxybenzo[g]coumarins, via simple Knovenagel condensation reaction which is effectively shorter and 

simpler than the previously reported ones.[2] Highlighted route here avoids use of harsh reaction conditions 

and follows a divergent approach effectively useful for screening dyes with most desirable properties. 

Synthesized dyes were photophysically characterized and subjected to both one-photon and two-photon 

imaging. Obtained results highlight their uniqueness because of enhanced optical properties including red 

shifted emission, TP absorption and large Stokes shifts, in addition to readily functionalizable arm for 

developing ratiometric-TP probes.Reference: [1] Tasior M, Kim D, Singha S, Krzeszewski M, Ahn KH, 

Gryko DT. J. Mater. Chem. C, 2015, 3, 1421[2] Sarkar AR, Heo CH, Xu L, Lee HW, Si HY, Byun JW and 

Kim HM. Chem. Sci., 2016, 7, 766 
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Lewis acid-catalyzed Friedel‒Crafts/Michael cascade reaction for the 

stereoselective synthesis of highly functionalized 
tetrahydroisoquinolines 
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A Lewis acid-catalyzed Friedel‒Crafts/Michael cascade reaction between N-dialkyl-3-vinylanilines of N-

tosylaziridines has been developed for the stereoselective synthesis of tetrahydroisoquinolines. The reaction 

of using Gd(OTf)3 as a Lewis acid catalyst was tolerant to both the variety of N-dialkyl-3-vinylaniline and 

N-tosylaziridine substrates and provided access to highly functionalized tetrahydroisoquinolines in 

typically high yields with moderate-to-excellent diastereoselectivities. 
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sulfimines with pyrroles 
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An organocatalytic enantioselective Friedel-Crafts reaction of benzoxathiazine 2,2-dioxides with pyrroles 

has been developed. Chiral phosphoric acids are enanantioselective catalysts for Friedel-Crafts reaction 

affording the corresponding pyrrole-3-sulfamidates in good yields and with high enantioselectivities (up to 

95% ee) for a broad range of functional groups and substitution patterns. 
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Rhodamine and its derivatives have high absorption coefficient, high fluorescence quantum yield and 

photostability. Therefore, rhodamines have been widely used as laser dyes, fluorescence standards, 

pigments, and fluorescent probes. They are also used for studying structure and dynamics of micelles and 

single-molecule imaging in live cells.[1]. But most of the rhodamine derivatives have very small Stokes 

shifts and they absorb and emit below 600 nm. Large Stokes shifts (typically over 80 nm) are desirable to 

minimize cross-talk between the excitation source and the fluorescent emission for cellular imaging with  

high signal-to-noise ratio.[2] Also, the rather shorter wavelength absorption and emission windows can cause 

significant autofluorescence from intrinsic biomolecules such as NADH, riboflavins, retinol, folic acid, etc 

become a serious issue in the case of tissue imaging. To alleviate those potential drawbacks of rhodamine 

dyes, we have designed and synthesized a new series of linear and bent shaped benzorhodamine derivatives, 

which have one additional benzene ring to the rhodamine xanthene core. These new dyes emit in the far-

red (~650 nm, bent shaped derivatives) and NIR (~750 nm, linear shaped derivatives) regions in aqueous 

media. These dyes also have good solubility in aqueous media and exhibit high absorptivity, good optical 

brightness, moderate photostability, and Stokes shifts in aqueous solution. We anticipate that these new 

benzorhodamine dyes provide a new scaffold for the development of molecular probes and imaging agents 

for biological applications.[3]References1. a) X. Chen, T. Pradhan, F. Wang, J. S. Kim, and J. Yoon. Chem. 

Rev., 2012, 112, 1910–1956; b) H. Zheng, X. Zhan, Q. Bian and X. Zhang. Chem. Commun., 2013, 49, 

429-447. 2. J. F. Araneda, W. E. Piers, B. Heyne, M. Parvez, R. McDonald, Angew. Chem., Int. Ed., 2011, 

50, 12214−12217.3. M. Dai et al, manuscript under preparation. 
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Background: Development of a method to control the function of a compound in a spatiotemporal manner 

is indispensable in the field of biological chemistry and drug delivery system. Ultraviolet (UV) irradiation-

induced bond cleavage reaction or conformational change of backbone has been applied in order to control 

the function of a molecule. However, due to its low short wavelength, UV light exhibits limited penetration 

depth in biological tissues and can possibly cause tissue damage, which hampers the application of UV 

light for the treatment of internal tumors.1,2Near-infrared (NIR) two-photon photolysis can overcome these 

problems. As already known, two-photon microscopy has advantage of spatial concentrativeness and high 

permeability than one-photon microscopy. NIR light is more harmless to living organisms than UV light. 

Combining with these two advantages, NIR two photon was used as driving force for probe's intramolecular 

photolysis.3,4 For targeting mitochondria, triphenylphosphonium is used as a biomarker for cellular 

mitochondria.5 Materials and Method: Chemical probe was prepared according to the standard method in 

the lab and all starting reagents purchased from the chemical suppliers.Result: The NIR two photon probe 

based on oxazolidinoindole was designed to function through photolysis. Conformational cleavage occurs 

and oxazolidinoindole phenol fragment changes into hydroxyethylindolium phenolate, emitting a green 

light in the range of 570 nm.6Conclusion: Latent NIR two photon probe was successfully photolysised and 

emitted a green light in the range of 570 nm.Reference: 1 Shigenaga, A.; Yamamoto, J.; Sumikawa, Y.;  

Furuta, T.; Otaka, A. Tetrahedron. Lett. 2010, 51, 2868. 2 Yang, Y.; Yang, Y. F.; Xie, X. Y.; Wang, Z. Y.;  

Gong, W.; Zhang, H.; Li, Y.; Yu, F. L.; Li, Z. P.; Mei, X.G. Biomat. 2015, 48, 84. 3 Weissleder, R. Nat. 

Biotechnol. 2001, 19, 316.6. 4 Hambley, T. W.; Hait, W. N. Cancer. Res. 2009, 69, 1259. 5 Murphy, M. P.; 

Smith, R. A. J. Annu. Rev. Pharmacol. Toxicol. 2007, 47, 629 . 6 Kim, C. Y.; Kang, H. J.; Chung, S. J.; 

Kim, H.-K.; Na, S.-Y.; Kim, H.-J. Anal. Chem. 2016, 88, 7178. 
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Cancer Cells 
 

sangpil kim, Ja-Hyoung Ryu1,*, Chaekyu Kim1,*, Huyeon Choi1 

 
Department of Molecular Science, Ulsan National Institute of Science and Technology, Korea 

1Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

Biomineralization is an essential physiological process, which efficiently utilizes inorganic elements 

available in body fluids. It involves in homeostasis of bones and skeletal tissues for maintaining mechanical 

function. Especially, sequestration and secretion of intracellular mineral deposits contributes to regulation 

of cellular fate. Recently, extracellular biomineralization has been studied in vitro and in vivo level as 

potential cancer treatment. However, abnormal extracellular mineral deposits can cause damage to normal 

cells near the mineral nucleation sites, and the loss of cellular susceptibility to environmental changes. To 

overcome this drawbacks, we proposed intracellular biomineralization targeting mitochondria. Inside 

cancerous mitochondria, accumulated selectively of inorganic element and basic condition provided 

effective condition to form biominerals. The resulting biominerals might induce depolarization of 

mitochondria membrane potential, leading to dysfunction of mitochondria. In turn, the dysfunction resulted 

in apoptosis. This intra-mitochondrial biomineralization would provide a new tool for regulating cellular 

functions and potential therapeutic applications. 
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Expanded porphyrin analogues: Dibenzohexaphyrins Containing Four 

Exocyclic Double Bonds at meso-Positions 
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The novel meso-alkylidenyl porphyrinoids are non-aromatic and conformationally flexible macrocycles 

displaying unusual prototropy and unique protonation selectivity depending on the number of core-

hydrogen. Most of the reported meso-alkylidenyl porphyrinoids displayed site-selective protonation and 

pyrrole inversion in some cases. For example, the compounds containing no core hydrogen are protonated 

at core nitrogen. However, the compounds bearing core-hydrogens are protonated at meso-(α)-position with 

concomitant hypsochromic shift of the absorption maxima. As a part of our endeavor for the construction 

of the new expanded porphyrinoid macrocycles, we have synthesized expanded meso-alkylideny l 

dibenzohexaphyrins and fully characterized by 1H NMR and HRMS spectroscopy as well as the single 

crystal X-ray diffraction analysis. The synthesis was accomplished by a typical ‘3+1’ type of the mixed  

condensation. Synthesized compounds contain multiple exocyclic carbon-carbon double bonds at meso-

positions. The p-benzihexaphyrin adopts two pyrroles inverted geometry with the intramolecular hydrogen 

bonding between pyrrolic N-H and carbonyl moiety of the indanedione. In case of m-benzihexaphyrin, the 

intermediate macrocycle bearing meso-hydroxy groups was isolated and characterized. The crystal 

structure analysis indicates that the molecules adopts ci symmetry with cylindrical shape through four 

intramolecular hydrogen bonding between pyrrole NHs and carbonyl group of indanedione. In this 

presentation, Synthesis, structural characteristics and protonation selectivity studies will be presented. 
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Synthesis of Polycyclic Fused Pyrrolizidines via Multicomponent/Metal 

Free Decarboxylative [3+2] Cycloaddition 
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In recent years, the development of multicomponent reactions for the synthesis of polyheterocycles under 

metal or catalyst free has become an important area in the field of medicinal and synthetic organic chemistry. 

With this basic concept, we have successfully developed a methodology for the synthesis of polycyclic 

fused pyrrolizidines derivatives via metal free multicomponent decarboxylative [3+2] cycloaddition 

pathway. These unique heterocycles are may found to be exhibits various biological activities. In this 

presentation, we will discuss about few interesting points regarding the regioselectivity of the reaction, the 

mechanistic point of the reaction, the high functional group tolerance and the substrate scope and synthetic 

utilities. 
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A borane sensor for amino alcohol to determine enantionmeric excess 

and concentration via circular dichroism and fluorescence 
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The analysis method for amino alcohols which are widely used in asymmetric synthesis and drug discovery 

is ever-increasing demanded. Therefore, a lot of chiral reactions to determine the absolute configuration 

and enantiomeric composition have been conducted. In this context, We synthesized boran compound 

ligand to chiropitical sensing varies of nonracemic amino alcohol inducing strong circular dichroism 

spectrum and fluorescence spectrum. Thus, it is an alternative method to measure enantiomeric excess and 

concentration of substrate via single probe simultaneously. 
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Two-photon Active Amino-Si-Rhodamine Dyes for Bioimaging 

 

Kyeong Hwan Kim, Kyo Han Ahn* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Small-molecu le organic fluorophores have become an essential tool for imaging and sensing in 

biochemistry, biophysics, molecular biology, medicine, and material sciences. Among them, xanthene dyes 

such as rhodamines and fluorescein have been widely employed for various fluorescent probe formations. 

These dyes many advantageous fluorescence imaging property such as good water solubility, high 

fluorescence quantum yield and molar extinction coefficient. However, typical xanthene dyes show 

emission wavelength approximately at 500–600 nm and very small Stokes’ shift. So xanthene dyes which 

emit at longer wavelength regions with large Stokes’ shift are in great demand to discover new possibilities 

for bioimaging. Toward this, Si-rhodamine dyes have been developed by replacing the O-atom of xanthene 

core with Si-atom to observe the bathochromic shift of their absorption and fluorescence wavelengths. Still 

Si-rhodamine dyes show a very small Stokes’ shift (~20 nm). Accordingly herein, we developed a new 

class of dyes called amino-Si-rhodamines (ASiR) by introducing amine group at 9 position of Si-rhodamine 

to observe a large Stokes’ shift (~130 nm).ASiR dyes show highly promising photophysical properties 

under one-photon ecitation as well as two-photon excitation. Two-photon active photophysical property of 

ASiR enable their applicability for bioimaging coupled with two-photon microscopy. 
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Calix[4]tetrahydrothiophenopyrrole and 

Calix[4]tetrahydrofuranopyrrole as ion-pair receptors: Synthesis and 
ion-pair recognition properties 

 

hyun seong kang, Chang Hee Lee* 

 
Department of Chemistry, Kangwon National University, Korea 

  

The interests of designing and synthesizing ion receptors possessing selective sensing abilities for various 

ions/ion pairs draw great attention due to their application in medicinal and environmental chemistry. 

Among them, calix[4]pyrroles have been known as anion receptors for various anionic species and variety 

of modification of the mother macrocycles have been developed. The modifications are generally focused 

on the β-pyrrolic positions and meso-positions. Usually introduction of substituents at β-pyrrolic positions 

decreases the anion affinity because of destabilizing steric interactions incurred upon anion binding 

accompanied with conformational changes. A novel ion-pair receptor must have functionalities that 

recognize both cations and anions with high affinity and selectivity. In this respect, we here present the 

design of new calix[4]pyrroles containing heterobicyclic pyrrole as building block. The ion-pair binding 

properties of the synthesized receptors will be presented in detail. 
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Chirality sensing amino acids via stereodynamic Zn-complex self-

assembly 
 

Qian Chen, kwan mook kim1,* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

1Department of Chemistry, Ewha Womans University, Korea 

  

Chirality plays an essential role in modern science and pharmaceutical. The development for analysis of 

chiral compound in a rapid, accurate, time-saving way has attracted huge interest. In this study, A DPA-

Zn-complex was found to be an efficient stereodynamic chemosensor for simultaneous determination of 

absolute configuration and enantiomeric composition of amino acids via circular dichroism spectrum. A 

self-assembly of amino acids, Zn2+, and probe 1 produces characteristic CD signals between 308-310 nm 

at low concentrations. The quantitative sensing approach has a potential in high-throughput application. 
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Synthesis of Ascorbic acid and Dehydroascorbic acid derivatives with 

Amine-based functional groups 
 

Seongjoo Park, do hun Lee, Dai Il Jung*, JUNGTAI HAHN1 

 
Department of Chemistry, Dong-A University, Korea 

1Department of Beauty Care, U1 University, Korea 

  

Ascorbic acid is a naturally occurring organic compound with antioxidant properties. Because it is derived 

form glucose, many animals are able to produce it, but humans require it as part of their nutrition. 

Intravenous high-dose ascorbate is being used as a chemotherapeutic and biological response modifying 

agent. It should be obtained by food sources and transmitted to the brain from the bloodstream. However, 

ascorbic acid can not cross the blood brain barrier (BBB). Dehydroascorbic acid is an oxidized form of 

ascorbic acid and is actively transported through the blood brain barrier by the glucose transporter and then 

converted back to ascorbic acid for brain retention. It is also known to protect nerve damage after ischemic 

stroke. In this study, amine groups were introduced to dehydroascorbic acid to mimic or interfere with the 

action of natural amine neurotransmitters in order to find application such as antidepressants or analgesics. 

Moreover, esterification of ascorbic acid was done in order to aid in the brain delivery. Fast delivery is 

expected to exhibit quicker effects and fewer side effects. We tried synthesis of dehydroascorbic acid 

derivatives with amine-based functional groups. 
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Photoredox-Catalyzed Chloro-Sulfonylation of Alkynes: Synthesis of 

Tetrasubstituted Alkene 
 

kyuneun kim, Avinash G V1, Prashant Chakrasali1, Young-Sik Jung*, SOO BONG HAN2,* 

 
Korea Research Institute of Chemical Technology, Korea 

1University of Science & Technology, Korea 
2Bio & Drug Discovery Division, Korea Research Institute of Chemical Technology, Korea 

  

A new photoredox-catalyzed chlorosulfonylation reaction of arylakynes under mild conditions using visible 

light has been developed. The reaction utilize commercially available substituted aryl/allyl sulfonyl 

chlorides as both the sulfone and Cl source. In the mechanistic pathway for this process, generation of the 

sulfone radical and chloride ion occurs by Ir(ppy)3-photocatalyzed reductive decomposition of 

sulfonylchloride. 
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Organocatalytic Enantioselective Cycloetherification Reactions Using a 

Cooperative Cation-Binding Catalyst 
 

AMOL PANDHARINATH JADHAV, choong eui song1,* 

 
Chemistry, Sungkyunkwan University, Korea 

1Department of Chemistry, Sungkyunkwan University, Korea 

  

Although chiral oxacycles frameworks are present in a wide range of natural products and bioactive 

molecules, however, very few examples enabling the direct synthesis of these chiral cyclic ethers are 

available. We have demonstrated a highly enantioselective cycloetherification strategy for the 

straightforward synthesis of enantio-enriched cyclic ethers using a cation-binding Song’s oligoEG catalyst 

and KF as the base. A wide range of ε, ζ and η-hydroxy-α,β-unsaturated ketones were cyclized to the 

corresponding chiral cyclic ethers mediated by low catalyst loading of (R)-cat. This approach provides a 

new catalytic system for oxa-heterocycle synthesis, which would be useful for constructing a library of 

naturally occurring similar scaffolds. Initial simultaneous activation of potassium fluoride and the carbonyl 

group of α,β-unsaturated ketones by the catalyst and subsequent attack of the hydroxy group in an oxa-

Michael fashion generated the requisite chiral oxacycle. A densely confined chiral space is formed in situ 

by the cation-binding catalyst through incorporation of potassium salt, which simultaneously activates both 

reaction centers in n-hydroxy-α,β-unsaturated ketones resulting in enhanced reactivity and efficient transfer 

of stereochemical information. 



 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-471 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Alkyl Substituent Effect on the Supramolecular Polymerization of 

Hydrazone-based Molecular Building Blocks 
 

Hye Jin Cho, Kyung-su Kim, Changsik Song* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

Hydrazone is well-known functional group for its dynamicity originated from reversible C=N bond 

formation. The hydrazone functional group also shows conformational changes via E-Z isomerization  

through this C=N bond by external stimuli such as light, pH, and metal coordination. Based on these 

properties, the hydrazone functional group has been utilized to construct stimuli-responsive self-assemblies. 

In this study, novel benzoyl hydrazone para-pyridinium conjugates were synthesized and assembled to form 

wire-type supramolecular polymers by direct intermolecular interactions. The formation of the polymers 

could be controlled reversibly according to the pH environment. UV-vis spectroscopic data of mono-

hydrazone model compounds were collected to study the fundamental properties of the corresponding 

hydrazone conjugates. Several alkyl tails were attached to the end of hydrazones, and the effect of alkyl 

tails were investigated with UV-vis spectroscopy, circular dichroism spectroscopy, and scanning electron 

microscopy (SEM). 
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Reactions of 1,3,5-Triazacyclohexanes and acid-degradable cationic 

polyacrylates as siRNA delivery vehicles 
 

Seongjoo Park, Soo Kyung Cho, Dai Il Jung*, JUNGTAI HAHN1 

 
Department of Chemistry, Dong-A University, Korea 

1Department of Beauty Care, U1 University, Korea 

  

The development of safe and efficient delivery vehicle is still the core of gene therapy technology after 

decades of vigorous research. Dendrimers have long been studied as nucleic acid therapeutics carriers  

owing to many advantages such as monodispersity, multivalency and large surface area. However, their 

rigidity and possible cytotoxicity stemming from the large surface have prevented them from being a 

successful siRNA delivery vehicle. Our group is interested in developing star polymers with a degradable 

dendrimer-like core for enhanced flexibility and reduced toxicity.In this study, a degradable 1,3,5-

triazacyclohexane core synthesized from an amino acid reacted with degradable polyacrylates to form a 

fully degradable star polymers. High flexibility is expected from flexible core and star-shaped branches. 

Moreover, degradable core synthesized from amino acid and degradable ketal branches are expected to 

reduce the cytotoxicity as well. Spectroscopic characterization, polyplex morphology characterization as 

well as in vitro cytotoxicity and gene silencing efficiency will be discussed. 
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Effects of fluorescent queinching of methoxytriphenylamine moieties 

on diketopyrrolopyrrole fluorescent dyes 
 

Tae Gyu Hwang, Jae Pil Kim* 

 
Department of materials science and engineering, Seoul National University, Korea 

  

In intermolecular systems, the fluorescent quenching can be explained by many principles and theories such 

as collisional quenching, dynamic quenching, static quenching, energy transfer, etc. However, some 

mechanisms of fluorescent quenching are still unrevealed in intramolecular systems. Some studies have 

been reported that the methoxy groups on luminophores can induce intramolecular fluorescent quenching, 

but not clarified their kinetics. Here, we synthesized and analyzed the diketopyrrolopyrrole dyes having 

triphenylamine moieties with/without methoxy group and analyzed their optical properties. To clarify the 

mechanism of fluorescent quenching by methoxy groups, we assumed that photoinduced electron 

transfer(PET) in intramolecular systems is the main principle. To prove the assumption, aggregation 

induced emission (AIE) properties, which is derived from the triphenylamine moieties are exploited to 

control the intramolecular charge transfer(ICT) between donatings group and accepting groups. Also, the 

ultrafast femtosecond transient absorption spectroscopy(fsTA) and time-corelated single photon 

counting(TCSPC) were exploited to conduct time-resolved spectroscopies to prove the PET process in 

intramolecular system. 
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Synthesis and photophysical characterization of the fluorene-linked 2’-

deoxyuridine 
 

So Young Lee, Gil Tae Hwang* 

 
Department of Chemistry, Kyungpook National University, Korea 

  

Fluorescent nucleoside analogs that are sensitive to their local environment, demonstrating changes in the 

fluorescent properties when induced by changes in polarity, pH, or even structure, have become powerful 

tools for the investigation of nucleic acid structure, dynamics, and recognition.In this study, we synthesized 

the fluorene-linked 2’-deoxyuridine through the Suzuki coupling of 5-iodo-2’-deoxyuridine with fluorene-

2-boronic acid pinacol ester and investigated its solvent-dependent photophysical properties. In addition, 

we incorporated it into the central position of oligodeoxynucleotide to investigate the potential as a SNP 

probe upon the duplex formation with fully matched and single-base mismatched targets. Detailed research 

results including these will be presented. 
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A Highly Efficient Allenoate Aldol Reaction with Racemic Aldehydes 

through Kinetic Resolution: Synthesis of (+)-Xylogiblactone A 
 

Saehansaem Park, Weonju Yu, AHHYEON HONG1, Chan-Mo Yu2,*, Jimin Kim* 

 
Department of Chemistry, Chonnam National University, Korea 

1Sungkyunkwan University, Korea 
2Department of Chemistry, Sungkyunkwan University, Korea 

  

The availability of efficient synthetic methods for achieving absolute stereoselectivity in the production of 

enantiomerically pure compounds is of considerable current interest in organic chemistry. Recently, we 

discovered a highly stereoselective synthesis of unusual gamma aldol adducts from the reaction of 2-alky l 

allenoates with a chiral bromoborane in the presence of Hunig base, and then aldehydes. The characteristic 

features of our approaches in terms of structural aspects of the products have encouraged us to carry out 

more investigations. We have developed a method for the kinetic resolution of racemic aldehydes for this 

purpose. We present herein our discovery of control elements to regulate diastereoselective formation of a 

gamma adduct from the reaction of 2-alkyl allenoates with racemic aldehydes through a kinetic resolution, 

which allows in good yields with high levels of stereoselectivity as describe below. This simple laboratory 

process can also be operated in parallel and provides rapid access to gamma aldol adducts in pure form. We 

would like to present herein scope and limitation of the reaction and its synthetic applications to natural 

product, (+)-xylogiblactone. 
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Enantioselective Liquid–Liquid Extraction of Amino Acids by 

Naphthol Derivatives Contaning Asymmetric Carbon 
 

YINGJI JIN, kwan mook kim1,* 

 
Nano chemistry, Ewha Womans University, Korea 

1Department of Chemistry, Ewha Womans University, Korea 

  

Novel chiral extractants 2 and 3 were synthesized from 3-hydroxy-2-naphthoic acid and applied in the 

enantioselective liquid–liquid extraction (ELLE) of Amino Acids. 2 and 3 were firstly synthesized in 

racemic form and then obtained their optically pure form by normal silica column chromatography 

seperation from the imine diastreomers which was obtained by the reaction of racemic mixture of 2 and 3 

with optically pure 2-Amino-2-Phenylethanol and phenylalanine respectively. Different with the developed 

axially chiral Binol-based chiral extractants, 2 and 3 used asymmetric carbon to control the stereoselectivity. 

The efficiency and activity of 2 and 3 in ELLE for amino acids was determined by 1H NMR analysis. The 

results showed that chiral receptors with asymmetric carbon can also gave good selectivity to amino acids 

in ELLE process. Moreover, tert-butyl ketone-based 3 exhibited much higher selectivity than extractant 2 

containing aldehyde group. 
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Trifluoromethyl intracyclization of alkyne 

 

eunhye oh, Euntaek Kim1, Eunyeong Rim2, Young-Sik Jung1,*, SOO BONG HAN3,* 

 
Korea University, Korea 

1Korea Research Institute of Chemical Technology, Korea 
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3Bio & Drug Discovery Division, Korea Research Institute of Chemical Technology, Korea 

  

Heterocyclic compound containing Trifluoromethyl group have been manifested in the various field of 

medicinal chemistry because of it’s unique properties. We developed trifluoromethylated heterocyclic 

compounds via the intramolecular intracyclization induced by photoredox catalysis. This method allowed  

preparing various CF3 containing cyclic compounds. For example, sulfur, nitrogen, oxygen atom 

containing geterocyclic rings with various ring sizes. 
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A Highly Efficient Asymmetric Gamma Carbonyl Addition Reaction of 

2-Alkylallenoates: Toward a Synthesis of (+)-Phellilane D 
 

Heejung Jeong, Gyungah Pak, Euijin Park1, Jimin Kim*, Chan-Mo Yu2,* 

 
Department of Chemistry, Chonnam National University, Korea 
1Department of chemistry, Chonnam National University, Korea 

2Department of Chemistry, Sungkyunkwan University, Korea 

  

In light of widespread advances in asymmetric methods, aldol reactions of carbonyl functionalities led to 

significant developments in the area of asymmetric synthesis. Recently, we have disclosed a new aldol 

method of the allenoate process in forming 2-hydroxy allenolate in high levels of enantioselectivity. For 

this method the reactin exclusively dictates a regioselectivity starting from methyl allenoate. As part of our 

continuous investigations utilizing allenoates as versatile substrates for asymmetric carbonyl additions, we 

establish stereospecific formation of gamma-addition adduct from 2-alkyl allenoates to construct axial and 

center chiralities during the reaction, which allows in good yields and excellent stereoselectivities. Reaction 

usually produced only single regio- and stereisomer. We would like to present herein scope and limitation  

of the reaction and its synthetic applications to bioactive natural product (+)-phellilane D. 
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Highly Enantioselective and Practical Resolution of Underivatized 

Amino Acids by Liquid-Liquid Extraction Using a tert-Butyl Ketone-
based Binol 

 

HAOFEI HUANG, kwan mook kim1,* 

 
Nano chemistry, Ewha Womans University, China 

1Department of Chemistry, Ewha Womans University, Korea 

  

Using a novel synthesized t-butyl ketone (s)-3 in the enantioselective liquid-liquid extraction process 

allowed the seperation of D-amino acids from enantiomers in enantiomeric excess of 99% and 90%~98% 

yields. Compared with other ketone-derivatives, such as mehtyl, ethyl and iso-propyl ketones, (s)-3 showed 

much higher reaction speed, yield and enantioselectivity in the imine formation with amino acids. 

Calculations for the energy-minimized structures and NMR analysis indicated that the tert-butyl moiety  

played an outstanding role in the stability of imine and the resolution. Moreover, facilitated by the fast and 

easy hydrolysis of imine, (s)-3 could be very suitable in continuous extraction procedure. 
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Development of NBC protection using deodorant fiber 

 

SUNG HUN KIM*, Sam Gon Ryu 

 
Agency for Defense Development, Korea 

  

Recently, deodorant fiber has been developed to remove odor by increasing interest in odor in living  

environment. At present, there is a problem that the activity of the military protection is deteriorated due to 

the high weight of the activated carbon for adsorbing the chemical agent. If we use deodorant fibers that 

utilize the principle of chemisorption, we expect to be able to develop lightweight protection by replacing 

activated carbon. In this study, we investigated the adsorption degree of the chemical agent on the 

phthalocyanine of deodorizing fiber surface and confirmed the possibility of substitution. In addition, 

phthalocyanine with various metals is used to confirm the decomposition reaction as well as adsorption of 

the chemical agent. Phthalocyanine was deposited on the fiber by electrospinning and the mixture was 

prepared by sonication to emit without clogging. 
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Direct Synthesis of Anthracenes via Tandem Reaction: Pd-Catalyzed 

sp3 C-H Arylation using Transient Ligands 
 

Kwangho Yoo, Byunghyuck Jung1,*, Min Kim* 
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1School of Basic Science, Daegu Gyeongbuk Institute of Science & Technology, Korea 

  

Anthracenes are polycyclic aromatic hydrocarbon, and consisting of three fused benzene rings. Anthracene 

derivatives could be used as chromophores in various applications such as bio-probes, lighting-emitting  

devices, and polycyclic aromatic drugs. There are several reported procedures for the direct preparation of 

anthracene derivatives. However, it usually requires complex substrates that demand multistep syntheses 

and show poor functional group tolerances. To solve this problem, we recently have studied the direct 

synthesis of anthracene through tandem reaction of Pd-catalyzed sp3 C-H arylation and electrophilic 

aromatic cyclization.In this presentation, first of all, novel amino acid-based transient ligand development 

for the first step, palladium-catalyzed C-H bond arylation reaction will be discussed. The new transient 

directing group reversibly reacts with the aldehydes to imine formation. And the palladium could be 

positioned and activate the inert C–H bonds by this temporary directing group.[1-3] The preparation of new 

ligands and their catalytic activities will be presented along with substrate scopes for sp3 C-H bond arylation 

reactions. And the direct synthesis of anthracenes will also be discussed. From the reaction between o-

tolualdehydes and aryl iodides, the anthracene derivatives were obtained. The selectivity from silver 

oxidant, and the substrate scope for anthracenes will be presented.References[1] Zhang, F.-L.; Hong, K.; 

Li, T.-J., Park; H., Yu, J.-Q. Science 2016, 351, 252.[2] Ma, F.; Lei, M.; Hu, L. Org. Lett. 2016, 18, 2708.[3] 

Liu, X.-H.; Yu, J.-Q. J. Am. Chem. Soc. 2017, 139, 888. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-482 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Formal synthesis of (+)-aplykurodinone-1 by Efficient Stereo-, Regio-

selective Intramolecular Diels-Alder of 2-pyrone 
 

Joon Ho Lee, Cheon-Gyu Cho* 

 
Department of Chemistry, Hanyang University, Korea 

  

During the past years, we have explored the Diels-Alder chemistry of 3,5-dibromo-2-pyrone as a new diene 

synthon. Its synthetic versatility has been further exuberated by the recent discovery that either of the two 

C-Br groups can be selectively functionalized through transition metal catalyzed coupling reactions. The 

resultant 3- or 5-substituted 2-pyrones are also potent neutral dienes, and therefore may undergo 

cycloaddition reactions to afford an array of densely functionalized cyclohexenes. Ever since then, we have 

explored the potential applicability of the rich chemistry embedded in the 2-pyrone cycloadducts, toward 

the synthesis of complex bioactive natural products, which allowed us to achieve successful total syntheses 

of various natural products including crinine, crinamine, galanthamine, aspidospermidine, pancratistatin, 

1-deoxylycorine, and lycorine.In conjunction to our continuous efforts toward target-oriented synthesis, we 

have devised a new synthetic route to (+)-aplykurodinone-1 by way of an efficient streo-, regio-selective 

intramolecular Diels-Alder reaction. This highly selective IMDA reaction could form tricyclic ring core 

with complete control of all stereo-centers at C3, C4, C7, C8 positions of aplykurodionone-1. Presented 

herein would be our recent results on the formal synthesis of (+)-aplykurodinone-1 and the efforts toward 

its total synthesis. 
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Installation of Functionalized Ligands to Metal-Organic Frameworks 

by Ligand Exchange 
 

Seongwoo Kim, Min Kim* 

 
Department of Chemistry, Chungbuk National University, Korea 

  

The functional group could be installed into MOFs (metal-organic frameworks) through two different  

strategies. First, the functionalized ligand is prepared, and then installed through solvothermal synthesis. 

The second method for MOF functionalization is the postsynthetic treatment. At 2012, we discovered that 

the ligand in MOF strut could be replaced with external ligand in the olution.1 And this postsynthetic 

process called as PSE (postsynthetic ligand exchange). It strongly suggested that MOFs are not inert solid 

material, and they are on the some equilibrium between solid and solution.Recently, structural defects were 

revealed in MOF crystal structures have many interests in coordination material research fields. Since 

MOFs are constructed by repeating coordination bonds between metal ions (or clusters) and organic ligands, 

the disappearance of metal clusters or organic linker molecules generate structural defects on the 

frameworks.2 The structural defects could give physically unstable frameworks, however, at the same time, 

allow more accessible channel or porosity to the guest molecules. Very recently, the defect engineering in 

MOFs pores are receiving much attention from this point of view.In this presentation, the practical PSE 

process through defective MOF will be discussed. The existence of defect and increase of defect amount in 

the framework could accelerate the diffusion of functionalized molecule and produce the installation of 

functional molecules. The scope of functionalizations and the detail kinetics along with application will be 

presented.3References1. Zhou, H.-C.; Long, J.-R.; Yaghi, O.-M. Chem. Rev. 2012, 112, 673.2. Fang, Z.; 

Bueken, B.; De Vos, D.-E.; Fischer, R.-A. Angew. Chem. Int. Ed. 2015, 54, 7234.3. Park, H.; Kim, S.; Jung, 

B.; Park, M. H.; Kim, Y.; Kim, M. Inorg. Chem. 2018, 57, 1040. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-484 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Multicomponent Oxidative Trifluoromethylation of Alkynes with 

Photoredox Catalysis: Synthesis of α-Trifluoromethyl Ketones 
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A Direct multicomponent oxidative addition of CF3 and H2O to diverse alkynes was achieved with  

photoredox catalysis to obtain α-trifluoromethyl ketones via rapid enol-keto tautomerization of the adducts. 

The reaction exhibits high functional group tolerance, operational simplicity and regioselectivity. Various  

sizes trifluoromethylated heterocycles were synthesized from the α-CF3 substituted diketone product 

obtained through our protocol, thereby demonstrating the versatile applicability of the method. Mechanistic 

studies of the reaction with isotope labelled experiments provided insight into the reaction pathway. 
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Synthesis of Alcyopterosin L, E via Pd catalyzed [2+2+2] cycloaddition 

 

Juyeon Kang, Chang Ho Oh* 

 
Department of Chemistry, Hanyang University, Korea 

  

Synthesis of polycyclic compound has been a major challenge in modern synthetic organic chemistry due 

to the large appearance of biologically active natural products possessing polycyclic rings. Triynes can be 

converted into polycyclic compounds with the help of the transition metal catalysts like palladium, rhodium, 

nickel, and cobalt. Continuing our interest in palladium catalyzed polycyclization, we revisited [2+2+2] 

triyne cyclization to synthesize the Alcyopterosin natural products. We will report the synthesis of 

Alcyopterosin Natural product focus on chiral type. 
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A Two-photon NIR Probe for Spatiotemporal Tumor Therapy 

 

Hae-Jo Kim*, HyunSeok Seo 

 
Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

Background: Development of a method to control the function of compounds in a spatiotemporal manner 

is indispensable in the field of biological chemistry and drug delivery. Ultraviolet (UV) irradiation-induced  

bond cleavage reaction or conformational change of backbone has been applied in order to control function. 

However, due to its low short wavelength, UV light exhibits limited penetration depth in biological tissues 

and can possibly cause tissue damage, which hampers the application of UV light for the treatment of 

internal tumors.1,2Near-infrared (NIR) two-photon photolysis can overcome these problems because NIR 

causes minimal tissue damaging compared with UV. Over the past few decades, NIR light-triggered  

photodynamic therapy (PDT) has emerged as an alternative treatment approach to chemotherapy and 

radiotherapy to treat cancer in the clinic.3,4Materials and Method: Chemical probe was prepared according 

to the standard method in the lab and all reagents purchased from the chemical suppliers.Conclusion: We 

design a NIR two photon-induced drug delivery system for tumors. For targeting tumor, a glucose unit is 

introduced as a biomarker and a two-photon active nitrobenzyl ether moiety is linked to a drug moiety. This 

probe is expected to exhibit an effective spatiotemporal tumor therapy in a mouse model of 

cancer.References1 S. Akira , O. Akira, Tetrahedron Lett., 2010, 51, 2868.2 M. XingGuo, Biomat., 2015, 

48, 84.3 R. Weissleder, Nat Biotechnol., 2001,19, 316.4 T. W. Hambley , Cancer Res., 2009, 69, 1259. 
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Total synthesis of (±)-clivonine 

 

Cheng-Dong Wang, Cheon-Gyu Cho* 

 
Department of Chemistry, Hanyang University, Korea 

  

Diels-Alder reaction of 2-pyrone can be exceptionally powerful for the synthesis of structurally complex 

natural products, constructing multiple carbon-carbon bonds in a single operation1. As a part of our ongoing 

study exploring the utility of 3,5-dibromo-2-pyrone in target-oriented synthesis2, we have further 

envisioned that the aforementioned synthetic strategy could be also effective for clivonine. Our efforts 

toward this natural product will be presented. 
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One-pot synthesis of tetrasubstituted thiophenes via in situ formation 

of sulfur ylide-like intermediates 
 

Seong Jun Park*, Hwan Jung Lim 
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We describe herein a new method for the practical synthesis of tetrasubstituted thiophenes. The developed 

approach can be used for the facile synthesis of thienyl heterocycles. We suggest that the desired thiophenes 

were obtained after the formation of a sulfur ylide-like intermediate. It could be explained in our 

experiments (i) substitution studies of the methoxy group on Meldrum’s acid-based N,S-acetals, (ii) the 

intramolecular cyclization of ketene aminothioacetals to the corresponding thiophenes, and (iii) 1H NMR 

studies of Meldrum’s acid-substituted N,S-acetals. It is notable that 2-pyridyl substituted compound 7a 

exhibited superior properties over those of others in terms of structural effects on the reactivity and stability 

of sulfur ylide-like intermediates. 
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Total Synthesis of (-)-Alloaristoteline 

 

jang yeop kim, Tae-Hong Jeon, Cheon-Gyu Cho* 

 
Department of Chemistry, Hanyang University, Korea 

  

Recently, we have demonstrated ene-hydrazides prepared from enol triflates in regiochemically defined 

form may undergo Fischer indolization reactions with no regiochemical scrambling. This conceptually new 

synthetic strategy has been successfully applied to the total syntheses of (+)-aspidospermidine and (-)-

tabersonine.Toward further development of our new strategy, we have envisaged a new synthetic route to 

(-)-alloaristoteline, a highly strained aristotelia alkaloid. In this new program, we envisioned enol triflate 1 

could be prepared from the corresponding enone by a Michael addition of a Gilman reagent followed by an 

in-situ triflation. Subsequent C-N coupling with phenyl hydrazide would afford the key intermediate ene-

hydrazide 2. Regioselective Fischer indolization would furnish indole 3, the main skeleton of (-)-

alloaristoteline. Presented herein would be our progress toward the synthesis of (-)-alloaristoteline. 
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Lewis acid-Mediated [3+2+1] Annulation for the Construction of 2-

Arylpyridines and Their Applications 
 

JiHyeon Ha, Yong Rok Lee* 

 
Division of Chemical Engineering, Yeungnam University, Korea 

  

This abstract deals with the construction of diverse 2-phenylpyridines bearing benzophenone moieties by 

Lewis acid-mediated [3+2+1] annulation. This methodology provides a simple and convenient method for 

the synthesis of biologically important core molecules of nitrogen heterocycles. Importantly, 2-

phenylpyridines are also used as building blocks in the synthesis of valuable ligands for metal complexes  

in organic transformations. Owing to their importance, several synthetic approaches have been reported 

based on transition-metal catalyzed or metal-free conditions. Although several approaches for the synthesis 

of 2-arylpyridines have been developed, a more facile and efficient one-pot synthetic protocol is still 

desirable.To date, there are no reports on [3+2+1] annulations for the synthesis of 2-arylpyridines using 

acetonitrile as a nitrogen source instead of ammonia, ammonium acetate and azide. As part of our interest 

in this area, we report herein a novel BF3∙OEt2 mediated [3+2+1] annulation of commercially available 3-

formylchromones with aryl acetylenes, and acetonitrile for the construction of diverse 2-arylpyridines  

(Scheme 1). Interestingly, in this reaction, the nitrogen source for the 2-arylpyridine construction is from 

the solvent, acetonitrile, rather than ammonium acetate or the amine. This new developed protocol lets an 

application for the one-pot synthesis of N-heterocycles as potent UV filters and antibacterial agents. 
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An Efficient Cyanation of Aryl and Vinyl halides via Modified 

Rosenmund-von Braun Reaction 
 

Heung Bae Jeon*, Meehee Bang1, Haelim Cho2, HANA LEE1, YEONJI KIM2 

 
Department of Chemistry, Kwangwoon University, Korea 

1Kwangwoon University, Korea 
2Chemistry, Kwangwoon University, Korea 

  

Aryl and α,β-Unsaturated nitriles are present as a key motif of natural products, pharmaceuticals, 

agrochemicals, dyes, and herbicides. Moreover, the nitriles are employed as the versatile intermediates for 

the preparation of amines, amides, aldehydes, and carboxylic acids. The most popular synthetic method is 

the classical Rosenmund-von Braun reaction. However, it has the disadvantage of requiring high 

temperatures. The transition metal-mediated cyanation reactions have been more and more attractive in 

these years, among which palladium and copper are most commonly involved. Nevertheless, most such 

conventional homogeneous systems involve the use of expensive additional ligands. In order to solve this 

problem, we have studied an efficient and easy operational copper-mediated cyanation reaction of a wide 

variety of aryl and vinyl halides via the modified Rosenmund-Von Braun reaction. Herein we present the 

successful cyanation of lots of aryl halides and vinyl halides with copper cyanide and 

tetramethylethylenediamide (TMEDA) in poly(ethylene glycol) dimethyl ether (PEG250-(OMe)2) at 90-

120 ℃. Our new method gave the aryl and α,β-Unsaturated nitriles in much better yields than that of 

original Rosenmund-von Braun reaction under mild reaction conditions and used readily available cheap 

reagents. 
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Ratiometric Two-Photon Fluorescence Probe for Quantitative 

Monitoring of hNQO1 Activity in Colon Tissues 
 

Myoungki Cho, Jae Hyung Jo, Hwan Myung Kim1,* 
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1Department of Chemistry / Department of Energy Sys, Ajou University, Korea 

  

Human NAD(P)H:quinone oxidoreductase 1 (hNQO1) as a flavoenzyme catalyzes two- or four-electron 

reduction of endogenous and exogenous quinones to their hydroquinone forms.1 Reductions catalyzed by 

hNQO1 play an important role in cell protecting, detoxification and antioxidant cycle.1 In particular, 

hNQO1 is over-expressed in tumour cells compared with normal cells of the same origin. Especially human 

colonic carcinomas show a markedly increase activity of hNQO1.2 In this work, ratiometric two-photon 

fluorescence probe was designed for quantitative analysis of hNQO1 activity related to human cancer and 

normal tissues. Using fluorescence microscopy, the hNQO1 activity can be measured without homogenates 

of the tissue. Moreover, the ratiometric system that change emission wavelength activated with enzyme 

produces quantitative analysis of hNQO1 activity in different samples through dual channel monitoring.3 

Two-photon microscopy employs two near-infrared photons as the excitation source, offers a number of 

advantages including greater penetration depth (> 500 μm), localization of excitation with min imum 

background signal, and longer observation times.4This probe shows perceptible blue-to-yellow emission 

wavelength change activated with hNQO1, high stability and selectivity. It can real time monitor hNQO1 

quantitatively in living cells and human colon tissues. 

References 

1. Nebert, D. W.; Roe, A. L.; Vandale, S. E.; Bingham, E.; Oakley, G. G. Genet. Med. 2002, 4, 62. 

2. Schor, N. A.; Cornelisse, C. J. Cancer Res. 1983, 43, 4850. 

3. Lee, H. W.; Heo, C. H.; Sen, D.; Byun, H. O.; Kwak, I. H.; Yoon, G.; Kim, H. M. Anal. Chem. 2014, 86, 

10001. 
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Design and Synthesis of Single Component Organic Solar Cells 

 

Wonsuk Kim*, Ha-Bin Sim1 

 
Chemistry Department of Nano-Science, Ewha Womans University, Korea 

1Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Solution-processed organic photovoltaics (OPVs) have emerged as a promising renewable energy 

technology due to their potential to form light-weight, flexible, and inexpensive manufacturing methods. 

Generally, OPV adopts the bulk heterojunction (BHJ) with the p-type conjugated polymer donors and the 

fullerene derivatives as an electron acceptor. In comparison with the polymer semiconducting material, the 

small molecules have been considered as an impeccable alternative in OPVs due to their advantages such 

as well-defined molecular structure, high purity, no end-ground contamination, and good batch-to-batch 

consistency. To date, as another interesting photosensitive materials, single molecular donor-acceptor 

conjugates or all-in-one molecules that the donor and acceptor moieties are integrated have been 

demonstrated. Moreover, Single Component Organic Solar Cell (SCOSC) has been shown very efficient  

charge separation, probably, because the exciton generation and dissociation occur in the same molecule. 

Thus, herein, we present the synthesis of a new type of single component organic solar cell employing  

thiophene and perylene bisimide moieties. 
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Fe(II)-polypyridine/iminopyridine Complexes as Efficient Catalysts for 

the Conversion of CO2 into Cyclic Carbonates 
 

EunYoung Seong, Jae Hyung Kim, Eun Joo Kang* 

 
Department of Applied Chemistry, Kyung Hee University, Korea 

  

Iron is one of the metals that can convert cyclic carbonates by coupling CO2 and epoxides, there are some 

studies using a Schiff base1 and an aminophenolate2 based iron complexes. But these complexes limit on 

modifying tetradentate ligand system, so we investigate new types of Fe-ligand systems based on 

iminopyridine or polypyridine binding to Fe center in a bidentate or tridentate manner. Notably, Fe(II)-

iminopyridine complexes are easy to modify structure in tuning their steric and electronic properties by 

modification the framework of the ligand. In our reaction condition, Fe(II) complexes have an axial halogen 

which can be dissociable to form empty site of metal center acting as Lewis acid for epoxide activation. At 

60 ℃, relatively low temperature, the combined use of iron complexes and tetrabutyl ammonium bromide 

(TBAB) resulted in an efficient catalytic system for the synthesis of cyclic carbonates under low CO2  

pressure (0.5 MPa) and solvent-free conditions. Fe(II)-polypyridine complexes having their own 

nucleophilic halide source also converted styrene oxide to cyclic carbonate in the absence of TBAB under 

the elevated reaction temperature (100 ℃). Particularly, Fe(II) complex bearing bpy-6,6’-diol (dhbpy) 

ligand showed higher efficiency, suggesting the additional role of hydrogen bonding attraction in epoxide 

activation.AcknowledgementThis study was supported by the Ministry of Education, Science and 

Technology, National Research Foundation (Grant No. 2017M1A2A2043147 “Next Generation Carbon 

Upcycling Project”).References 1) G. A. Luinstra et al,; Chem. Eur. J. 2005, 11, 6298–6314. 2) C. J. 

Whiteoak et al.; Adv. Synth. Catal. 2013, 355, 2233–2239. 
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Novel π-Conjugated Materials Obtained from N-Heterocyclic 

Carbenes and Quinones 
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The application of N-Heterocyclic carbenes (NHCs) in synthetic manipulations has continuously grown 

since their first isolation in 1992 by Arduengo and coworkers.(1) NHCs are commonly used as strong 

Brønsted and Lewis bases, and as ligands in transition metal and metal-free catalytic reactions. Such 

catalytic reactions include oxidation reactions where an external oxidant, such as a quinone, is required. 

Interestingly, the reactivity between the strong nucleophilic NHCs and electrophilic quinones has not been 

previously studied. For 1,2-chloranil and 2,3-dichloro-5,6-dicyano-1,4-quinone (DDQ), the products 

formed with NHCs are distinct from those arising from the nucleophilic attack of quinones by other P- or 

N-centered nucleophiles like phosphines and pyridines.(2) Novel unexpected π-conjugated materials were 

isolated. 

 

1. A. J. Arduengo III, H. V. R. Dias, R. L. Harlow and M. Kline, J. Am. Chem. Soc., 1992, 114, 5530–

5534. 

2. (a) F. Ramirez, D. Rhum and C. P. Smith, Tetrahedron, 1965, 21, 1941–1959.; (b) V. A. Loskutov, V. I. 

Mamatyuk and I. V. Beregovaya, Russ. Chem. Bull., 1999, 48, 371–374.; (c) A. S. Koch, W. G. Harbison, 

J. M. Hubbard, M. de Kort and B. A. Roe, J. Org. Chem., 1996, 61, 5959–5963.; (d) A. R. Katritzky, W.-

Q. Fan, Q.-L. Li and S. Bayyuk, J. Heterocyclic Chem, 1989, 26, 885–892. 
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Design and Evaluation of Hydroxy Pyridyne Precursors Induced by 

1,3-Brook Rearrangement 
 

Young-Kyo Jeon, Wonsuk Kim1,* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

1Chemistry Department of Nano-Science, Ewha Womans University, Korea 

  

The pyridine ring is one of the most important heterocycles in pharmaceutical chemistry. It is contained in 

more than 100 commercially available drugs. As a result of the high value of pyridines, several methods to 

access their functionalized derivatives have been studied. A promising approach to the synthesis of 

functionalized pyridines involves the use of highly reactive pyridyne intermediates, which are pyridine 

analogue of benzyne. Herein, we report the design and synthesis of new type of 2,3- and 3,4-

hydroxypyridyne precursors which are capable of pyridyne intermediates triggered by 1,3-brook 

rearrangement. Furthermore, we present the highly regioselective reactions between various arynophiles 

and hydroxypyridynes generated from 2,3- and 3,4- pyridyne precursors. 
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Synthesis of Unsymmetrical 3,5-Diaryl Substituted Pyridines via 

Chemoselective Suzuki-Miyaura Cross-Coupling Reaction 
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Pyridines are a common moiety found in biologically active natural products and relevant pharmaceuticals. 

In particular, aryl substituted pyridines are found as a valuable structural motif to synthesize antibacterial 

and anticancer active compounds. Preferentially, we synthesized several 3,5-dibromo-2-substituted  

pyridines from 3,5-dibromo-2-hydroxy or amino pyridine.Due to the different steric or electronic 

environment of two bromines of the synthesized starting material, we expected we could control the rate of 

the oxidative addition. Herein, we report the chemoselective Suzuki-Miyaura cross-coupling reactions for 

the synthesis of unsymmetrical 3,5-diaryl pyridine derivatives employing 3,5-dibromo-2-substituted  

pyridines and boronic acids. Furthermore, one-pot synthesis of unsymmetrical 3,5-diaryl substituted 

pyridines has been investigated. 
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A ratiomatric two-photon fluorescent probe for γ-

glutamyltranspeptidase 
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γ-Glutamyltranspeptidase (GGT) is a cell-surface-bound enzyme, which selectively catalyzes the cleavage 

of the γ-glutamyl bond in glutathione (GSH)1. It is found that GGT plays important role in cellular GSH 

and cysteine homeostasis, involving in various physiological and pathological processes2. Indeed, it has 

been discovered that overexpressed levels of GGT are associated with tumorigenesis in several human 

cancer cell, including ovarian and colon cancer3. Therefore, GGT has been recognized as a potential 

biomarker of malignant tumors. From this point of view, there is growing interest in fluorescent probes for 

GGT and several GGT activatable fluorescent probes have been developed for the detection and imaging 

of GGT both in tumor cells and living animals4. However, only a few one photon ratiomatric fluorescent 

probes are known that are favorable for biological imaging.In this work, we developed a new ratiomatric 

two-photon fluorescent probe for GGT by incorporating the γ-glu-substrate and indocyanine fluorophore. 

This probe showed both one-and two-photon excited fluorescence and large stokes shift as well as high cell 

loading ability. The probe was readily activated by GGT and successfully applied for one- and two-photon 

microscopy imaging in live samples. References1. D. Yao, D. Jiang, Z. Huang, J. Lu, Q. Tao, Z. Yu and X. 

Meng. Cancer. 2000, 88, 7612.A. Fraser, S. Ebrahim, G. D. Smith, D. A. Lawlor, Hepatology. 2007, 46, 

1583.M. H. Hanigan, H. F. Frierson Jr., J. E. Brown, M. A. Lovell, P. T. Taylor, Cancer Res, 1994. 54, 

2864.Y.Urano, M. Sakabe, N. Kosaka, M. Ogawa, M. Mitsunaga, D. Asanuma, M. Kamiya, M. R. Young, 

T. Nagano, P. L. Choyke, H. Kobayashi, Sci. Transl.Med. 2011, 3, 110 
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An effort to develop a simple synthetic method for direct 

functionalization of catechol-containing siderophores 
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Siderophores are small molecule iron-chelators secreted by microorganisms in response to iron limitation . 

When pathogens infect a human, they utilize siderophores to intercept the iron in the infected host system 

to thrive. In this regard, siderophores are considered as important virulence factors, which has rendered the 

mechanisms associated with siderophore metabolism as viable antibiotic targets. Among various 

approaches, a Trojan horse strategy in which siderophores are utilized as antibiotic delivery vectors has 

attracted great attentions, because of its potential to overcome the drug permeability barrier, one of the 

major drug resistance mechanisms. For discovery of a potent siderophore-based antibiotic delivery system, 

it is crucial to establish an efficient synthetic method to derivatize siderophore molecules. By now, most 

siderophore modifications have involved the incorporation of a functional group compatible for a 

conjugation chemistry at the early stage of the synthesis, followed by progressive build-up of the 

siderophore scaffold. Such a conventional approach inevitably requires lengthy synthetic steps and, 

therefore, not suitable for rapid generation of siderophore-antibiotic conjugate library. To address this issue, 

this study has aimed to develop a simple synthetic method that allows direct functionalization of 

siderophores. Specifically, we have hypothesized that oxidation of the catechol moiety found in many 

siderophores (i.e., enterobactin, acinetobactin, etc.) to the corresponding ortho-benzoquinone followed by 

a site-selective nucleophilic addition of an antibiotic-containing fragment would allow us to achieve this 

goal. This presentation will entail some of our early results including the screening of various reaction 

conditions as well as preliminary evaluation of the substrate scope. 
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Mild Base-Promoted Benzannulation of N-tosylhydrazones with 3-
formylchromones for Diverse and Polyfunctionalized Xanthones 
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N-Tosylhydrazones have been widely used as precursors of diazo compounds. A number of transition-

metal-catalyzed and transition-metal-free transformations of N-tosylhydrazones via cyclopropanation, C–

H insertion, ring expansion, coupling reactions, and construction of heterocycles have been demonstrated. 

Despite remarkable and excellent developments of novel protocols using N-tosylhydrazones in organic 

synthesis, there are no reports on the reactions of N-tosylhydrazones with 3-formylchromones for diverse 

and functionalized xanthones so far. Xanthones are important oxygenated heterocyles found in many 

natural products exhibiting prominent biological and pharmacological activities. Molecules bearing a 

xanthone moiety exhibit potent anticancer, antimicrobial, antimalarial, anti-HIV, antioxidant, anti-

angiogenesis, antialzheimer, protein kinase C, α-glucosidase, and cholesterol acyltransferase inhibitory 

activities. In addition, some of these compounds are evaluated and utilized as major drug candidates. 

Although several approaches for the synthesis of xanthones have been well described, more facile and 

efficient protocols for diverse and functionalized xanthones are still highly desirable.Herein, we present 

simple and efficient base-promoted denitrogenative /deoxygenative/deformylative condensation for the 

regiospecific construction of biologically interesting polyfunctionalized xanthones starting from N-

tosylhydrazones and two molecules of 3-formylchromones (Scheme 1) This protocol proceeds via cascade 

diazo formation/Michael addition/ring cleavage/Michael addition/intramolecular aldol 

condensation/aromatization. The synthesized xanthones were also screened for potent UV-filters , 

fluorescent sensors, and antioxidant properties. 
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Chiral Lewis Base-Catalyzed Kinetic Resolution of cis-Vinyl epoxide 
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Vinyl epoxides are versatile precusors to highly functionalized compounds.1 The combination of olefin and 

epoxide affords not only unique reactivity that cannot be harnessed from each moiety alone but also 

effective properties of the two functional groups. Because of the high utility of vinyl epoxide, various 

synthetic methods and strategies have been studied and applied to total synthesis of natural products. 

Nevertheless, enantioselective synthesis of vinyl epoxide is challenging and typically depends on 

enantioselective epoxidations of a few types of substrate. Kinetic resolution can be employed as an 

alternative strategy when there is no general, enantioselective synthetic method. Kinetic resolution has been 

successfully utilized for the synthesis of highly enantioenriched vinyl epoxide intermediates in total 

syntheses of chlorosulfolipids.2 Because Denmark’s catalyst had provided good selectivity in kinetic 

resolution of dichlorinated cis-vinyl epoxide, a broad range of epoxides containing an electron withdrawing  

substituent are systematically examined under Denmark’s Lewis base-catalyzed enantioselective 

chlorinolysis conditions.3 

 

References 
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Convenient Immobilizing Method of Organic Molecules onto Silica 

Nanoparticle using 1,4-Phenylenediisocyanate 
 

MinYoung Kim, Woojin Park, Chul-Ho Jun* 

 
Department of Chemistry, Yonsei University, Korea 

  

Organic-inorganic hybrid material can be utilized in various fields of material science. These materials can 

be prepared by reacting of silanol group of silica or glass with organic molecules. For this purpose, a 

coupling reagent between silica surface and functional organic molecules such as fluorescent or dye organic 

molecules is required. For this purpose, we developed diisocyanate derivatives like 1,4-

phenylenediisocyanate, hexamethylenediisocyanate, etc. Diisocyanate derivatives are highly reactive 

electrophiles, which react with a variety of nucleophiles including alcohols, amines or silanol group of 

silica. Therefore, we tried to immobilize diisocyanate derivates such as 1,4-phenylenediisocyanate to silica 

surface to generate isocyanate functional group-immobilized silica surface. It is quite interesting that only 

one of isocyanate groups in 1,4-phenylenediisocyanate reacts with silanol group of silica surface due to 

geometrical constraint. In the final step, remaining isocyanate group on the modified silica surface can be 

utilized for reacting with fluorescent or dye organic molecules to form functional hybrid materials. 
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Synthesis of Nitrones Containing a Quaternary Carbon Center from 

Oximes Catalyzed by Rhodium(III) Complex 
 

Woojin Park, hyejeong lee1, Chul-Ho Jun* 

 
Department of Chemistry, Yonsei University, Korea 

1Department of Chemistry, Dong-A University, Korea 

  

Transition metal catalyzed synthetic methods of heterocyclic compounds such as furan, pyrrole, 

isoquinolines, pyridines, and isoindoles are current interests in organic chemistry. Nitrone derivatives 

represents an useful synthetic intermediates in natural product. Nitrones can undergo several reactions such 

as 1,3-dipolar cycloadditions, nucleophilic addition reactions, and radical trapping reaction. Recently we 

described a one-pot method for the synthesis of isoindoles containing a quaternary carbon center under 

microwave irradiation catalyzed by Rh(III) and Cu(II). In this research, we describe rhodium(III)-catalyzed  

one-pot synthesis of nitrone derivatives which have quaternary carbon center from oximes and electron-

withdrawing group-substituted alkenes in the presence of Cu(OAc)2 . H2O. 
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Rh(I)-Catalyzed One-Pot Synthesis of Dialkyl Ketone via C-H and C-C 

bond Activations of allylic alcohol under Microwave Irradiation 
 

Chang-Hee Lee, Chul-Ho Jun* 

 
Department of Chemistry, Yonsei University, Korea 

  

The activation of C-H and C-C bonds by transition metal complexes has received considerable attention in 

organometallic chemistry.1 In particular, chelation assisted hydroacylation of alkenes or alkynes with 

aldehydes is important because the corresponding ketone is atom-economically produced.2 Herein, we 

developed chelation-assisted Rh(I)-catalyzed dialkyl ketone synthesis through C–H and C–C bond 

activations of allylic alcohol under microwave irradiation.3 In this process, the aldimine is formed through 

olefin isomerization of allyl alcohol under Rh(I) catalyst and condensation with 2-amino-3-picoline. And 

the resulting aldimine compound reacts with the alkene via continuous C–H and C–C bond activations 

under chelation assisted Rh(I) catalyst to produce the dialkyl ketone. The addition of piperidine accelerates 

the reaction rate by promoting aldimine formation under microwave conditions. 
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Unsymmetrical Synthesis of Disubstituted Pyridines by One-Pot 

Orthogonal Palladium-Catalyzed Cross-Coupling Strategies 
 

Seo-Eun Kim, Wonsuk Kim1,* 

 
Ewha Womans University, Korea 

1Chemistry Department of Nano-Science, Ewha Womans University, Korea 

  

Heterocycles including pyridine are one of the most widely studied classes. Pyridine derivatives are found 

in biologically active natural products and particularly important in the pharmaceutical and agrochemical 

fields. Due to their usefulness in the aforementioned areas, several synthetic methods employing transition 

metal catalysis or organocatalysis have been developed. However, efficient synthetic methods are still 

necessary for the preparation of disubstituted pyridines. Herein, we report that the chemoselective Suzuki-

Miyaura cross-coupling reactions for the synthesis of unsymmetrical disubstituted pyridines via a one-pot 

reaction employing two different boronic acids. 
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Development of Blue Thermally Activated Delayed Fluorescence 
Emitters Using a D-A Structure with a Bridging m-Xylyl Group 
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The development of organic light emitting diodes (OLEDs) for display devices has attracted significant 

attention over the past decade. In recent years, thermally activated delayed fluorescence (TADF) has 

attracted a lot of interest because TADF enables ultimate internal quantum efficiency (IQE) through reverse 

intersystem crossing (RISC) from the triplet state (T1) to the singlet state (S1). Nonetheless, in contrast to 

red and green emitters, blue emitters require a wide band gap, so only a few examples of blue TADF 

emitters have been reported. Herein, we report new donor-Bridge-acceptor blue TADF emitters using 

triphenylamine as an electron donor and quinoxaline (1)/quinazoline (2) as electron acceptors along with a 

bridging m-xylyl group. These two emitters showed blue fluorescence with the emission maxima near 450 

nm in solution and film. The transient photoluminescence (PL) clearly showed both prompt PL and delayed 

PL, confirming that the emitters are able to harvest both singlet and triplet states. Details of synthesis, 

photophysical properties and device data will be presented. 
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Palladium Catalyzed Enantioselective Cycloreduction of 1,6-Enynes 

and Enediynes by Use of Chiral Phosphoramidite Ligands and 
Synthetic Approach of Capnellene via Palladium-Catalyzed 

Cycloreduction 
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Recently we reported that Pd-catalyzed asymmetric cycloreductions of 1,6-enynes for monocyclic 

compounds and synthesis of enediyne for tricyclic compound. Especially 3,3’-substitution of chiral 

phosphoramidite ligand showed good yield and enantioselectivity.Herein, we wish to report that chiral 

phosphoramidite ligands having 3,3’-substituted on binaphthol skeleton enhanced catalytic activity and 

enantio selectivity. Pd-catalyzed cycloreduction of enediyne was also studied to give tricyclic compounds, 

which is able to be used in total synthesis of Capnellene. Capnellene have demonstrated potential as a 

pharmaceutical agent with antibacterial, anti-tumor properties and anti-inflammatory. 

 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-508 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
A two-photon ratiometric probe for calcium ions and its application in 

spinal cord injury 
 

Chang Su Lim, DongJun Lee1, Hwan Myung Kim1,* 
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Intracellular Ca2+ ([Ca2+]i) play a role in controlling various cellular functions.1 Abnormal [Ca2+]i is related 

to human disorders such as neurodegeneration, heart disease, and skeletal muscle defects.2 Most probes for 

Ca2+ also limit their applications in live sample imaging due to the turn-on response process, rapid 

photobleaching, and short wavelength excitation light, which can cause photodamage, and have limited  

tissue imaging depth.A appropriate approach is the use of an emission ratiometric probe with two-photon 

microscopy (TPM), which employs two near-infrared photons as the excitation source.3 The TPM has 

become one of the most influential technique for imaging studies in living systems, due to its advantages 

including greater tissue penetration depth, localization of excitation, low photo-damage, and longer 

observation times.4We developed a ratiometric two-photon probe for [Ca2+]i two-photon brightness. Using 

ratiometric TPM imaging, we can perform the quantitative analysis of [Ca2+]i in live neurons and tissues. 

This probe derived from dual dyes with different Stokes shifts and probe had dual channel, Ca2+ sensing 

window and internal reference window, without FRET interference. This ratiometric probe can analyze 

quantitative [Ca2+]i in live cells and tissues including rat spinal cord tissue. 

References 

1 Emerit, J.; Edeas, M.; Bricaire, F. Biomed. Pharmacother. 2004, 58, 39. 
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Iron-Catalyzed Nucleophilic α-Amino Radical Addition-Cyclization 

Reactions to Electron-Deficient Olefins 
 

Joon Young Hwang, Eun Joo Kang* 

 
Department of Applied Chemistry, Kyung Hee University, Korea 

  

Iron polypyridyl complex-catalyzed oxidative radical cyclization with nucleophilic α-amino radicals and 

electron-deficient olefins was achieved. Iron polypyridyl complexes have a range of redox potential (E1/2 = 

+0.82~1.10 V), which could oxidize tertiary amines, anilines and enamines (Eox = 0.8~1.0 V).1 One electron 

oxidation of tertiary amine by Fe(III) complex and further deprotonation of amine radical cation offers 

nucleophilic α-amino radical species, which is reactive to N-substituted maleimides and electron-deficient  

alkenes.2 Under optimal condition, we synthesized various tetrahydroquinoline derivatives. Additionally, 

the synthetic utility of this reaction was presented in the further transformation to pyrroloquinoline and 

tetrahydropyridazinedione of products.3 Herein, we present oxidative cycloaddition of tertiary amines with  

electron-deficient olefins under easy operation and high catalytic efficiency. AcknowledgementThis work 

supported by the GRRC program of Gyeonggi province (GRRCKyungHee2017-A01) and National 

Research Foundation (NRF-2015R1D1A1A01060349). Reference1. a) Ju, X.; Li, D.; Li, W.; Yu, W.; Bian, 

F., Adv. Synth. Catal. 2012, 354, 3561. b) Comito, R. J.; Finelli, F. G.; MacMillan, D. W. C., J. Am. Chem. 

Soc. 2013, 135, 9358. 2. Zhu, S.; Das, A.; Bui, L.; Zhou, H.; Curran, D. P.; Reuping, M., J. Am. Chem. Soc. 

2013, 135, 1823.3. Nishino, M.; Hirano, K.; Satoh, T.; Miura, M., J. Org. Chem. 2011, 76, 6447. 
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Cu(I)-Catalyzed Multicomponent Reactions for Highly π-Extended 

Carbazoles 
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Carbazoles constitute an important class of alkaloids that exhibit a wide variety of biological and 

pharmacological activities and unique thermal and electric properties. Specifically, benzo[b]carbazoles 

display a broad range of activities including antitumor, anti-cancer, anti-inflammatory, antifungal, 

antiestrogenic, and kinase inhibitory activities. In addition, highly π-extended benzocarbazoles are widely  

used as building blocks for organic light-emitting diodes, semiconductors, polymers, and chemiluminescen t  

and electroluminescent materials. Due to the highly useful nature of carbazole-based frameworks, a number 

of methods for their synthesis have been developed. However, these approaches include intramolecular 

cycloadditions of building blocks prepared through multistep operations, generating products with limited  

substitution patterns. Therefore, the development of efficient approaches to aryl-annulated carbazole 

derivatives with diverse substitution patterns from commercially available feedstock is highly 

desirable.Based on the significant potential of 2-nitrosyrenes as the building for the construction of diverse 

carbazoles, herein, we disclose an unprecedented Cu(I)-catalyzed reactions of 2-nitrocinnamaldehydes with  

two equivalents of benzyl cyanides in the presence of a mild base to provide a diverse array of tetracyclic 

benzo[b]-carbazoles, pentacyclic naphtho[2,1-b]- and dibenzo[a,h]carbazoles, and hexacyclic 

benzo[a]naphtho[1,2-h]carbazoles (Scheme 1). The reaction proceeds via a sequential Michael addition/ 

intramolecular addition of an enol intermediate into a nitro group followed by a series of transformations 

to set the penultimate 6π-electrocyclization and the final oxidative aromatization. Some of the carbazole 

derivatives showed a significant potential to be used as an environmentally sensitive fluorescence sensors 

for Cu2+ ions. 
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Synthesis of N-containing Polycyclic Systems via an Oxidative 

Mannich-type Cyclization 
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Tetrahydroisoquinoline derivatives (THIQs) are heterocyclic compounds which consist of hydrogenated 

form of isoquinolines and they are often found as building blocks in organic synthesis or pharmaceuticals 

with a wide variety of biological activities. For example, THIQ and its derivatives have been reported as 

antagonists of dopamine D2 receptors, which would be applicable to development of therapeutic candidates 

for treatment of Parkinson’s diseases.The oxidative C-C bond formation of amines with nucleophiles has 

received considerable attention in organic synthetic community. While many examples of the 

intermolecular reactions have been reported, the intramolecular reactions are somewhat limited. Several 

cyclization reactions of amines with nucleophiles using transition metals such as Fe, Pd, Cu and Ru as 

oxidants have been reported, but intramolecular oxidative Mannich type cyclizations of ketones are still 

rare. Thus, the synthesis of N-containing polycyclic systems via direct C-H activation of cyclic amines such 

as tetrahydrosioquionolines under mild metal-free conditions is challenging. In this presentation, our 

synthetic approaches towards tetrahydroisoquinoline derivatives (THIQs) via oxidative Mannich 

cyclization are described. Our synthetic plan includes a conjugate addition reaction of cyclic amines  

followed by an intramolecular Mannich cyclization to afford N-containing tricyclic system, which would 

be tetrahydroisoquinoline derivatives. In addition, further expansion of this strategy to development of a 

chemical library of quinolizidine derivatives will be discussed. 
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Efficient Synthesis of 1-Sulfonyl and 1-Sulfamoyl-1,2,3-Triaozoles 

Employing Continuous Flow Microreactor 
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1-Sulfonyl-1,2,3-triazo les are useful compounds which can be serve as a precursor of reactive azavinyl 

carbenes. Because of their weak N1-N2 bond, they can easily transform to diazoimines through ring-chain 

tautomerization and it leads to subsequent conversion to the transition metal-carbene complexes. Thus, 

many different batch-type methods for the preparation of 1-Sulfonyl-1,2,3-triazo les have been developed. 

However, most batch-type conditions require long reaction time. Herein, we report an efficient method for 

the synthesis of 1-sulfonyl- and 1-sulfamoyl-1,2,3-triazo les employing continuous flow microreactor in s 

short residence time. In addition, we generated N-allylated (Z)-amino vinyl carboxylates with α-imino  

Rh(Ⅱ) carbenoids derived from triazoles by using an flow synthesis system. 
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Amino-Polystyrene Supported Hexaethylene Glycol-Bridged Ionic 
Liquid as an Efficient Heterogeneous Catalyst for Water-Mediated 

Nucleophilic Hydroxylation 
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We report here a simple and eco-friendly protocol for the construction of an amino-polystyrene supported 

hexaethylene glycol-bridged ionic liquid (APS-HEGBIL) via copolymerization of 1-vinyl imidazo lium 

ionic liquid bearing hexaethylene glycol moieties with amino-styrene, along with its characterization by 

several analytical and spectroscopic techniques. The resulting APS-HEGBIL catalyst was shown to be 

remarkably efficient in the selective nucleophilic hydroxylation of alkyl halides to produce the 

corresponding alcohols using water as a green solvent as well as a nucleophilic hydroxide source. The 

catalyst could be easily recycled, maintaining its catalytic activity and stability even after ten cycles with 

excellent yields. The main attributes of this catalyst include not only significantly enhancing the 

nucleophilicity of water in the reaction, but also promoting the conversion of polar and base-sensitive alkyl 

halide reactants to alcohols in excellent yields over a short reaction time. The combination of the 

advantageous properties of ionic liquids and polymeric materials affords quasi-homogeneous catalysts that 

are very easily recycled by simple filtration, which provides an environmentally benign technique for 

carrying out catalytic procedures. 
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A Two-photon Fluorescent Probe for Carboxylesterase-2 Activity In 
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Carboxylesterase (CEs) is a group of the serine hydrolase that catalyze hydrolytic reactions with various 

endogenous and exogenous substrates.1 The abnormal activity of CE1 and CE2 is closely related to human 

diseases. Especailly CE2 has become increasingly interested because the level of CE2 expression is altered 

when cancer develops.2 Previously, a lot of fluorescent probes have been developed to detect CE2 activity 

such as fluorescein diacetate (FDA).3 However, these probes have some limitations of imposed by 

fluorescence turn-on responses using a single detection window, short excitation wavelength, pH-

sensitivity and instability in biological environment. An alternative approach for the detection of CE2 in 

live cell is a two-photon microscopy (TPM) with a ratiometric two-photon probe.In this work, we have 

developed a new emission ratiometric TP probes that selectively detect CE2 activity in living sample. These 

probes can be easily loaded into the cells and shows a remarkable blue-to-yellow emissive color change in 

response to CE2. 
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Nucleophilic Fluorination 
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Nucleophilic fluorination reaction is very important in PET(Positron Emission Tomography) and Medicinal 

Chemistry. Because F-18 has relatively short half life, it have to be introduced to biomolecules in short 

time. So in last few decades, many methodologies for fast F-18 radio fluorination have been studies. In our 

study, we synthesized calix[4]arene based (PTC) phase transfer type promoter for fluorination. There are 

two moiety; one is crown ether, the other is polyethylene glycol. They have been also known as PTC in 

previous studies. So we combined them in one molecule expecting they can exhibit synergetic effect for 

PTC. We expect this promoter for fluorination can be used as efficient promoter for production of PET 

probes. 
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for Diverse N-Arylpyrazoles from Arylhydrazine Hydrochloride 
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Pyrazoles are among the most significant heteroaromatic compounds widely found in biologically and 

pharmacologically active molecules. They exhibit a variety of biological properties including anti-

inflammatory, antibacterial, analgesic, antifungal, antipyretic, antiviral, anticancer, antidiabetic, antiobesity, 

and plant growth regulating activities, as well as protein kinase, Cox-2, and HIV-1 reverse transcriptase 

inhibitory functions. They have been used as valuable building blocks and structural motifs in the synthesis 

of natural products, agrochemicals, dyes, and medicines. Moreover, pyrazoles are employed as ligands, 

cosmetic colorings, and UV stabilizers. To date, a number of substituted N-arylpyrazoles including 

difenamizole, celebrex, rimonabant, and fipronil have been commercialized as pharmaceuticals and 

insecticides. Typical approaches towards the synthesis of pyrazoles are based on the reaction of hydrazines 

with 1,3-dicarbonyl compounds or unsaturated hydrocarbons by condensation and oxidation sequence, the 

reaction of aryl amines with 1, 3-dicarbonyl compounds forming β-amino α,β-enoates or enones, which 

would react further with nitriles. Accordingly, there is a demand for a facile one-step approach for the 

synthesis of pyrazoles.Herein, we present synthesis of polysubstituted N-arylpyrazoles by oxidative [2+2+1] 

cycloaddition of readily available arylhydrazine hydrochlorides with β-enamino esters by using indium (III) 

catalyst (Scheme 1). This protocol proceeds via Michael-type addition followed by the elimination reaction, 

and aerobic oxidation in the presence of a silver catalyst leading to the final product. 
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A series of 1,2-bis[N-(N-alkylpyrrolidinium)]alkane salts have been synthesized as new organic ionic 

plastic crystals (OIPCs). Bis-ethyl(propyl, butyl, hexyl)pyrrolidinium Br(hexafluorophosphate, 

bis(trifluoromethylsulfone)imide salt shows multiple solid-solid phase transitions. However, its I- salts do 

not have any transition. Thermal stabilities of the salts were investigated by thermal gravimetric analysis; 

halide salts are less stable than PF6 or Tf2N salts. 1,2-bis[N-(N-butylpyrrolid inium)]ethane PF6- show a 

relatively small entropy of fusion, ΔSf = 26 J mol-1 K-1, which is a close value of Timmermans’ definition  

of plastic crystals (ΔSf = 20 J mol-1 K-1). 
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Merocyanine-sulfonate photoacid have been reported over the past few years for controlling proton transfer 

in chemical, material and biological processes. Sulfonate-functionalized merocyanine photoacid (MEH) 

undergoes a cyclization reaction under visible light to form a protonated spiropyran (SPH), which is highly 

acidic. Sulfonate-functionalized merocyanine acts as a photoacid. On irradiation of visible light, it can 

reversibly change magnitude of proton concentration. Protonated spiropyran (SPH) releases a proton to 

form a spiropyran. In this study, merocyanine-sulfonate type photoacid has been synthesized and its 

reversible photochromic reaction has been investigated by absorption and fluorescence spectroscopic 

methods. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-519 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Total Synthesis of S-deoxo-[aTrp4]-α-Amanitin: A Synthetic Analogue 
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Amanita phalloides and Amanita verna are mushrooms with lethal toxicity. α-Amanitin has tremendous 

attention to the Antibody Drug Conjugate (ADC) communities as a DNA damaging agent in ADC studies. 

Amatoxins are bicyclic octapeptides, characterized by a thioether bridge between cysteine and tryptophan 

side chains and by the presence of uncommon hydroxylated amino acids. The toxin shows a remarkab le 

binding affinity for eukaryotic RNA polymerase II. Inhibition of RNA polymerase II compromises cellular 

homeostasis and leads to apoptosis.α-Amanitin is an extremely toxic natural product, consisting of eight 

amino acids (Asn-hPro-DHIle-hTrp-Gly-Ile-Gly-Cys) (Bridge: 4-8). α-Amanitin is usually isolated from 

Amanita phalloides mushrooms or from pure cultures with very low yields and the flexibility for further 

modifications are limited. The use of complete synthetic routes to amatoxins may offer the supply of large 

quantities required for therapeutic use. No entire solution phase synthetic approach to the relevant 

amatoxins has been reported so far. Hence there is a high necessity for convenient synthesis of a bicyclic 

octapeptide which can provide access to bioactive amanitin analogues.Herein, we describe the total 

chemical synthesis of a S-deoxo-[aTrp4]-α-Amanit in, a synthetic analogue of α-Amanitin comprising  

unnatural amino acids, such as enantiomerically pure dihydroxyisoleucine, 6-aminotryptophan, and trans-

4-hydroxyproline. Cyclisation and cross-linking strategies that are unprecedented for the synthesis of cyclic 

and bicyclic peptides will be presented. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-520 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
1,2-bis[N-(N-alkylpiperidinium)] salts Organic Ionic Plastic Crystals 

 

do hyeong Lee, Minjae Lee* 

 
Department of Chemistry, Kunsan National University, Korea 

  

A series of Bis piperidinium salts have been synthesized as new organic ionic plastic crystals (OIPCs). Bis-

ethyl(propyl, butyl, hexyl)piperidinium-ethane salt shows one solid-solid phase transition. Bis-ethyl(propyl, 

butyl, hexyl)piperidinium-butane salts have multiple solid-solid phase transitions. Thermal stabilities of the 

salts were investigated by thermal gravimetric analysis; halide salts are less stable than PF6 or Tf2N salts. 

1,2-bis[N-(N-ethylpiperidinium)]ethane hexafluorophosphate show a entropy of fusion, ΔSf = 11 J mol-1 

K 1, which is a satisfies value of Timmermans’ definition of plastic crystals (ΔSf = 20 J mol-1 K 1). 
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Reversible Photochromic Reaction of Spiropyran-Triazine 

 

Goeun Choi, Eun Ju Shin* 

 
Department of Chemistry, Suncheon National University, Korea 

  

Spiropyran derivatives have been extensively studied as typical photochromic molecules. The colorless 

non-fluorescent spiropyran form is converted into colored fluorescent merocyanine form upon ultraviolet 

(UV) irradiation. Spiropyrans are attractive platforms in such constructions due to their unique 

photochromic property and molecular recognition ability. ALthough the neutral spiropyran form cannot act 

as a chelating ligand for metal cations, the zwitterionic open merocyanine form has the negatively charged 

phenolic oxygen moiety that can act as an efficient ligand for protons and metal ions. Nitrogen ligand such 

as triazine could give additional chelation site. Therefore, a new spiropyran derivative containing triazine 

moiety was designed and synthesized. In this study, photochromic reaction of spiropyran-triazine has been 

investigated by ultraviolet-visible absorption and fluorescence spectroscopic measurements. 
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Rhodamine-Coumarin Chemosensor 

 

YEJI NA, Eun Ju Shin1,* 

 
Suncheon National University, Korea 

1Department of Chemistry, Suncheon National University, Korea 

  

Rhodamine dyes are widely used as colorimetric and fluorescent chemosensors for the detection of various 

metal cations, owing to their strong absorption and fluorescence in the visible region accompanying by the 

structural change from the nonfluorescent and colorless spirolactam ring-closed form to strongly 

fluorescent and pink-colored ring-opened form. Coumarin is a fragrant organic chemical compound in the 

benzopyrone chemical class, It is a natural substance found in many plants. Coumarin, the water soluble 

and blue fluorescent (410~470 nm) dye, is used as a gain medium in some dye lasers, and as a sensitizer in 

older photovoltaic technologies. Combining two fluorescent dyes of rhodamine and coumarin is expected 

to exhibit very interesting physical and chemical properties. We report here a rhodamine-coumarin dyad as 

a candidate of chemosensor for a specific metal cation. 
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Absorption and Fluorescence Studies of Rhodamine-Quinoline Dyad 

 

HEEWON CHOI, Eun Ju Shin1,* 

 
Suncheon National University, Korea 

1Department of Chemistry, Suncheon National University, Korea 

  

Rhodamine is excellent photophysical performances, such as long wavelength absorption and fluorescence 

emission located in the visible region, making it a nice platform for fluorescent molecular sensor design. In 

recent years, selective optical receptors for the detection of environmentally and biologically important  

metal cations have received extensive attention for designing and development of colorimetric and 

fluorimetric chemosensors. We report here a rhodamine-based colorimetric sensing probe for the selective 

detection of metal cation. Rhodamine-Quinoline dyad has been prepared and characterized by IR, 1H NMR, 

and 13C NMR spectra. Its absorption and fluorescence spectroscopic properties have been investigated. 
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Preparation and Spectroscopic Properties of Spiropyran Derivatives 

with Picoline Moiety 
 

YEJIN YU, Eun Ju Shin1,* 

 
Suncheon National University, Korea 

1Department of Chemistry, Suncheon National University, Korea 

  

Spiropyran is the most widely studied photoswitchable compound, Spiropyran undergoes reversible 

structural transformation between a colourless SP form and a coloured MC form upon light, heat, or 

chemical stimulus, which has been shown to exhibit sensitive colour changes due to the absorption spectral 

changes. A new spiropyran derivative containing picoline moiety was designed and synthesized, 

Photochromic behavior of spiropyran-picoline has been investigated by ultraviolet-visible absorption and 

fluorescence spectroscopic measurements. 
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Photoactive Conjugated Polyelectrolyte Micelles 

 

YEONJIN JANG, Seoung Ho Lee* 

 
Department of Applied Chemistry, Daegu University, Korea 

  

Herein, we demonstrated that a self-assembled conjugated polyelectrolyte micelle (CPM) induces very 

sensitive signal transduction involving amplified fluorescent changes, which marks a strong difference with  

the numerous fluorescence-based assays that have been developed for the sensitive detection. 
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Phosphorus(III)-Mediated Deoxygenative Geminal Difunctionalization 

of 1,2-Dicarbonyl Compounds via the Kukhtin-Ramirez Reaction 
 

Garam Choi, Ha Eun Kim, Won-jin Chung* 

 
Department of Chemistry, Gwangju Institute of Science and Technology, Korea 

  

In general, synthetic approaches to a difunctionalized carbon center with both an electrophile and a 

nucleophile require a reactive carbene intermediate. However, it is also feasible to access the carbene-like 

reactivity by employing dioxphospholene. Trivalent phosphorus compounds are known to form 

dioxaphospholenes as 1:1 adduct with 1,2-dicarbonyl compounds by the Kukhtin–Ramirez reaction.1 

Recently, the Radosevich group successfully employed the unique reactivity of these intermediates for 

deoxygenative O-H and C-H instertions.2 The electrophile in the previous study was limited to proton, and 

we aim to develop difunctionalizations of carbon center with a non-proton electrophile and a nucleophile. 

Currently, the reactions between trivalent phosphorous reagents and 1,2-dicarbonyl compounds are 

examined. With these data in hand, we will investigate deoxygenative difunctionalization of 

dioxaphopholene with halogen electrophiles. 

 

References 

1. Osman, F. H.; El-Samahy, F. A. Chem. Rev. 2002, 102, 629–678.  

2. (a) Zhao, W.; Yan, P. K.; Radosevich, A. T. J. Am. Chem. Soc. 2015, 137, 616–619. (b) Zhao, W.; Fink, 

D. M.; Labutta, C. A.; Radosevich, A. T. Org. Lett. 2013, 15, 3090–3093. (c) Miller, E.; Zhao, W.; Herr, 

J.; Radosevich, A. T. Angew. Chem. Int. Ed. 2012, 51, 10605–10609. 
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A simple fluorescence Probe for sensitive and selective detection of 

NADH 
 

Sun Woo Lee, Seoung Ho Lee* 

 
Department of Applied Chemistry, Daegu University, Korea 

  

We report a simple and easy strategy for NADH detection at low concentrations. A fluorescent probe, 

diboronic pyrene (Py-dBOH) compounds, was designed as a NADH sensor with high electivity and 

sensitivity. The initial fluorescence of Py-dBOH displays well-defined monomer fluorescence in aqueous 

buffer solution. We found that Py-dBOH exhibits self-assembly behaviors with strong intermolecular 

excimer emission in the presence of NADH. 
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Unusual Hexagonal semi-tubular structure derived by self-assembly of 

terminal modified β-helical foldamer 
 

Danim Lim, Hee-Seung Lee* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

An area of microstructures derived from self-assembly natural as well as unnatural peptide have been shown 

diverse applications in various fields ranging from medicinal chemistry to nanotechnology. Particularly, 

self-assembled structures derived from unnatural peptide sequences – ‘foldamer’, have been exhibited  

intriguing physical properties which is otherwise difficult to achieve with natural sequences. Additionally, 

synthetic amino acid contained enhanced physical and chemical stability of oligomeric sequence. We 

envisioned that a simple modification at the terminus of oligomer could be an effective strategy to enhance 

the physical and chemical stability. In this regard, we have appended bis(benzyloxy)benzyl moiety at the 

C-terminus of short helical β-peptide and studied self-assembled structure and its physical properties. The 

peptide was prepared by coupling bis(benzyloxy)benzyl amine with the carboxylic acid part of trans-ACPC 

(trans-2-aminocyclopentanecarboxylic acid) hexamer building block. The morphological analysis of 

designed oligomer was carried out by using SEM, TEM and AFM. TEM image showed that the edge of the 

tube is hollow compare to the middle of the tube is filled up so that showing the unique semi-tubular 

structure. TGA analysis showed that this semi-microtube has thermal stability up to 300 ºC. In addition, the 

structure was remained stable under the acid treatment even for 15 hours. Showing the increase of both 

physical and chemical stability compare to the foldamer comparison. This simple terminal modification  

strategy of foldamer will pave the way to enhance both physical and chemical stability of self-assembled 

structure of peptide. 
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Development of fluoride ion sensor and their application in 

methodology 
 

Ga Eun Lee, Young Ju Lee1, Kye Chun Nam2,* 

 
Department of Chemistry, Chonnam National University and Korea Basic Science Institute, Korea 

1Korea Basic Science Institute, Korea 
2Department of Chemistry, Chonnam National University, Korea 

  

Among the range of biologically important anions, fluoride is of particular interest owing to its established 

role in preventing dental caries. The fluoride ion has also been examined extensively as a treatment for 

osteoporosis. In pursuit of fluorescent fluoride ion a naphthalene urea derivative 1 was synthesized and its 

fluorescent spectral characteristics with fluoride ions was investigated. Two new naphthalene urea 

derivatives 2, 3 that were selective ‘naked-eye’ fluoride ion sensors were synthesized by introducing a nitro 

group and their anion binding properties were investigated by UV-vis spectroscopy and color changes.For 

the application of fluoride chemosensors, fluoride detection will be tested for nucleophilic substitution 

between aryl alkoxide and aryl fluoride in various synthetic reactions. 
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Single Atom Mutation of a β-peptide Foldamer to Change Sidechain 

Orientation 
 

Byung-Chang Oh, Eun-young Yoon1, Jintaek Gong2, Hee-Seung Lee* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

1Korea Research Institute of Chemical Technology, Korea 
2Natural Science Research Institute, Korea Advanced Institute of Science and Technology, Korea 

  

Foldamer is an appropriate non-biological analogue of biomacromolecular structure, since the folded 

geometry of which is determined by its backbone and sidechains. Hence controlling the residue distribution 

is important fundamental study for foldamer design. In this work, we have changed the sidechain orientation 

in β-peptide foldamer series by a single atom mutation. A cyclic β-amino acid ATC ((R,R)-4-

aminotetrahydrofuran-3-carboxylic acid) was prepared as an oxygen-containing analogue of (S,S)-ACPC. 

With these two building blocks, a series of hexapeptide foldamer containing one ATC and five ACPC 

residues was synthesized. While all six foldamers maintain 12-membered helix in both solid and solution 

state, only four entities that contain their ATC residue at the certain position showed the distinct 

conformation having triangular sidegroup distribution in the single crystal state. By comparison of the 

foldamer crystal structures, we could suggest a hypothesis that relates the effect of ATC on foldamer 

scaffold and the condition to induce such 'helix-releasing' phenomena. That is, an introduction of a single 

oxygen atom instrad of a carbon increases the dihedral angle θ at the residue, and a foldamer that has θ 

larger than a certain threshold distorts its backbone. This study can provide a rational guideline to predict 

a foldamer's exact secondary structure from its sequence information, which will be crucial for utilizing the 

peptide foldamers. 
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3D Molecular Architectures with Concave-Faced Cuboid Shape by the 

Self-Assembly of Chimeric Foldamer of 11- and 14/15-Helix 
 

Jae-Hoon Eom, Rokam Jeong, Jintaek Gong1, Hee-Seung Lee* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

1Natural Science Research Institute, Korea Advanced Institute of Science and Technology, Korea 

  

Research on self-assembly is a very attractive field as a methodology for mimicking the sophisticated three-

dimensional structures of natural system. The design of the building block is very important to understand 

the formation principle of the complex structure, and foldamers are good candidates due to its simple and 

rigid secondary structure. Our group recently reported various foldectures which have very uniform and 

well-defined 3D architectures by the self-assembly of peptide foldamers. However, these foldectures 

consist of simple homogeneous helices of eleven or twelve type. To better understand the correlation  

between the helical type and the three-dimensional structure, it is necessary to study the foldamers mixed  

with various helical types. Herein we report a new foldecture which has a concave-faced cuboid shape by 

the self-assembly of chimeric foldamer of 11- and 14/15-helix. Foldamer packing motif was revealed by 

X-ray diffraction method and provides an important structural information to build an unusual 3D 

architecture. This study will play a important role in designing complex 3D architectures. 
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Foldectures from the Self-Assembly of Racemic α/β-peptide Foldamers 

 

Jae-Hoon Eom, Rokam Jeong, Jintaek Gong1, Kim Jaewook2, Hee-Seung Lee* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 
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2chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Foldectures are a family of microscale molecular architecture with highly homogeneous and 3D 

morphologies derived from the self-assembly of peptide foldamers. Foldectures composed of single 

enantiomer are demonstrated to have well-defined molecular packing structure analyzed by powder X-ray  

diffraction analysis(PXRD). Self-assembly with racemic peptide building blocks has rarely reported, while 

the studies on the racemic crystallization are known to be DNA or protein structures. Self-assembly of 

racemic foldamers give rise to new morphologies and properties. In this study, we used heptameric 

foldamer composed of α-amino acid (aminoisobutyric acid, Aib) and a cyclic β-amino acid (trans-2-

aminocyclopentane carboxylic acid, ACPC) in a α/β peptide foldamer. This hepta-peptide forms a stable 

11-helical secondary structure and yields truncated pyramid shape in assembly.We has recently reported 

that the self-assembled structure change by ratio and molecular packing structure of an elongated 

parallelogram plate shaped foldecture composed of a 1:1 racemic mixture of 11-helical peptide foldamers  

was resolved by PXRD. This researches is fundamental differences between self-assembling enantiopure 

peptidic material and racemic mixtures and understand the complex structures. 
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A Ratiometric Two-Photon Fluorescent Probe for Hydrogen 

Polysulfides and its application on a Parkinson’s Disease Model 
 

hyeonjin Choi, Won Tae Kim, Hwan Myung Kim* 

 
Department of Chemistry / Department of Energy Sys, Ajou University, Korea 

  

Hydrogen polysulfides (H2Sn, n>1) are Hydrogen sulfide (H2S) derived signaling molecules that are 

produced primary during the cross talk between H2S and reactive oxygen species (ROS)/ reactive nitrogen 

species (RNS). Earlier, it was believed that H2S is the main signaling molecule in the family of reactive 

Sulphur species (RSS); however, Evidences suggest that H2Sn might be the actual signaling molecules that 

activate ion channels, transcription factors, and tumor suppressors with higher potency than H2S.1,2 One 

example is S-sulfhydration.3 A number of H2Sn molecular markers have been reported using fluorescence 

spectroscopy to observe H2Sn in living systems in recent decades. However, most of them have limitations 

imposed by fluorescence turn-on responses and the short excitation wavelengths. An alternative approach 

for the detection of H2Sn is ratiometric imaging with two-photon microscopy (TPM).4 In this study, we 

developed a ratiometric TP probe for mitochondrial H2Sn. especially, using thioester carbamate as a H2Sn  

receptor moiety is greatly selective to H2Sn. using this sensitive selective probe, we observed mitochondrial 

H2Sn is generated more in PD neuron than in normal neuron. References1. Y. Kimura, Y. Mikami, K. 

Osumi, M. Tsugane, J. I. Oka and H. Kimura, FASEB J., 2013, 27, 24512. a) T. V. Mishanina, M. Libiad , 

R. Banerjee, Nat. Chem. Biol. 2015, 11, 457; b) H. Kimura, Proc. Jpn. Acad. Ser. B 2015, 91, 131.3. H. 

Kimura, Molecules, 2014, 19, 16146–16157.4. S. K. Bae, C. H. Heo, D. J. Choi, D. Sen, E. H. Joe, B. R. 

Cho and H. M. Kim, J. Am. Chem. Soc., 2013, 135, 9915–9923 
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Anion binding paradigm in meso-ethynyl extended calix[4]pyrrole 

 

ranjan dutta, Ji-Hoon Kim1, Chang Hee Lee* 
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Calix[4]pyrroles have been studied extensively as effective receptors for anions, ion-pairs and 

transmembrane anion transporter in recent years. A ‘Picket Calix[4] pyrrole’ represents a calix[4]pyrro le 

bearing aryl groups at diametrical meso-positions in cis-fashion when it becomes a cone conformation. We 

have investigated anion recognition properties of these classes of hosts using fluorescence dye displacement 

assay technique. Due to conformationally flexible nature and low energy barrier between different  

conformers, calix[4]pyrroles adopt many different conformations depending on the solvents and the meso-

substituents. In the case of the meso-aryl picket calix[4]pyrrole, the anion usually occupies the deep pocket 

created by the two, axially positioned meso-aryl groups. In order to clarify the binding modes of the meso-

picket calix[4]pyrroles upon anion binding, a meso-ethynyl extended aryl-picket calix[4]pyrrole is designed 

and synthesized by directly anchoring phenylethynyl groups at diametrically opposed meso-positions. 

Single crystal X-ray crystallographic analysis of the host-chloride complex revealed an unusual pseudo-

equatorial conformation of the bulky meso-phenylethynyl groups other than pseudo-axial conformation 

which is corroborated by solution state anion binding studies. Comparative anion binding properties and 

structure-property relationship for the ethynyl extended receptor and analogous systems will be presented 

in details. 
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[Withdrawal] Functionalized Self-Assembled Foldectures 

 

David Cho, Hee-Seung Lee1,* 

 
Korea Advanced Institute of Science and Technology, Korea 

1Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ORGN.P-536 

Area: Organic Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
The aggregation induced emission enhancement (AIEE) of 

Kaleidolizine 
 

Sang-Kee Choi, Hyun Gi Kim, Eunha Kim* 

 
Department of Molecular Science and Technology, Ajou University, Korea 

  

Many of Kaleidolizine(KIz) fluorescent compound exhibit fluorescence emission both in diverse organic 

solvent and in solid state due to its unique chemical structure. However, several Kaleidolizine derivatives 

have low fluorescent intensity in solution state but have high fluorescent intensity in their solid state. due 

to the aggregation-induced emission characteristic which was caused by the limited rotation of molecule in 

the single molecular state. Only a limited number of organic fluorescent dyes have been reported as 

representing AIEE characteristics. So Kaleidolizine, the new AIEE dye, can get over the limitation of 

concentration-quenching effect which has weak and poor sensitivity in very diluted solution. Here in, we 

report the aggregation induced emission of Kaleidolizine and it can be applied on solution polarity sensor, 

OLED and chemical sensor such as VOC detector. 
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Photophysical properties of 75 different Kaleidoscopic Indolizines and 

Potential Application for VOC Recognition 
 

Hyungi Kim, Sang-Kee Choi, Eunha Kim* 

 
Department of Molecular Science and Technology, Ajou University, Korea 

  

In recent year, numerous studies are currently under way to detect volatile organic compound(VOC). VOC 

is organic chemical that have a high vapor pressure in room temperature and easily evaporated into the 

atmosphere. Many of the VOC is harmful and can cause the severe health problem. Various disease such 

as carcinogenesis, nose and throat discomfort and headache are among the immediate symptoms that some 

people have experienced soon after exposure to some organics. Therefore, there are high demands for 

accurate and user friendly platform for VOC detection.Here we present low-cost, biodegradable and easy 

operative paper-based KIz (Kaleidoscopic Indolizine) VOC recognition system. KIz VOC recognition are 

based on 75 different indolizine-based fluorescent compounds having versatile photophysical properties. 

Experimental results showed high potential of the system for VOC recognition.Keyword : indolizine, 

structure photophysical property, fluorescent material, paper-based sensor, volatile organic compound. 
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Hypoxia detecting fluorescent probe using Seoul Fluor`s rational 

changing of fluorescent property at reducible condition 
 

Minchul Shin, Eunha Kim1,* 
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Hypoxia is a condition where oxygen is insufficient. Hypoxia is known for having relation with diseases 

such as stroke, heart attack, cancer. According to researches relating to tumor, rapid growing of tumor 

brings decreasing oxygen concentration in tissue and develops hypoxia condition. Therefore, detecting 

hypoxia condition in cellular level can be important challenge for studying cancer. Fluorescent is chosen 

for detecting sensor because of several advantages which contain high sensitivity, detection in living cell, 

high selectivity. In particularly, Seoul Fluor can be efficient fluorophore because Seoul Flour has feature 

that is changing fluorescent property as substituents are alternated. Herein we rationally design hypoxia 

detecting Seoul Fluor dye containing nitro group. At less oxygen condition, nitro group is tend to reduced 

to amine. Nitro group show quenching effect on dye that we design. consequently, this is expected to be 

“turn-on” in hypoxia condition 
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Asymmetric synthesis of piperidine alkaloids microcosamine A and 

microgrewiapine A from chiral azirines 
 

Lingamurthy Macha, Hyun-Joon Ha1,* 
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2-Methyl-3-hydroxy-6-alkylated piperidines constitute an important class of natural alkaloids with their 

interesting biological and pharmacological properties (anaesthetic, analgesic, antitumor, antibiotic, CNS 

stimulating biological properties, antihypertensive and antifungal activities etc.).A divergent, new, and 

highly stereoselective synthesis of 2-methyl-3-hydroxy-6-alkylated piperidine natural products including 

microgrewiapine, microcosamine has been accomplished from aziridine-2(S)- carboxylate as chiral pool 

starting material. Key features of the strategy include the utility of N-methylative aziridine ring opening 

reaction, intramolecular reductive amination reaction to form the piperidine framework in high yields and 

Julia–Kocienski olefination to install the triene side-chain.References: 1. For selected reviews of piperidine 

alkaloids, see:(a) H. Makabe, Stud. Nat. Prod. Chem., 2014, 42, 353–371; (b) I. Ojima and D. M. Iula, 

Alkaloids: Chemical and Biological Perspectives, Elsevier, Oxford, UK, 1999, vol. 13, p. 371–412.2. 

Representative references, for isolation, see: (a) P. C. Still, B. Yi, T. F. G. Cestari, L. Pan, R. E. Pavlovicz, 

H. B. Chai, T. N. Ninh, C. Li, D. D. Soejarto, D. B. McKay and A. D. Kinghorn, J. Nat. Prod., 2013, 76, 

243–249. (b) C. Viegas Jr., V. da S. Bolzani, M. Furlan, E. J. Barreiro, M. C. M. Young, D. Tomazela and 

M. N. Eberlin, J. Nat. Prod., 2004, 67, 908–910.3. C. Rajireddy, B. Latha, K. Warudikar, K.K. Singarapu, 

Org. Biomol. Chem., 2016, 14, 251–258. 
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Metastable species during the isomerization of C20 from dodecahedron 

into cage with 5 octagons and 2 pentagons 
 

minjeong jang, kyeong eun Hyun, Kee Hag. LEE1,* 
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1Department of Bio Nano Chemistry, Nanoscale Sci. & Tech. Institute, Wonkwang University, Korea 

  

Three kinds of density-functional including the dispersion interaction were used to understand the 

mechanism of isomerization of C20 from dodecahedron into cage with 5 octagons and 2 pentagons why no 

the isomerization of dodecahedron has been reported yet. From the 1st principle calculations, we could 

have two metastable species and three transition state species which were geometrically optimized without 

constraints. The results suggest that the process with a broken cage is more stable than without a broken 

cage in the thermodynamic point of view. 
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Bioinspired Silicification for Silica Nano-Helices via Catalytic Peptide-

Amphiphiles 
 

Ji Hun Park 

 
Department of Science Education, Ewha Womans University, Korea 

  

Bioinspired silicification, which adopts the mechanism found in diatom and glass sponges, has attracted 

considerable attention so far because of its mild conditions for the synthesis of silica nanomaterials. 

Although various nanostructures were formed by bioinspired silicification, the degree of complexity has 

not been comparable to nature's one. To achieve the tailored synthesis of silica nanomaterials, it is needed 

to provide the rationally designed template, which self-assembles to form desired nanostructures, 

maintaining catalytic activity for bioinspired silicification. Herein, I present the rationally designed peptide 

amphiphiles which form silica nano-helices via bioinspired silicification. The results will provide a 

chemical strategy to generate complex silica nanostructures, which could be utilized to expand the chemical 

scope of their applications. 
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Synthesis of Fluorescence Probes as Potential Tau Protein Tracers 
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Alzheimer's Disease (AD) is the most common neurodegenerative brain disorder, but there is no cure or 

confirmative diagnosing tool for AD. Research has confirmed the presence of two types of lesions in the 

cerebral cortex. One is amyloid plaques that found at the extracellular level and associated with amyloid  

beta peptide (Aβ), and the other is neurofibrillary tangles(NFTs), found inside the neurons. While 

researchers have extensively focused on amyloid plaques to overcome AD, recently human pathological 

studies have shown that NFTs density is directly correlated with neurodegeneration not Aβ. NFTs comprise 

bundles of paired helical filaments (PHFs) that result from the abnormal aggregation of 

hyperphosphorylated tau protein. NFTs have shown a significant correlation with the degree of cognitive 

impairment, and tau imaging has been reported as a more robust predictor of AD progression. Also optical 

imaging modalities do not use isotope labeling, making them attractive alternatives to the classical nuclear 

imaging techniques represented by Positron Eimission Tomography (PET). Thus, nonivasive imaging of 

tau aggregates has been emphasized as a diagnostic tool for AD. In this study, we tried to design novel 

probes selectively bind to tau aggregates on the basis of the structure of [18F]AV-1451 and diverse 

chromophores in order to emit the light in the NIR region. We will discuss detailed their fluorescence 

intensity and physicochemical properties. 
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Enantioselective Synthesis of the Northwestern Fragment of Tausalarin 

C 
 

Moo-Hyun Oh, Duck-Hyung Lee* 

 
Department of Chemistry, Sogang University, Korea 

  

A convergent and enantioselective synthesis of the northwestern fragment of tausalarin C, a bismacrolide 

isolated from the Madagascan sponge, has been achieved. The linear chain (C1-C14) comprising pre-

taumycin A consists of three key subunits. The tri-substituted double bond in each subunit was introduced 

via hydrostannylation and hydrozirconation. The stereochemistry of C4” and C5” were introduced by the 

Evans asymmetric aldol reaction, and the stereochemistry of C9” was derived from (S)-Roche ester. 

Palladium catalyzed Suzuki coupling reaction followed by addition of lithium butyl enolate provided the 

linear chain. After the esterification and amide coupling reaction using EDC and DMAP, the macrocycle 

was introduced using Maio's protocol. 
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Exploration of Phosphite Based Reductive Ligation of S-nitrosothiols 

 

Chung-Min Park 

 
Chemistry, Gangneung-Wonju National University, Korea 

  

S-Nitrosylation is a nitric oxide (NO)-mediated post-translational modification (PTM), which plays 

important regulatory roles in many biological systems. Although a large number of proteins have been 

suggested to be the targets of S-nitrosylation, the detection of S-nitrosylation is still a challenge. In the past 

several years bioorthogonal reactions of SNO with various phosphines have been aimed at developing new 

methods for detecting and labeling protein S-nitrosothiols. As it is known that azaylides as the key 

intermediates in these reactions can also be generated from phosphite substrates, we wondered if phosphites 

could be used to trap SNO. Here we present that the reaction with phosphites is selective for SNO (not for 

-SH, –S-S-, etc) like phosphine based ligations, but the products should be very different from the reactions 

with phosphine substrates. 
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Synthesis of new heterocyclic 4,5-dimethylthiazolium salts as a 

candidate of AGE-breaker 
 

JiSue Lee, Inseok ko1, Hakwon Kim* 
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Advanced glycation end-products (AGEs) are proteins or lipids that become glycated as a result of exposure 

of sugars. They can be a factor in aging and in the development or worsening of many degenerative diseases, 

such as diabetes, atherosclerosis, chronic renal failure, and Alzheimer’s diseases. Alagebrium (or ALT-711) 

and its analogs which have a 4,5-dimethylthiazolium moiety were known as AGE-breakers to break up 

some existing AGE crosslinks. In this work, we have synthesized new 4,5-dimethylthiazolium salts 

containing heterocyclic moieties as the AGE-breaker. 
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Synthesis and Biological Evaluation of Ergostenol and Its Glycosides 
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Applied Chemistry, Kyung Hee University, Korea 
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Natural spinasterol-glucose (3-O-β-D-glucopyanosylspinasterol), isolated from Stewartia koreana leaves, 

has been identified as a compound to exhibit a potent anti-inflammatory activity. Further biological 

investigations for spinasterol glycosides were needed, but due to the difficulty and inefficiency of isolation 

and synthesis of natural spinasterol and spinasterol glucose it has not been done. Therefore, we have 

designed and synthesized a new sterol, such as ergostenol((3β, 5α)-ergost-8(14)-en-3-ol), as the substitute 

for spinasterol. In present study, we will describe the synthesis and biological activities of ergostenol and 

its glycosides. 
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Asymmetric Synthesis of H1 Receptor Antagonist (R,R)-Clemastine 

 

Hee-Doo Kim*, Sun Young Lee  
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Clemastine (1) is an H1-receptor antagonist with excellent antihistaminic activity. Clemastine has two chiral 

centers, and is marketed as the  

(R, R)-enantiomer. These chiralities have a significant influence on potency. However, asymmetric 

synthesis of  

(R,R)-clemastine has not been reported to date. The first asymmetric synthesis of  

(R,R)-clemastine (1) has been accomplished by coupling of  

(R)-tertiary alcohol 2 and  

(R)-chloroethylpyrrolidine 3 via  

O-alkylation.  

(R)-Tertiary alcohol 2 was synthesized by stereoselective alkylation of chiral a-benzyloxy ketone with  

Grignard reagent via chelation-controlled 1,4-asymmetric induction. In the reaction, chiral benzyl group 

acts as a chiral auxiliary as well as a protecting group.  

(R)-chloroethylpyrrolidine 3 was prepared by asymmetric transformation starting from L-homoserine 

lactone, in which racemization-min imized  

N-allylation and ring-closing metathesis were involved as key steps. 
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Synthesis and Biological Evaluation of Natural and Unnatural Sterols 
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Natural spinasterol-glucose (3-O-β-D-glucopyanosylspinasterol), isolated from Stewartia koreana leaves, 

has been identified as a compound to exhibit a potent anti-inflammatory activity. Further biological 

investigation with spinasterol glycosides was needed, but due to the difficulty and inefficiency of isolation 

and synthesis of natural spinasterol and other sterols it has not been done. In this study, we have prepared 

stigmasterol, spinasterol, schottenol, dihydroergosteol and ergosteol. ergostenol and their 3-epimers to test 

for the anticancer activity. 
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Novel synthesis of 1,4-naphthoquinone derivatives and its biological 

evaluation 
 

eunyeong lee, Inseok ko1, hyunjin lee2, TAEHOON LEE2, Hakwon Kim2,* 
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Quinone moieties are widely distributed in nature and are the key pharmacophore of many clinically  

important drugs, such as anthracycline, daunorubicin, doxorubicin, mitomycin, mitoanthrone, and saintopin. 

Among the quinone derivatives, 2,3-disbustituted- 1,4-naphthoquinone show many interesting biological 

activities such as antitumor, antimalarial, antibacterial etc. Therefore, we have synthesized various 2,3-

disubtituted-1,4-naphthoquinone derivatives. We have evaluated the effect of 2,3-heterocyclic-1,4-

naphthoquinones on the survival of various cancer cell lines, and furthermore, we have verified the 

biological activity against anti-cancer immunotherapies. 
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Synthesis and Fine-Tuning of Redox Properties of Planar, Antiaromatic 

Naphthorosarins 
 

Dikhi Firmansyah, Jinhee Bae1, Hye Ryung Byon1,*, Chang Hee Lee* 

 
Department of Chemistry, Kangwon National University, Korea 

1Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Naphthorosarin possesses Huckel’s 24π antiaromatic character and is known to form a stable 25pi-system 

upon treatment with strong acid such as TFA and HCl. In spite of this interesting PCET (Proton couled 

electron transfer) activity, no other naphthorosarin derivatives especially bearing substituents on the 

periphery were reported due to limited accessibility to the key building block, naphthobipyrroles. With 

these regards, we developed new synthetic methods of naphthorosarins bearing substituents on the 

peripheral naphthalene moieties. The synthesized compounds were fully characterized by 1H NMR, HRMS 

and single crystal X-ray diffraction analysis. The photophysical and electronic effects of the peripheral 

substituents were also studied for better insight into the electron transfer reactions involved with PCET. 

The newly synthesized naphthorosarin derivatives exhibited a negligible changes in absorption spectra but 

1H NMR spectra revealed slightly decreased antiaromaticity upon electron withdrawing fluoride 

substitution on the peripheral naphthalene moieties. The free base has more negative reduction potential 

(ΔE ≈0.1 V) but the oxidation potential remained intact. The naphthorosarin bearing meso-(2,6-

dichloro)phenyl groups exhibited slower rate in single electron reduction upon treatment with acid. The 

findings presented here clearly demonstrates that the fine-tuning of the redox properties is possible by 

introduction of peripheral substituents on the antiaromatic naphthorosarin. 
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Synthesis and Biological Studies of Oligo Ribitol phosphate in S. 

aureus. Wall Teichoic Acid 
 

YoonChul JUNG, Hee-Seung Lee* 
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Methicillin-resistant Staphylococcus aureus (MRSA) is resistant to all known beta-lactam antibiotics which 

is the most widely used groups in antibiotics. Absence of appropriate MRSA treatment in terms of drug and 

vaccination has threatened public health and has increased healthcare burden worldwide. Recently, S. 

aureus. wall teichoic acid (WTA), that is displayed on peptidoglycan cell wall, has been reported to function 

as recognition molecule in immunogenesis between S. aureus. and host. Also, MRSA have been found to 

have specific WTA that possibly prevents recognition of host’s biomolecules during immune response and 

helps MRSA viable in host. This implies that WTA can be a new target molecule for the development of 

new antibiotics or vaccines against MRSA.Wall teichoic acid (WTA) of S. aureus. is mainly composed of 

alditol phosphate repeating units, tailored with alanine and GlcNAc. Because of their microheterogeneity, 

pure well-defined WTAs for biological or immunological evaluation cannot be obtained from natural 

sources.We here present a systematically designed and synthesized building blocks for the synthesis of 

series of ribitol phosphate (RboP) oligomers. Streamlined solution phase phosphoramidite chemistry 

enabled us the rapid generation of well-defined ribitol-based WTA oligomers and evaluation of their 

biological activities.With the ease in the synthesis of phospho-ribitol building blocks and oligomers, plenty 

of different analogues in terms of length, substituents on C4 and stereochemistry would be synthesized with 

precisely defined structures. Those could pave the way to rationalize MRSA vaccine with high efficiency  

in near future. 
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PdPt–Fe3O4 Catalyzed Reductive Amination of Nitriles with Nitro 

compound to Unsymmetrical Secondary Amines 
 

JIN HEE CHO, Sangmoon Byun1, Byeong Moon Kim1,* 

 
Seoul National University, Korea 

1Division of Chemistry, Seoul National University, Korea 

  

Recently, we have reported successful catalytic reduction of nitro compounds based upon PdPt–Fe3O4 

heterodimeric nanocrystals as novel magnetically recyclable catalysts. This new catalyst demonstrated the 

possibility to become an innovative and promising tool for the industrial application in the reduction of 

nitro compounds with its outstanding advantage such as high efficiency, sustainability and environment-

friendliness. Now, we present herein a new one-pot method developed for the selective synthesis of 

secondary amines via reductive amination of nitriles using the PdPt-Fe3O4 catalyst. The PdPt–Fe3O4 NPs 

are very efficient for catalyzing one-pot cascade hydrogenation of a nitro compound and the reductive 

alkylation of the resulting amine with an imine generated in situ from a nitrile compound. This method 

allows for the synthesis of unsymmetrical secondary amines with the advantage of avoiding the use of alkyl 

halides and/or carbonyl compounds.Thus, the new catalytic system offers a highly efficient and useful tool 

for potential industrial application in the reductive amination reaction of nitriles with nitro compounds. 
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One-Pot Cascade Nitro-Reduction and Reductive Amination, and 

Efficient Isoindolinone Synthesis by using AuPd-Fe3O4 
 

Ahra Cho, Sangmoon Byun, Byeong Moon Kim* 
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Metal-catalyzed reactions in organic chemistry have received increasing attention due to their efficiency  

and selectivity. To improve limitations of monometallic reaction systems including catalyst deactivation 

and requirement of base in some metal-catalyzed reactions, a bimetallic system is considered. Bimetallic  

systems can often provide useful means to overcome many drawbacks, combining the properties involved 

in the two individual metals. The synergistic effect of bimetallic system has been reported for divergent 

applications. Hereupon, we report on the preparation of AuPd-Fe3O4 bimetallic nanoparticles by a simple 

and fast synthetic route and the application of the nanoparticles toward practical synthesis of mono N-alkyl 

amines using tandem reduction of nitroarenes and reductive amination with aldehydes. Thus, the new 

catalyst system could offer a very sustainable, environment-friendly tool for potential industrial 

applications in the reductive amination reaction of nitro compounds. 
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Synthesis of bimetallic nanocatalyst Pd-Pt-Fe3O4 and its application to 

aryl halide silylation 
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Recently, we have developed a new bimetallic Pd-Pt-Fe3O4 catalytic system for the reduction of nitroarenes. 

It was found that this catalyst showed better activity in the reduction of nitroarenes compared to either of 

the monometallic catalysts. Based on these results, we employed the bimetallic catalyst Pd-Pt-Fe3O4 toward 

the coupling reaction with aryl halides and hydrosilanes.Transition metal-catalyzed silylations have 

typically been facilitated by the use of homogeneous non-recyclable catalytic systems. Herein, the first 

example of a recyclable catalytic system for the synthesis of arylsilanes is reported, which utilizes the 

bimetallic complex Pd-Pt-Fe3O4 nanoparticles. Various arylsilanes were prepared from the reaction of aryl 

iodides or aryl bromides through the use of hydrosilanes. This methodology shows decent functional group 

tolerance toward ester, ketone, aldehyde, nitro, and cyano groups. It was interesting to note that the 

bimetallic Pd-Pt-Fe3O4 catalytic system exhibits better activity than monometallic catalysts Pt-Fe3O4 or Pd-

Fe3O4. In addition, the bimetallic Pd-Pt-Fe3O4 catalytic system could be readily recovered and reused for 

over twenty cycles 
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The effects of substituents and linker types on perylene-based 

functional dyes with aggregation induced emission 
enhancement(AIEE) properties 
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Perylenebisimide(PBI) is a type of organic dye with high optical property which has intensively studied in 

the field of light harvesting systems, chemo-sensors and organic transistors. However, PBI-based dyes are 

subjected to aggregation caused quenching(ACQ) effect in high concentration and solid state due to its 

planar shape and strong intermolecular π-π interaction. ACQ effect resulting from the dissipation of energy 

in non-radiative decay leads to deterioration of fluorescence behavior, limiting the application of functional 

dyes. To circumvent this problem, we suggest a new concept of PBI dyes which show aggregation induced 

emission enhancement(AIEE) effect. Dyes with rotational functional groups show an increased 

fluorescence in aggregation state by the restriction of non-radiative energy dissipation as the intramolecular 

rotation is prohibited. Thus, new PBI dyes were synthesized with propeller-shpaed substituents such as 

triphenylamine(TPA), tetraphenyl-ethene(TPE) attached to the bay position of the perylene moiety. Also, 

we applied three types of linker(nitrogen, oxygen, and direct carbon bridge) between substituents and 

perylene core in order to find the relationship between the type of linkers and photophysical properties. 

Their absorption, fluorescence spectra, and quantum yield were measured and studied. AIEE activity is 

observed by adjusting the ratio of organic solvent and water, intentionally inducing the aggregates 

formation. 
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Anionic Conjugated Polyelectrolyte Micelles for Real – Time 

Monitoring of Alkaline phosphatase activity 
 

tae eun park, Jungmoo Lee1, Seoung Ho Lee* 
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An amphiphilic fluorophore containing a acetate ionic group and a coumarin moiety on each side of the 

alkyl chain has been newly designed for a alkaline phosphatase sensor. Fluorescence changes up on the 

addiotion of various metal ions show that CPM has high selectivity for the Cu2+ ion over other metal ions 

tested via fluorescence, i.e. 90% fluorescence quenching. The system, the Cu2+ ion complexed CPM, 

shows fluorescence enhancement, 92.3% fluorescence recovery. The activity of alkaline phosphatase (ALP) 

was successfully monitored by real-time turn-off assay. 
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New synthetic strategy for preparing 1,4,7,10-tetraazacyclododecane 

 

Eunju Jeong, Jung Youl Park1,*, Jeong In Yun* 
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1,4,7,10-tetraazacyclododecane (cyclen) is a macrocycle and the aza analogue of the crown ether 12-crown-

4. Cyclen-based macrocyclic ligands have an essential role in the development of contrast agent for 

magnetic resonance imaging (MRI). In this study, we discovered a new synthetic route for preparation of 

cyclen. 
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Synthesis of new potent biaryl sulfate core based hepatitis C virus 

NS5A inhibitors using SuFEx chemistry 
 

YOUNGSU YOU, Heejo Moon, Byeong Wook Kim, Byeong Moon Kim* 
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A chemoselective coupling reaction between an arylsulfonyl fluoride and an aryl silyl ether, which is known 

as the sulfur(VI) fluoride exchange (SuFEx) reaction, is regarded as new “click chemistry.” Our laboratory 

recently reported the discovery of biarylsulfate core based HCV NS5A inhibitors, which exhibit two-digit  

picomolar EC50 values against HCV genotype 1b and 2a. Herein, we demonstrate the utilization of the 

SuFEx chemistry to modify the structures of sulfate-core part of NS5A inhibitors for further optimization  

of antiviral activities against HCV. The products obtained through the SuFEx click reactions were obtained 

in high yields. Among the compounds prepared through the SuFEx chemistry, products with potent NS5A 

inhibitors had two-digit picomolar EC50 values against GT-1b and single digit nanomolar activities against 

GT-2a strain of HCV. In addition, the biotinylated probe targeting NS5A protein and nonsymmetrical 

inhibitors containing an imidazole and amide linkers at the opposite sides of the core sulfate structures were 

also synthesized through the use of the same synthetic methodology.Reference1. You, Y. S.; Kim, H. S.; 

Bae, I. H.; Lee S. Gi.; Jee M. H.; Keum G. C.; Jang S. K.; Kim B. M., Eur. J. Med. Chem. 2017, 125, 87.2. 

Bae, I. H.; Kim, H. S.; You, Y. S.; Chough, C.; Choe, W.; Seon, M. K.; Lee, S. G.; Keum, G.; Jang, S. K.; 

Kim, B. M.,Eur. J. Med. Chem. 2015, 101, 163.3. Bae, I. H.; Choi, J. K.; Chough, C.; Keum, S. J.; Kim, 

H.; Jang, S. K.; Kim, B. M., ACS Med. Chem. Lett. 2014, 5 (3), 255. 
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Synthesis of chiral polysulfates as a self-supported imidazolidinone 

organocatalyst for asymmetric Friedel-Craft reaction 
 

Woong-Sup LEE, Byeong Moon Kim* 
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Enantiopure imidazolidinone main-chain polymers were successfully synthesized through the Sulfur(VI) 

fluoride exchange (SuFEx) chemistry. A chemically modified, 1st generation MacMillan imidazolidinone 

monomer containing both silylether and sulfuryl fluoride groups were prepared and incorporated into 

polysulfates by the reaction of the sulfate click chemistry.These resulting polysulfates containing chiral 

imidazolidinone repeating units could be used as polymeric chiral organocatalysts for asymmetric Friedel–

Crafts alkylation of N-substituted pyrroles with α,β-unsaturated aldehydes. With the use of these polymeric 

catalysts, excellent catalytic activity and enantioselectivity were obtained, similar to those obtained by the 

corresponding monomeric catalysis in a homogeneous reaction. 
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Novel fluorophores based on “Click chemistry” through sulfur fluoride 

exchange (SuFEx) reactions 
 

Jisu Park, Byeong Moon Kim* 
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Chemical biology is essential for the study of biological processes in the living system. Especially, site-

specific biomolecule functionalization strategies such as spin probes and affinity tags have been greatly 

utilized for understanding biological system. However, a few drawbacks including side reactions and non-

site-specific labeling have been reported. Therefore, bioorthogonal reactions have been devised to tag 

biological targets within complex living systems. Among those, one of the most powerful methods includes 

the use of “Click chemistry” such as Cu(I)-catalyzed azide-alkyne cycloaddition (CuAAC), strain-

promoted alkyne-azide cycloaddition (SPAAC) and tetrazine-trans-cyclooctene ligation. On the other hand, 

these reactions still have problems in relation with unwanted metal residue, slow reaction rate and chemical 

instability. Recently, Sharpless et al. discovered a valuable new click reaction for biological chemistry, i.e. 

sulfur(VI) fluoride exchange (SuFEx) reaction. Herein, we report the effectiveness of the fosylate 

flurophores as reactive probes in chemical biology and introduce two applications; biorthogonal 

modification of the side chain of tyrosine derivatives and mitochondria-targeted tracker. 
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Synthesis of Chiral Cyclopentenone: Application to Total Synthesis of 

Prostanoids 
 

TAEHYEONG KIM, Do Hyun Ryu* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

Cardiovascular diseases are the leading cause of mortality. These occupied a quarter of causes of death 

globally and have remained the biggest causes for past years. Animal secretes powerful vasodilator itself 

known as prostanoids. Because powerful actions of them in human body, synthetic salt is available as 

medicine. It is specifically used for direct vasodilation of pulmonary arterial vascular beds to treat 

pulmonary arterial hypertention. PGF2α and PGI2 metabolite are chosen as the target molecules. For 

synthesizing them, we anticipated that chiral cyclopentenone could be the key intermediate for construction 

of all requisite stereocenters on cyclopentane backbone through 3 component coupling. 
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Enantioselective total synthesis of cytotoxic chiral natural products 

from Cinnamomum subavenium via MBH ester 
 

Dong Guk Nam, Do Hyun Ryu* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

Secobuatnolide and subamolide series has been reported as biological activities. These structures exhibit 

strong cytotoxicity against human cancer cells such as Hep G2 cell line and p-388 cell line. And total 

synthesis of these molecule haven’t reported. An enantioselective synthesis of β-iodo Morita-Baylis-

Hillman ester has been developed three-component coupling reaction with oxazaborolidinium catalyst 

(COBI). Iodine catalyzed isomerization produces a geometric isomer in good yield. Total synthesis of 

secobutanolide series has been accomplished after organocuprate and ozonolysis. 
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Enantioselective Strecker reaction of Aldimines with Chiral 
Oxazaborolidinium Ion Activated Trimethylsilyl Cyanide 

 

Ki-Tae Kang, Do Hyun Ryu* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

In the presence of a catalytic amount of chiral oxazaborolidinium ion (COBI), aldimine reacted with  

trimethylsilyl cyanide (TMSCN) to a afford α-aminonitriles in excellent yields and enantioselectivities. The 

three-component asymmetric process studied here significantly improves upon the original Strecker 

reaction, and has advantages over previous reactions using unstable imines. High levels of 

enantioselectivities in the synthesis of α-aminonitrile derivatives with wide substrate generality were 

obtained via these reactions. The reaction proceeded in good yields (up to 98%) with excellent 

enantioselectivities (up to 97% ee). 
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One-pot Synthesis of Multi-substituted α-Pyrones Facilitated by 

Bifunctional Organocatalyst and Mercury(II) Acetate 
 

JUYEOL LEE, HUI JIN, Do Hyun Ryu* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

α-Pyrone derivatives exist abundantly in nature including animals, plants and microorganisms, and take 

part in many different types of biological processes. Therefore, efficient synthesis of multi-substituted α-

pyrones have attracted much attention of many chemists. In this research, 6-ester-substituted α-pyrones are 

successfully synthesized through organocatalytic Michael addition-lactonization of β,γ-unsaturated α-keto 

ester with dithiomalonate followed by mercury(II) acetate-induced hydrolysis-decarboxylation-

dehydrogenation reaction cascade. 
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Synthesis of Chiral 3,4-Dihydropyranones through Bioinspired 

Michael addition/lactonization Reaction Cascade 
 

HUI JIN, JUYEOL LEE, Do Hyun Ryu* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

Dihydropyranones are important structural core of numerous natural or synthetic biologically active 

compounds. A biomimetic tandem Michael addition-lactonization reaction of thioesters and β,γ-unsaturated 

α-Keto esters catalyzed by proline derived urea catalyst has been developed for the synthesis of chiral 3,4-

dihydropyranones. The reaction provided 3-thioester-substituted 3,4-dihydropyranones and spiro-3,4-

dihydrocoumarin-fused 3′,4′-dihydropyranones in high yield (up to 94%) with excellent stereoselectivities 

(up to >20:1 dr, 99% ee). The high level of stereoselectivities were rationalized by DFT calculations. In 

addition, the utility of the products was shown in the formal synthesis of anti-hypercholesterolemic agent. 
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Chiral Lewis Acid Catalyzed Asymmetric Synthesis of Cyclobutanone 

 

YUNA CHOI, Do Hyun Ryu* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

Cyclobutane derivate is a structural core incorporated into a wide range of natural products. Therefore, 

considerable attention has been devoted to the development of asymmetric methodologies for the synthesis 

of cyclobutane products. Consequently, over the past several decades, [2+2] cycloadditions of various 

alkenes have been established to access chiral cyclobutanes. Especially, in recent years, cyclobutanone is 

one of the most versatile chemical candidate for the functionalized cyclobutanes through various chemical 

transformation. However, [2+2] cycloaddition for the preparation of cyclobutanone was rarely been 

reported. In addition, there are very limited examples to synthesize chiral cyclobutanones. In this reason, 

highly efficient synthetic methodology was required for optically enriched functionalized cyclobutanones. 

In here, we report enantioselective synthesis of cyclobutanone catalyzed by chiral oxazaborolidinium ion 

(COBI) catalyst with various α-aryl and α-alkyl diazoesters. A wild range of cyclobutanone possessing β-

quaternary chiral carbon were obtained in high yield (up to 91%) and excellent enantioselectivity (up to 

98%) and diastereoselectivity (up to >20 : 1). 
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Synthesis and Anticancer Evaluation of Aminated 7-Azaindoles via 

Rh(III)-Catalyzed C−H Amination 
 

Jihye Park, IN SU KIM1,* 

 
Department of Pharmacy, Sungkyunkwan University, Korea 

1College of Pharmacy / Department of Pharmacy, Sungkyunkwan University, Korea 

  

The site-selective C–H amination reaction of 7-azaindoles with various benzisoxazoles as amination  

surrogates under cationic rhodium(III) catalysis is described. This transformation efficiently provides a 

range of ortho-aminated N-aryl-7-azaindoles with excellent siteselectivity and functional group 

compatibility. The formed ortho-aminated 7-azaindoles were readily transformed into biologically relevant 

heterocycles such as azaindoloacridine, azaindoloacridone, and bis-indole compounds. Moreover, the 

synthetic derivatives were tested for in vitro anticancer activity against human breast adenocarcinoma cells 

(MCF-7), human renal carcinoma cells (786-O), and human prostate adenocarcinoma cells (DU145). 

Notably, some synthetic compounds were found to display most potent anticancer activity, compared to 

that of anticancer doxorubicin as a positive control. we herein report the Rh(III)-catalyzed direct amination  

of 7-azaindoles with anthranils affording ortho-aminated azaindole derivatives as biologically interesting 

heterocycles. 
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Synthesis and Evaluation of Antidiabetic TMPA Derivatives Using 

Diazo Agents via Sequential Ir(III)-Catalyzed C−H Alkylation 
 

sangil han, IN SU KIM1,* 

 
Department of Pharmacy, Sungkyunkwan University, Korea 

1College of Pharmacy / Department of Pharmacy, Sungkyunkwan University, Korea 

  

Antidiabetic medication has revolutionized the treatment of metabolic disorders derived from high blood 

sugar level. In particular, the use of antidiabetics such as glucagon-like peptide (GLP) agonists, KATP 

channel inhibitors, AMP-activated protein kinase (AMPK) signaling activators, α-glucosidase inhibitors, 

and PPAR-γ inhibitors, has received considerable attention as potential medical agents because of their 

interesting pharmacological effects. Recently, natural antidiabetic octaketide metabolites, cytosporones A 

and B, have been isolated by Clardy in 2000. Notably, cytosporone B has been demonstrated to bind to the 

ligand-biding domain of nuclear orphan receptor 77 (Nur77) and stimulate the control of LKB1-mediated  

AMPK activation. Additionally, unnatural TMPA (ethyl 2-[2,3,4-trimethoxy-6-(1-octanoyl) phenyl]acetate) 

was also found to enhance AMPKα phosphorylation through reducing the NUR77−LKB1 interaction. 

Despite of the potent antidiabetic activity and relatively simple structure of TMPA, the single synthetic 

strategy has been reported for the preparation of TMPA derivatives. However, this strategy presents 

intrinsic drawbacks, namely, the multi-step synthesis (longest linear 7 steps) and harsh reaction conditions 

including Friedel−Craft intramolecular acylation, OsO4-mediated dihydroxylation and Pinick oxidation . 

We herein disclose the ketone-directed Ir(III)- and Rh(III)-catalyzed ortho-C−H alkylation of 

acetophenones with Meldrum’s diazo esters. As results, this protocol may be beneficial to guide the design 

a variety of antidiabetic TMPA derivatives, and represents a catalytic alternative to transcend the barriers  

imposed by previous multi-step synthetic approach. 
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Synthesis and Anticancer Evaluation of 2,3-Disubstituted Indoles 
Derived from Azobenzenes via Rh(III)-Catalyzed C-H Activation 

 

Saegun Kim, IN SU KIM1,* 

 
Sungkyunkwan University, Korea 

1College of Pharmacy / Department of Pharmacy, Sungkyunkwan University, Korea 

  

The azo-directed rhodium(III)-catalyzed C−H functionalization and intramolecular annulations between 

azobenzenes and internal olefins are described. This transformation provides efficient preparation of 2,3-

disubstituted free-(NH)-indoles with excellent site-selectivity and functional group compatibility. The 

synthetic compounds were evaluated for in vitro anticancer activity against human endometrial 

adenocarcinoma cells (Ishikawa), triple negative human breast cancer cells (MDA-MB-231) and human 

renal cancer cells (Caki-1). Synthesized 2,3-disubstituted indoles were found to display potent cytotoxic 

effect competitive with anticancer agent doxorubicin. In sharp contrast, we herein reported the formation  

of 2,3-disubstituted indoles through the Rh(III)-catalyzed cross-coupling reaction of azobenzenes and 

internal olefins such as maleates and fumarates. Furthermore, synthesized 2,3-disubstituted indole 

derivatives have been evaluated for the cytotoxic effect against human endometrial adenocarcinoma cells 

(Ishikawa), triple negative human breast cancer cells (MDA-MB-231) and human renal cancer cells (Caki-

1), and were found to have promising anticancer properties competitive with anticancer agent doxorubicin . 
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Diastereoselective Synthesis of 1-Aminoindanes via C-H Activation 

under Rh(III) Catalysis 
 

NEERAJ KUMAR MISHRA, IN SU KIM1,* 
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1College of Pharmacy / Department of Pharmacy, Sungkyunkwan University, Korea 

  

Indane has been recognized as an important structural motif in organic synthesis and medicinal chemistry. 

Particularly, 1-aminoindanes have attracted considerable attention by virtue of their interesting biological 

properties, such as anti-inflammatory, analgesic, antipyretic, anticonvulsant, anti-leukemic, anti-Parkinson  

and etc. Therefore, a range of 1-aminoindane derivatives have been synthesized and evaluated for their 

clinical applications. In this context, imine directing groups have been widely used for new C−C bond 

formation reactions with various unsaturates such as alkenes, alkynes, and allenes. Additionally, Re(I) and 

Ru(II) catalysts were also employed in C−H functionalization of ketimines with alkynes and allenes to 

deliver the corresponding 1-aminoindenes and 1-aminoindanes, respectively. Moreover, Nishimura 

disclosed the Ir(I)-catalyzed stereoselective annulation of cyclic N-sulfonyl and N-acyl ketimines with 1,3-

dienes to yield spiroaminoindane derivatives. Despite of great progress on the coupling reaction between 

imines and π-unsaturates, examples of annulation reaction using internal alkenes with high 

diastereoselectivity are still unexplored. In continuation of our recent works on the catalytic sp2 and sp3 

C−H functionalizations using internal olefins including maleimides, we herein describe the Rh(III)-

catalyzed diastereoselective formation of 1-aminoindanes using N-sulfonyl aldimines and various olefins. 
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Triethylborane-mediated radical addition reaction : synthesis of 

quaternary α-alkyl substituted amino acid "on water" 
 

TAE KYU NAM, Doo OK JANG* 

 
Department of Chemistry, Yonsei University, Korea 

  

Water is an interesting solvent in organic synthesis, because it has good abilities not only physical and 

chemical properties but also economic and environmental aspects. Various advantages such as acceleration 

of reaction rate and increasing selectivity of specific product using water have been reported. Despite of 

these advantages, water is still not frequently used in organic reactions, because of its unique characteristics 

like low solubility of organic compounds in water and the possibility of hydrolyzing the reactants. In radical 

process, solvent effects of water are known to insignificant.Herein, we wish to report radical addition 

reactions to hydrazone derived from α-keto ester using triethylborane as a radical initiator on water 

affording biologically active quaternary α-substituted amino acid derivatives. In the course of the reaction, 

a significant solvent effect was observed. 
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Synthesis and sensor activities of 9-anthracenylmethylguanidine 

derivative for detecting proton and water 
 

HyunKoo Lim, Hyung Jin Kim* 

 
Division of Chemical Engineering, Chonnam National University, Korea 

  

This paper describes the synthesis and optical sensing properties of fluorescence dye for proton and water. 

Dye was prepared by the attachment of a guanidine moiety to anthracene and applied as fluorescent pH 

sensors and water sensors. The fluorescence intensities of dye decreased with increasing pH values in the 

pH range between 11 and 13. The sensing mechanism was explained by the photoinduced electron transfer 

process.   

Dye was also useful as optical sensors for detecting the trace amount of water content in water-miscib le 

organic solvents such as EtOH, CH3CN, DMF, THF and 1,4-dioxane. The fluorescence intensities of dye 

increased with increasing water content in organic solvents. The nitrogen atom of the dye was protonated 

in the presence of water in organic solvents and the PET was inhibited to restore fluorescence emission. 
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Improved Maltose Neopentyl Glycol Amphiphiles for Membrane 

Protein Stability 
 

HYOUNG EUN BAE, Pil Seok Chae* 

 
Department of Bionano Engineering, Hanyang University, Korea 

  

Detergents are widely used in membrane protein research, particularly for membrane protein structural 

studies. However, many membrane proteins tend to aggregate or denature with time when solubilized in a 

conventional detergent, necessitating the development of new agents with distinct architecture and 

enhanced efficacy. Over the past few years, a maltose neopentyl glycol (MNG) amphiphile, known as lauryl 

maltose neopentyl glycol (LMNG), has facilitated crystal structure determinations of approximately 30 

membrane proteins including various GPCRs. This noel agent contains two alkyl chains with the same 

chain length. In this presentation, we introduce LMNG variants with different alkyl chain length. This 

structural modification results in length variation in the hydrophobic groups and molecular geometry of 

detergent molecules, thus affecting detergent efficacy for membrane protein solubilization and stabilization. 
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Synthesis, characterization, and biological evaluation of ionic liquids 

for BNCT 
 

SAEM I PARK, SE YOUNG PARK, SO-YOUNG MA1, JONG DAE LEE* 
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New synthetic methods to prepare imidazolium and dimethylaminopyridium having alkyl (C4, C5, C6) 

substituents containing the boron anion such as tetrafluoroborate (BF4–) , bis(oxalato)borate (BOB–), 

bis(malonato)borate (BMLB–) and dicarbollide (C2B9H12–) have been developed. The 1-alkyl-3-

methylimidazolium tetrafluoroborate is liquid phase at room temperature, however another imidazo lium 

salts show that cohesion increase at lower temperature A series of experiments have been conducted using 

relevant assays to estimate the cytotoxicity of selected imidazolium and dimethylaminopyridium based on 

the ionic liquids. The [CnMIM][BF4]salt was less cytotoxicity than another boron anions. The cytotoxicity  

of 1-alkyl-3-methylimidazo lium salts show high cytotoxicity with increasing alkyl chain length of the 

cation. However, the 1-alkyl dimethylaminopyridium salts show high cytotoxicity, due to their bulk sizes. 
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The surface water accessibility-dependent relaxivity tuning of Eu-

doped iron oxide nanoparticles and the monitoring of protein 
interaction 

 

Jeong Chan Park 

 
Pohang University of Science and Technology, Korea 

  

Herein, we report the relaxivity tuning of T1-T2 dual-modal MRI contrast agents (CAs) depending on the 

surface water accessibility, and the monitoring protein interactions with T1-T2 dual-modal MRI CAs. 

Europium-doped iron oxide (EuIO) as core nanoparticles (NPs) is prepared by a thermal decomposition 

method. Citrate (Cit), alendronate (Ale) and PMAO/PEG (PP) as surface materials, having different  

hydrophobicity, are employed for the surface water accessibility-dependent relaxivity tuning of the NPs, 

resulting in EuIO-Cit, EuIO-Ale and EuIO-PP, respectively. Correlation between the hydrophobicity of 

surface materials and the longitudinal relaxivity (r1) of T1-T2 dual-modal MRI CAs presents exponential 

decay feature. The r1 relaxivity of EuIO-Cit exhibits 13.2 fold higher than that of EuIO-PP. According to 

the surface materials, EuIO can act as T1-T2 dual-modal (EuIO-Cit) or T2-dominanted MRI CAs (EuIO-

PP). In addition, it is explored that the feasibility of the resulting nanosystem as a sensor to report 

environmental changes, such as albumin interaction. The albumin interaction on T1-T2 dual-modal MRI 

CAs shows the change in both T1 and T2 relaxation time, which would the mutually confirmative 

information. The surface water accessibility-dependent relaxivity tuning approach may provide insightful 

strategy for bio-applications of T1-T2 dual-modal MRI CAs and give a fresh impetus for the development 

of the novel stimuli-responsive T1-T2 dual-modal MRI nanoplatforms for various biomedical applications. 
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Development of Selective S1P1/5 Receptor Agonists for Treatment of 

Multiple Sclerosis 
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Multiple Sclerosis(MS) is an neurodegenerative autoimmune disorder of the central nervous system. The 

FDA-approved Fingolimod is the first oral drug for relapsing forms of MS. Following phosphorylation in 

vivo, an active form of fingolimod, acts as a sphingosine 1-phosphate(S1P) receptor modulator, binding 

with high affinity to S1P receptors (S1P1,3~5). Although it shows high efficacy for treatment of MS, but 

the non-selective activity of this compound for S1PR3 causes serious side effects such as bradycardia.In 

this study, we have designed a new series of S1P1 and S1P5 receptor agonists on the basis of the structure 

of ono-4641 and A-971432. The preliminary in vitro evaluation of the synthesized compounds using 

calcium mobilization assay showed that their agonistic effects agonist S1P1 and S1P5 are comparable to 

those of other reported agonist ligands. In addition, we performed β-arrestin internalization and recruitment 

experiments of hit compounds to verify their β-arrestin dependent signaling pathway. Indeed, KKSM08024 

represented 98% and 51% activation values at the concentration of 10μM respectively agonist S1P1 and 

S1P5 receptor. EC50 value of KKSM08024 was 0.157±0.016μM, which is comparable to that of BAF312 

(0.103±0.009 μM), a second generation MS drug developed by Norvatis. Further evaluation and synthesis 

of these compounds regarding selectivity of S1P1 and S1P5 will be presented in the presentation. 
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Alzheimer’s disease (AD) is a neurodegenerative disease and the most common cause for dementia. With 

the advent of an aging society, the importance of Alzheimer's disease is increasing. However, there is 

currently no treatment options that can completely cure AD. Neurofibrillary tangles (NFTs) are one of the 

main hallmarks of AD and primarily composed of tau protein. In the AD patient’s brain, tau protein, which 

stabilizes microtubules is hyperphosphorylated and then self-aggregates to form NFTs. NFTs induce 

neuronal damage resulting in diseases like AD. We envisaged that inhibition of the formation of NFTs 

would be beneficial for the treatment of AD, and therefore we are developing tau aggregation inhibitors. 

Through screening based on tau-BiFC (bimolecular fluorescence complementation) assay with in-house 

and commercially available compound libraries, we found promising hit compounds. They showed 

excellent tau aggregation inhibitory activity, but some of their drug-like properties need to be improved to 

be AD drug candidates. Therefore, we are optimizing hit compounds to further increase potency and drug-

like properties, including BBB (brain-blood barrier) penetration. 
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Advanced immunosensor for prostate cancer using later flow assay 
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Prostate cancer is a malignant tumor in the prostate, where is a gland in the male reproductive system. It is 

the second most common type of cancer and fifth leading casue of cancer-related death in male. In 2017, 

about 160,000 new cases of prostate cancer were reported and roughly 26,000 patients died in America. 

The most general way to diagnose prostate cancer is to screen specific antigen from the tumorous tissues 

such as prostate-specifie antigen (PSA) or digital rectal exam (DRE) with advantages of being much easier, 

less expensive and less invasive compared to biopsy. Especially, PSA test can be considered useful in the 

way that it can find the caner in people before they have symptoms with relatively lower expenses. People 

have been diagnosed as having a high chance of prostate cancer when PSA level in blood exceeds 4 ng/ml. 

However, this test usually gives false-positive or false-negative results. According to National Cancer 

Institute, only about 25% of men with an elevated PSA level in range of 4~10 ng/ml turned out to have 

prostate cancer. The United States Preventive Services Task Force and the American Cancer Society 

recommends against PSA test due to the risk of overdiagnosis and overtreatment as a result. Therefore, we 

are developing more accurte immunoassay kit using not only PSA but also the leading biomarkers of 

prostate cancer. This immunoassay method using a lateral flow assay will be used as a new screening 

method for more accurate prostate cancer diagnosis in advance. 
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Development of a facile biosensor for detecting norovirus using new 

specific binding peptides 
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Norovirus is one of the infectious disease in the world by eating raw foods which were infected by others, 

and there are many people could be infected to touch to be contaminated things by norovirus. It is a major 

cause of foodborne and nosocomial outbreaks. In this study, thoroughly and highly sensitive biosensors for 

detecting norovirus by applying a recognized affinity peptide as a platform were described. As used in this 

experiment electrochemical method is a cost-effective, fast responsive and easy to integrate information  

into miniaturized micro-devices like a portable biosensor. The performance of the peptides has been studied 

with fluorescent optical assay, and gold-immobilized synthetic peptides has been studying cyclic 

voltammetry(CV) and impedance spectroscopy (EIS). We found that several kinds of peptides (Noro-BP, 

nonFoul, (FelxL)₂ , nonFoul(FlexL)₂) are the efficient recognizes for norovirus screened by using the 

phage display method. The performance of the above four peptides is evaluated by comparing real norovirus 

samples with rotavirus as a negative control. These peptides were effectively applied to electrochemistry 

method to detect the real norovirus sample. Among them, nonFoul(FlexL)₂ shows the best performance 

as the lowest detection limit value of 1.7 copies/mL compared with other peptides with real norovirus 

samples. In addition, the result could be expected that using nanoflowers’ with large surface area will be 

useful to peptide-based detection sensor for norovirus. These results suggest that the biosensor consists of 

peptide, has affinity to norovirus as a molecular binder and will be used to micro-device as a diagnostic 

tool. Moreover, the biosensor could be helped as a new biosensing platform for point-of-care testing by 

applying much more fields. 
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dots via fluorescence quenching mechanism 
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Chromium pollution, which is most commonly produced by industrial processes, has been a serious issue 

because of its toxic effects against the environment and human health. Among the oxidation states, 

hexavalent chromium Cr(VI) has been identified to be more hazardous due to its high solubility and 

carcinogenic activity at trace level. Consequently, a simple and rapid analytical system for Cr(VI) detection 

is highly essential to ensure water quality in terms of safeguarding human health. In this work, a facile one-

step hydrothermal method to synthesize fluorescent silicon quantum dots (SiQDs) was developed and used 

as a probe for ultra-rapid detection of Cr(VI) in environmental water. The SiQDs were synthesized by 

employing 3-(2-aminoethylamino)propyltrimethoxysilane as a silicon source and ascorbic acid as a 

reduction agent. The as-prepared SiQDs were well dispersed in water and exhibited blue emission under 

UV-light irradiation. The resultant SiQDs acted as the fluorescent probe for selective determination of 

Cr(VI) with minimal volume of sample via fluorescence quenching mechanism. Moreover, this sensor 

eliminated the use of semiconductor quantum dots and other organic dyes, revealing that it utilized green 

chemistry approach. Most importantly, the promising practical application of synthesized SiQDs can 

rapidly discriminate Cr(VI) in water within 30 seconds with a sufficient detection limit as low as 0.65 µM. 

In summary, SiQDs can be used as good candidates in ultra-rapid sensing of Cr(VI) without any tedious 

sample preparation step. 
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Novel phenylsulfonamide derivatives alleviate scopolamine-induced 

memory impairment via the inhibition of mPGES-1 
 

ChangYoung Jang, YoonHyoung Moon, Da Woon Jung, Hong bin Yoon, Jae Yeol Lee* 

 
Department of Chemistry, Kyung Hee University, Korea 

  

Prostaglandin E2 (PGE2), has been thought to be an important mediator of inflammation in peripheral tissues, 

but recent studies clearly show its involvement in inflammatory brain diseases, such as ischemic stroke, 

Alzheimer’s disease (AD) and epilepsy. The biosynthetic pathway of PGE2 involves three sequential 

enzymatic actions from arachidonic acid: phospholipase A2; cyclooxygenases (COX-1 and COX-2), and 

prostaglandin E synthases (cPGES, mPGES-1 and mPGES-2). The successful modulation of PGE2 via the 

inhibition of one of three sequential enzymatic actions may therefore prevent or retard the onset of 

inflammatory brain diseases and thus provide a beneficial strategy for the potential brain diseases therapy. 

As microsomal prostaglandin E synthase (mPGES)-1 enzyme catalyzes the terminal step in the biosynthesis 

of COX-2-derived PGE2 from PGH2, the inhibition of mPGES-1 has been expected to suppress the PGE2 

production without the side effects of classical NSAIDs and coxibs. Therefore, mPGES-1 inhibitors are 

expected to be injury-selective and have fewer side-effects when treating human brain diseases. Herein, we 

will describe the synthesis and biological evaluation of new phenylsulfonamide derivatives for the 

discovery of a candidate compound for the prevention against memory loss in some neurodegenerative 

diseases such as Alzheimer's disease. 
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Synthesis and SAR study of arylsulfonyl hydrazide derivatives as novel 

mPGES-1 inhibitors 
 

YoonHyoung Moon, ChangYoung Jang, Da Woon Jung, Jae Yeol Lee1,*, sunyoung Kim1, 
Hong bin Yoon1 

 
Chemistry, Kyung Hee University, Korea 

1Department of Chemistry, Kyung Hee University, Korea 

  

Microsomal prostaglandin E synthase-1 (mPGES)-1 is responsible for the massive prostaglandin E2 (PGE2 ) 

formation during inflammation. Increasing evidence reveals mPGES-1 inhibitors as a safe alternative to 

nonsteroidal anti-inflammatory drugs. In order to identify potent mPGES-1 inhibitors, therefore, a series of 

arylsulfonyl hydrazide derivatives has been synthesized and their mPGES-1 biological activities have been 

disclosed in detail. Structure-activity relationship (SAR) optimization provided a few of inhibitors with  

moderate mPGES-1 potency and excellent PGE2 release RAW 264.7 cell potency. Among inhibitor studied, 

MPO-0063 provided excellent selectivity over COX-1 and COX-2. Furthermore, MPO-0063 demonstrated 

good metabolic stability in human liver microsomes and no significant inhibition observed in clinically  

relevant CYP isoforms. Additionally, MPO-0063 revealed strong in vivo efficacy in on carrageenan-

induced paw edema in rats. 
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Synthesis and Biological Evaluation of Quinazoline Derivatives as cell 

Protecting Agents 
 

TAEJUNG KIM, Jungyeob Ham, Heesu lee1, Jae Wook Lee2,* 
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The endoplasmic reticulum (ER) is primarily recognized as site of synthesis and folding secreted, 

membrane bound, and organelle targeted proteins.1 The protein folding process in ER is highly sensitive 

to stress that perturb energy metabolism, Ca2+ homeostasis, and oxidizing environment. These stress 

reduce capacity of protein folding, which resulted in accumulation of unfolded proteins. Protein aggregation 

is very toxic to cells and numerous pathogenesis are associated with ER stress.2 Beta cell dysfunction or 

death plays crucial roles in the progression of type 1 and type 2 diabetes. Current anti-diabetic drug cannot 

prevent the progression of beta cell dysfunction and death. In diabetes, major cause of beta cell dysfunction 

and death is related with endoplasmic reticulum (ER) stress. In our previous research, we identified a 

quinazoline compound as a novel class of β-cell protective agents against ER stress-induced dysfunction 

and death. Through extensive SAR optimization, 2,4-diaminoquinazoline markedly protects primary  

human β-cells against ER stress-induced dysfunction and death with 80% maximum rescue activity. We 

are currently under further investigation for animal model studies to evaluate efficacy of the compound. 1. 

E. Szegezdi, S. E. Logue, A. M. Gorman, A. Samali, Mediators of endoplasmic reticulum stress-induced 

apoptosis. EMBO reports, 2006, 7, 880-885.2. R. J. Kaufman, Orchestrating the unfolded protein response 

in health and disease. J. Clin. Invest 2002, 110, 1389-1398. 
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Fast Degradable Polycaprolactone Microspheres for Drug Delivery 

 

Hyun Jung Lee, MINJIN LEE, Yuna Moon, MinHee Park, Byeongmoon Jeong* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Polycarprolactone (PCL) was reported a long time ago; however, its use in biomedical applications has not 

been extensively investigated in comparison with poly(lactide-co-glycolide) (PLGA) due to its too slow 

degradation profile, even though the production process of PCL is much less expensive than that of PLGA. 

The returning of PCL as a popular biomaterial these days is mainly due to the tissue engineering 

applications of the PCL. Here, we are reporting an oxalate-connected oligocaprolactone multiblock 

copolymer as a fast degradable PCL (PCL-OX). PCL-OX with a molecular weight of 100,000 Daltons 

exhibited a melting point of 44.7 oC and a crystallinity of 40%. PCL-OX microspheres containing paclitaxel, 

a model drug, were prepared by the oil-in-water emulsion method and were compared with PLGA 

microspheres containing the same drug. In-vitro release of paclitaxel from the PCL-OX microspheres was 

slower than that from the PLGA microspheres. However, the in-vivo application of the PCL-OX 

microspheres by the subcutaneous injection into rats provided a steady plasma drug concentration of 6-9 

μg/ml over 28 days, similar to that of the PLGA microspheres. The degradation of PCL-OX was 

significantly accelerated by hydrogen peroxide more than PLGA, which induced degradation of PCL-OX 

faster in in-vivo than in-vitro conditions. The PCL-OX microspheres showed a similar tissue compatibility  

to that of PLGA microspheres in the subcutaneous layer of rats, with a marginal tissue irritation over 28 

days. These findings suggest that PCL-OX is a useful biomaterial that solves the slow degradation problems 

of PCL, and thus may find use in other biomedical applications as an alternative to PLGA. 
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Synthesis of Novel Tau Aggregation inhibitor for the Treatment of 

Alzheimer’s Disease 
 

HyoJin Kim, Ae Nim Pae1, Cheol-Hong Cheon*, SANG MIN LIM1,* 

 
Department of Chemistry, Korea University, Korea 
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Alzheimer's disease (AD) is one of the most common neurodegenerative diseases and it is a disease that 

must be studied because it becomes a serious problem in an aging society. Although tau protein is believed 

to play an important role in AD and tauopathy has been extensively studied, there are only drugs that 

alleviate some of the symptoms of Alzheimer's disease, and there are no disease-modifying drugs. Tau is a 

microtubule-associated protein (MAP) that binds to microtubules and helps stabilize microtubules. 

However, hyperphosphorylation of tau induces detachment from microtubules, and detached tau tends to 

self-aggregate forming paired helical filaments (PHFs) and neurofibrillary tangles (NFTs) which induce 

neurodegeneration leading to diseases such as AD. Therefore, we develop tau aggregation inhibitors to find 

drug candidates for the treatment of AD. To discover new hit compounds that can inhibit tau aggregation, 

we performed a high-throughput screening based on Bi-FC assay with in-house and commercial compound 

libraries. By modifying hit compounds, we have found compounds that are more potent and less toxic than 

Methylene blue: a well-known in vitro tau aggregation inhibitor. Currently, a variety of derivatives have 

been synthesized through a structure-activity relationship study to find compounds that are more potent 

than the hit compounds. We also try to find potent compounds possessing novel scaffolds by scaffold 

hopping or introduction of bioisosters. We will continue to work to further optimize potency as well as 

physicochemical properties to develop clinical candidates. 
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Synthesis and Biological Evaluation of Chalcone Derivatives as Nrf2 

Activator for Neurodegenerative Disease 
 

Hyeon Jeong Kim, Ki Duk Park* 

 
Convergence Research Center for DTC, Korea Institute of Science and Technology, Korea 

  

Neurodegenerative disease is characterized by progressive degeneration and death of neurons, resulting in 

neural network dysfunction. As the underlying mechanisms, it has been reported that oxidative damage can 

lead to neuronal toxicity and finally neuronal cell death. Nrf2-ARE signaling pathway has been well-known 

as a primary cellular defense mechanism against oxidative damage. Under oxidative or inflammatory  

stressed conditions, Nrf2, a transcription factor, regulates the cellular redox balance by inducing expression 

of antioxidant enzyme genes. In this study, we have synthesized novel chalcone derivatives as Nrf2 

activators. Among the derivatives, KDS3021 showed significant efficacy for activating Nrf2 and induced 

expression of the Nrf2 dependent antioxidant enzymes such as HO-1, GCLM and NQO1. In addition, 

KDS3021 effectively suppressed the production of nitric oxide and down-regulated inflammatory  

mediators confirming its anti-inflammatory effect. In conclusion, we developed a promising Nrf2 activator 

KDS3021 as a potential therapeutic candidate for neurodegenerative disease. We are currently testing the 

efficacy in animal models of Alzheimer’s and Parkinson’s disease. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-588 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Solid-Phase Parallel Synthesis of a 1,3,4-Oxadiazole Based 

Peptidomimetic Library as a Potential Modulator of Protein-Protein 
Interactions 

 

AIZHAN ABDILDINOVA, Young Dae Gong* 

 
Department of Chemistry, Dongguk University, Korea 

  

Design and solid phase synthesis of the 1,3,4-oxadiazole based peptidomimetic library is presented. Library  

synthesis starts from the coupling of the thiosemicarbazide resin with Fmoc-protected amino acid following  

desulfurative cyclization to 1,3,4-oxadiazo les. Following substitution of the secondary amine with the 3-

nitrobenzoyl functional group and its further reduction were performed. Thus, the functionalization with  

amino acids could be performed on both sides of the core skeleton. After diversification and cleavage from 

the resin using TFA: DCM cleavage cocktail, an enantiopure library of compounds was obtained. Further 

evaluation of physicochemical properties was performed. 
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Parallel Synthesis of 2-Amino-4-Alkoxy-5-Phenylmethanone Thiazole 

Derivatives 
 

Ye Ji Kim, Young Dae Gong* 

 
Department of Chemistry, Dongguk University, Korea 

  

Heterocyclic core skeletons serve as ideal scaffolds on which pharmacophores are arrange to provide potent 

and selective drugs. This is especially true for five-member ring heterocyclic compounds, which serve as 

the core components of a large number of substances that possess a broad range of interesting biological 

activities. Among these heterocycles, many natural and synthetic medicinally important compounds contain 

thiazole as essential moieties with numerous therapeutic activities, such as antibacterial, antioxidant, 

diuretic, antifungal, antitubercular, anti-inflammatory, anticonvulsant, anti-HIV, antidiabetic, 

antihypertensive, anti-Alzheimer and anticancer activities. In this reason, we have decided to synthesize 

diverse 2-amino-4-alkoxy-5-phenylmethanone thiazole derivatives in solution-phase. The synthesis of 

library starts form the alkylation of the benzylamine following attachment of ethoxycarbonyl isothiocyanate. 

Further cyclization Ethyl (N-alkyl-benzylcarbamothioyl)carbamate with bromoacetophenone in the 

presence of the dimethylformamide, which is key step of the synthetic approach, we could obtain desired 

library of 2-amino-4-alkoxy-5-phenylmethanone thiazole derivatives. 
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Construction of Novel 2,5-Piperazinedione Drug-Like Library via 

Microwave-Assisted Reaction 
 

Si Yeon Han, Young Dae Gong* 

 
Department of Chemistry, Dongguk University, Korea 

  

In this work, we described synthesis of 1-(1,3,4-oxadiazo l-2-y l)p iperazine-2,5-d ione derivatives in solution 

phase. Many researchers have conducted study about biological activities of 2,5-piperazinedione due to its 

structural similarities with peptides. Furthermore, 1,3,4-oxadiazoles have been used as potent scaffolds 

which are reported to produce compounds of interest in various therapeutic areas such as anti-inflammatory , 

antimicrobial, anticonvulsant, and antihypertensive. In this reason, we were highly interested in the 1,3,4-

oxadiazole moiety and tried to establish the 2,5-piperazinedione-containing 1,3,4-oxadiazo le libraries. This 

synthetic methodology involves the preparation of 2,5-piperazinedione core skeleton through cyclization  

of methyl 2-(2-(amino)acetamido)acetate derived from a reaction between N-α-chloroacetyl amino acid 

methyl ester and various amines via Microwave heating. It is well known that Microwave reaction in 

chemical synthesis can decrease reaction time dramatically and generate the desired compounds in high 

yields and purities at low cost compared to conventional thermal heating. Here in, we report an efficient  

method for the synthesis of 1-(1,3,4-oxadiazol-2-yl)piperazine-2,5-dione derivatives based on the 

combinatorial chemistry techniques.References :Yang, Seung-Ju; Lee, Jae-Min; Lee, Gee-Hyung; Kim, 

NaYeon; Kim, Yong-Sang; Gong, Young-Dae. Bulletin of the Korean Chemical Society Volume 35, Issue 

12, 2014, pp.3609-3617 
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Design and Solid-Phase Parallel Synthesis of 2,4,5-Trisubstituted 

Thiazole Derivatives as a Potential Sphingosylphosphorylcholine (SPC) 
Receptor Inhibitors 

 

HYEJIN KWON, Sun Hwa Jung, Young Dae Gong* 

 
Department of Chemistry, Dongguk University, Korea 

  

Combinatorial chemistry is considered important for the new drug discovery. Especially, solid-phase 

synthesis is one of the fastest and easiest tools for the synthesis of library of compounds in a short time. In 

this study, we prepared library of 2,4,5-trisubstituted thiazole derivatives by alkylation, acylation, 

sulfonylation of the 2,4-diamino(thiazole-5-yl)sub stituted-phenylmethanone resin via solid-phase 

synthesis. 2,4-diamino(thiazole-5-y l)substituted-phenylmethanone is known as a good therapeutic agent 

toward SPC. SPC usually occurs in plasma and a constituent of lipoproteins; and it plays a multifunctional 

role such as cell growth, differentiation, calcium signaling, tissue remodeling. Therefore, we are expecting  

that synthesized 2,4,5-trisubstituted thiazole derivatives will show biological activity against SPC receptor. 

In previous studies, the sulfone traceless linker was introduced to the Merrifield resin for the synthesis of 

2,4,5-trisubstituted thiazole derivatives. However, the methodology had a limitation since diversity was 

introduced only from one side using nucleophiles. To solve this problem, we have decided to introduce new 

carbamimidothioate linker to the Merrifield resin thus linker will act as a nucleophile and allow to introduce 

various electrophile substituents such as alkyl halides, acid chlorides, and sulfonyl chlorides. As a result, 

an improved molecular diversity of the 2,4,5-trisubstituted thiazole library can serve more effectively in 

the development of a potential SPC receptor inhibitors. 
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Anti-inflammatory activity of novel triaryl pyrazole derivatives 

possessing sulfonamide moiety 
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Ho Yoo2, Mohammed EL-Gamal3 
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In current study, a new series of triaryl pyrazole derivatives was synthesized and evaluated for their anti-

inflammatory activity. The new compounds were tested for their effect on nitric oxide production in LPS-

induced RAW 264.7 macrophages. Compounds KIST 301, KIST 305, KIST 306, KIST 320 and KIST 322 

were the most potent one with IC50s 8.23, 7.90, 8.55, 8.04 and 6.68 μM respectively. The most potent 

compounds were further investigated for PGE2 production, and COX-1/2 activity in LPS-induced RAW 

264.7 macrophages. KIST 306 showed the highest activity against PGE2 production. On the other hand 

none of the tested compounds exhibited activity against COX1/2. 
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Design, synthesis and antiproliferative activity of N-(2-((4-(3-(3-

methoxy and/or hydroxyl)phenyl)-1-phenyl-1H-pyrazol-4-yl)pyridin-2-
yl)amino)ethyl) substituted benzene sulfonamides 

 

Mohammed Abdel maksoud, Mohammed EL-Gamal1, Karim Mersal, Usama Ammar, 
Eslam M. H. Ali, Kyung Ho Yoo2, Chang Hyun Oh3,* 
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Design and synthesis of novel series of N-(2-((4-(3-(3-methoxy and/or hydroxyl)phenyl)-1-phenyl-1H-

pyrazol-4-yl)pyridin-2-y l)amino)ethyl) substituted benzene sulfonamides are described. The in vitro 

antiproliferative activity of the newly synthesized compounds were performed over panel of 60 cell lines 

belonging to nine different cancer subtypes. KIST 302, KIST 306, KIST 311, KIST 312, KIST 313, KIST 

316, KIST 326, KIST328, KIST331, KIST 332, KIST 333, KIST 336 and KIST 337 showed the highest 

percent inhibition over the 60 cell lines at one dose 10 uM. IC50 for the 13 compounds were determined  

over each cell line. KIST 332 was the most potent compound over 3 cancer sub types (Leukemia, Colon 

cancer and Renal Cancer) with IC50 0.42 uM over K-562 cell line, 0.47 uM over HT29 and 0.32 uM over 

A498 cell line. The most potent compound was tested over 19 different kinases to determine its biological 

target. In addition normal cell line toxicity and pharmacokinetic were performed for KIST 332. 
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Anticancer activity of newly synthesized imidazo[2,1-b]oxazole 

derivatives as V600E BRAF inhibitors for treatment of melanoma 
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The aim of current study is to synthesis a new series of imidazo[2,1-b]oxazo le with different substitutions 

at position 5 and 6. The in vitro antiproliferative activity of the novel compounds were tested against 

melanoma cell line. KIST 211, KIST 212, KIST 215, KIST 216, KIST 226, KIST 231, KIST 235, KIST 

236 and KIST 242 showed high activity against A375 cell line. The most potent compounds were tested 

for their activity over CRAF, BRAF, V600E BRAF and P38 alpha. The ten compounds exhibited activity 

ranging from 90-100% against the 4 enzymes at 10 μM. Compounds containing m-OH phenyl at position 

6 and 2-substituted pyrimidine at position 5 with propyl bridge between pyrimidine and sulfonamide moiety  

showed the highest activity. 
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A new radiolabeling technique using SpyCatcher/SpyTag tool 
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Conventional radiolabeling for antibodies is a two step process where first chelator-antibody bioconjugates 

are formed, and then followed by radiolabeling. Thus, labeling site is randomized, conjugation yield is low 

and the bioactivity may also be compromised. New technique of site-specific labeling of radioisotope 

utilizing enzyme-mediated SpyCatcher/SpyTag was developed in this study and its usefulness was tested 

on radiolabeling of biololecules. Here, we have developed a novel probe (64Cu-SpyTag-SpyCatcher-

AffiHer2) for targeting human epidermal growth factor receptor type 2 (HER2). This probe can differentiate 

between HER2 over-expressed cells and HER2 deficient cells in in vitro studies. In the ex vivo 

biodistribution studies, the tumor targeting by 64Cu-SpyTag-SpyCatcher-AffiHer2 was confirmed in 

xenograft tumor models. These results shows that this site-specific radiolabeling strategy for biomolecules  

is highly specific, efficient and convenient, with no attenuation of the targeting ability. 
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18F, with a half-life of 110 min, is the most widely used radionuclide for PET imaging. A significant 

impediment to this traditional application of 18F, however, is the requirement for tedious coupling of the 

radionuclide to a carbon atom on the targeting agent. Al-18F radiofluorination has recently been developed 

as an alternative method for facile radiolabeling; however, the harsh conditions required for Al-18F 

complexation have restricted the widespread application of this technique to heat-sensitive biomolecules. 

In this work, we examine the efficiency of Al-18F chelation by a variety of available macrocyclic chelators. 

Additionally, we optimized the radiolabeling conditions to achieve radiolabeling at ambient temperatures 

and reduce the reaction time to 2 min. 
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Screening for discovery of a potent and selective Inhibitor for CBP 

Bromodomain 
 

Nalee Kim, Hak Joong Kim* 
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 Post-transcriptional modifications of chromatin are key mechanisms in regulation of DNA transcription, 

often called “epigenetic regulation”. Bromodomains are key epigenetic regulators whose functions are to 

recognize acetyllysine marks (Kac) on various proteins including histones. Discovery of selective inhibitors 

targeting bromodomains can improve our understanding of the physiological functions of bromodomains 

and, in addition, it can provide a new therapeutic strategy to treat various diseases such as cancer. Among 

>50 bromodomains found in human, our study has been focused on discovery of a potent and selective 

inhibitor for the CREB binding protein bromodomain (abbreviated as CBP bromdomain), one of the non-

BET type bromodomains.  This study was initiated with an activity screening of small molecule library  

(>6000 compounds). Specifically, the bromodomain region among the CBP was cloned to construct an 

expression plasmid for purification of CBP bromodomain protein. Then, a screening campaign was 

conducted based on the thermal shift assay to monitor the change of the melting temperature of CBP 

bromodomain, of which elevation corresponds to the binding of a potent inhibitor. With a number of hit 

compounds identified, a docking study was performed to predict their binding modes within the active site 

of CBP bromodomain, which would provide an important foundation for rational optimization of the 

inhibitor structure as well as potency. 
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Synthesis and biological evaluation of biaryl-3-ylmethylamine 

derivatives as 5-HT1A receptor modulators 
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5-HT1A receptor is the most widespread among all the 5-HT receptors, which is localized within blood 

vessel and CNS such as cerebral cortex, hippocampus, and raphe nucleus. Recent reports suggest that 5-

HT1A receptor is involved in blood pressure, heart rate, anxiety, memory, etc. 5-HT1A receptor ligands can 

act as analgesics, antidepressants, anxiolytics, and nootropics. There has been much attention to discover 

5-HT1A modulators to obtain therapeutic benefits. We have designed and synthesized compounds including 

biaryl-3-ylmethylamines. Using Suzuki reaction, reductive amination and amide coupling, total 28 final 

compounds with biaryl moiety were synthesized and biologically evaluated against 5-HT1A receptor. The 

results of binding affinity assay and structure-activity relationship (SAR) to 5-HT1Areceptors will be 

presented in detail. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-599 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Functional selectivity of Tetrahydroazepine derivatives in G-protein/ β-

arrestin signaling pathways 
 

Jieon Lee, Youngjae Kim1, Hyunah Choo2,* 

 
Center for Neuromedicine, Korea Institute of Science and Technology, Korea 

1Department of Chemistry, Yonsei University, Korea 
2Korea Institute of Science and Technology, Korea 

  

5-HT7 receptor (5-HT7R) is the most recently identified member of the family of 5-HT receptors (5-HTRs ) 

and has been cloned from a variety of species, including human and rat. 5-HT7R is localized within CNS 

such as hypothalamus, pontine nuclei, dorsal raphe nucleus, basal forebrain, and hippocampus. Important 

roles for the central 5-HT7 receptor have been investigated in the regulation of the sleep-wake cycle and 

circadian rhythm. 5-HT7R belongs to the family of G protien coupled receptors(GPCRs) and is shown to 

be positively coupled to adenylate cyclase via Gs-proteins. Apart from canonical G protein mediated  

signaling, GPCRs also activate noncanonical G protein-independent pathways, frequently mediated by β-

arrestin. The process by which GPCR ligands differentially modulate signal transduction pathways is a 

phenomenon known as “functional selectivity”. The discovery of ligands with functional selectivity profiles  

will be useful for elucidating the key signal transduction pathways essential for both the therapeutic actions 

and the side effects of drugs. Until now, there has not been reported how 5-HT7 agonists or antagonists in 

G-protein signaling pathway will act in β-arrestin signaling pathway. Herein, we designed and synthesized 

tetrahydroazepine derivatives of which functional assay was also performed. The results will be presented 

in details. 
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Inflammation is related to cancer progression and many diseases. NSAIDs (non-steroidal anti-inflammatory  

drugs) are the most common medications for the treatment of anti-inflammatory function. These drugs that 

bind to enzymes such as COX-1 and COX-2 can be used as inflammatory biomarkers. Herein Gd-DO3A-

Dif and Gd-DO3A-Fen were synthesized from DO3A conjugated to carboxylic acid derivatives of NSAIDs  

which were diflunisal and fenbufen. In this study, we expect that these gadolinium complexes conjugated 

with NSAIDs will potentially be able to target inflamed tissues in MRI.Scheme 1 shows the synthesis of 

Gd-DO3A-Dif and Gd-DO3A-Fen. Relaxivities of these complexes are slightly higher those of Gadovist® 

as shown table 1. The kinetic stability of these gadolinium complexes was comparable with Dotarem® 

employing the same type of macrocyclic chelate (Figure 1). In vivo MR experiment, inflamed tissue of left  

thigh exhibits strong enhancement more than 2 hours demonstrating inflammation targeting ability (Figure 

2). Additionally, developed Gd-DO3A-Dif and Gd-DO3A-Fen inhibit COX-2 enzymes in 

immunofluorescence image confirming inflammation targeting properties of these complexes (Figure 3). 

In conclusion, we have synthesized gadolinium based MRI contrast agents for inflammation targeting by 

conjugating NSAIDs to DO3A-based ligand. Anti-inflammatory activities vary depending on the type of 

conjugated NSAIDs and the structure of the complexes. 
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IntroductionWe successfully synthesized a new gadolinium complex (GdL) for β-amyloid (Aβ) MR 

imaging. A probe could specifically bind to plaques and visualized them in MRI might make it a feasible 

early detection tool for Alzheimer’s disease (AD). GdL was evaluated as Aβ specific imaging probe with  

MR equipment. MethodsAll materials were purchased from commercial and used without additional 

treatment. The relaxivity study was carried out at 1.5 T (64MHz, GE Healthcare) and 9.4 T MR unit 

(400MHz, Bruker) in PBS (pH 7.4) condition. The transmetallation stability study was performed at 3.0 T 

MR unit (128MHz, Siemens) by measurement of the evolution of water proton longitudinal relaxation rate 

(R1p) under equimolar gadolinium complex and zinc chloride solution in PBS (pH 7.4). The in vivo MR 

study was carried out for AD model (5XFAD) by intracerebroventricular (icv) injection of GdL. T1- 

weighted image (9.4T) was compared with Aβ plaques fluorescence image stained by thioflavin T. Result 

GdL has high relaxivity values, r1 = 4.60, r2 = 5.71 mM-1s-1, even at high field, 9.4 T and r1 = 6.24, r2 = 

6.79 mM-1s-1 at 1.5 T. Transmetallation study proved that GdL can tolerate dissociation from competitive 

environment with zinc chloride. ). R1pt/ R1p0 ratio retained approximately one that means there is no 

relaxivity decrease because of gadolinium chloride salt. In vivo images of AD model mice with GdL shows 

signal enhancement from lateral ventricle and it spread out to specific brain region. Fluorescence image 

proved that GdL enhanced the region of scattered Aβ plaques.Conclusion We successfully prepared a new 



MRI contrast agent for Aβ imaging. It is confirmed that GdL shows specificity to Aβ plaques and it was 

expected to use as an Aβ specific imaging probe. 
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Metal ions in our body play an important role in many physiological and pathological processes.For proper 

cell function, metal ion homeostasis must be maintained.To detect the homeostasis of sodium and 

magnesium ions, we have developed dual-color two-photon probes with different fluorophores. Each probe 

selectively monitored magnesium and sodium ions.We have designed two-photon probes for Mg2+ derived 

from benzoxazol naphthalene as a fluorophore and 2,5-Diaminophenol as a receptor for Mg2+ respectively. 

In addition, we have utilized fluorene derivatives for Na+ as a fluorophore and 1,7-diaza-15-crown-5 ether 

as a receptor for Na+.In this way, here we will describe dual color images of sodium and magnesium in 

living cell, and the relationship between sodium and magnesium through dual color images will be helpful 

in physiological and pathological studies. 
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Purpose: The purpose of the present study is to evaluate the mGluR5 expression level in AD mouse model 

with positron emission tomography.Methods: 10-month-old male 5xFAD transgenic mice and age matched 

male wild type mice were employed. Here, 5xFAD was used as AD model. After administration of 

[18F]FPEB to anesthetized mice, PET scan was performed for 90 min (nanoScan, Mediso Medical Imaging  

Systems, Budapest, Hungary). PET data were reconstructed by 3D OSEM algorithm with 4 iterations and 

6 subsets. For attenuation correction, micro-CT imaging was conducted immediately after PET. After 2 

days, MR scans were obtained on Agilent 9.4T scanner (Agilent Technologies, Santa Clara, CA, USA). 

Volume of interests such as hippocampus, striatum and cerebellum were defined on the study-specific brain 

template. The decay corrected time-activity curves were acquired form VOI and normalized in units of 

standardized uptake value (SUV). The distribution volume ratio (DVR) was calculated from non-invasive 

Logan’s graphical analysis. Binding potential (BPND) was then computed as ‘DVR-1’. Voxel-based  

parametric mapping was also utilized by Logan’s method. Following the PET scan, animals were 

anesthetized and intracardially perfused with saline. Brain lysates were derived from the hippocampus and 

cerebellum then homogenizing tissue. Sample homogenate was purified by differential centrifugation to 

obtain membrane fractions and then used for immunoblotting. Results: Brain PET imaging revealed that 

radioactivities in the hippocampus and the striatum were significantly lower in 5xFAD rats compared to 

control animals. Binding values were also significantly lowered in 5xFAD mice. This decline was validated 

by immunoblotting of protein isolates from brain tissues, as the mean band density for 5xFAD mice had a 

lower mGluR5 intensity than for wild type mice.Conclusion: We conclude that mGluR5 levels in 5xFAD 

mice were down regulated in the limbic system. 
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Ginger (Zingiber officinale) is one of the oldest domesticated spices in human history. It is commonly used 

as a food additive and as a key component in traditional herbal medicine. The health-enhancing potential 

of ginger has been intensively explored, and it is considered to be safe as an herbal supplement by different 

regulatory authorities. It was reported that ginger could treat a myriad of ailments, including flu-related  

symptoms and some digestive problems, such as constipation, vomiting and ulcer. Ginger also possesses 

anthelmintic, anti-bacterial and anti-viral activities. Moreover, ginger was found to be active against 

inflammatory, allergic, degenerative, cardiovascular and metabolic disorders.In this study, we propose a 

novel processing method of ginger to increase the content of minor constituents and increase biological 

activity. 
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Recently, treatment of cancer, hypertension, diabetes, arteriosclerosis, immune diseases is possible Human 

life has been prolonged. More than half of such therapeutic agents are produced on the basis of 

physiologically active compounds separated from natural products including microorganisms, plants and 

the like, and synthetic compounds derived from them. Among the natural products, there are about 8,000 

species of mushrooms in the world, and have been widely used for edible use. In the early 1970 that began 

to study based on the scientific basis of mushrooms and most mushrooms are known to contain beta-glucan, 

a substance that enhances immune function. In Japan, as anti-cancer immunity such as Lentinan, 

Schizophyllan, Crestin, domestic is called Mesima-Ext. Up to now, about 100 kinds of compounds have 

been reported in mushrooms, and it has become apparent that there are compounds of various efficacies, 

and active research is under way.In this study, we elucidated the structure of secondary metabolites of 

domestic mushrooms and confirmed the biologically active efficacy of these products. 
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Alzheimer’s disease (AD) is one of the tauopathy which belongs to a class of neurodegenerative disease 

associated with the pathological aggregation of tau protein in the human brain. Neurofibrillary tangles 

(NFTs) are formed by aggregation of tau protein in insoluble form called PHF-tau (paired helical filament), 

which is leaded to abnormal mutation or hyper-phosphorylation of tau protein. The density and neocortical 

spread of NFTs correlate well with progressive neuronal degeneration and cognitive decline in AD patients, 

thus NFTs are the desirable biomarker for AD. So we are trying to develop a tau protein imaging probe 

based on the electron donor-π-acceptor architectur for early diagnosis of AD. Here we will present the 

fluorescent quinoline derivatives for the tau-selective imaging probe. 
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Persistent oxidative stress and chronic inflammation have been implicated in Parkinson’s diseases (PD). 

Keap1-Nrf2 system is considered as an attractive strategy against oxidative stress. Since Keap1 is cysteine-

rich, Nrf2 activators such as dimethyl fumarate (DMF), which targets the cysteine residues of Keap1, has 

been developed. However, this approach is less specific to Keap1 and can cause side effect by reacting with 

other cysteines of proteins. In this study, we searched for compounds using the virtual screening approach 

and found a hit compound KKPA4026 as a direct inhibitor of the Keap1-Nrf2 protein-protein interaction 

(PPI). First, we found that KKPA4026 effectively activate Nrf2 nuclear translocation through the cell-based 

Keap1-Nrf2 assay (EC50 of 1.46 μM). KKPA4026 was confirmed to activate Nrf2 and induce expression 

of antioxidant enzymes in BV-2 microglial cells. In additions, KKPA4026 showed anti-inflammatory  

effects by reducing nitrite and pro-inflammatory cytokines in lipopolysaccharide (LPS)-stimulated BV-2 

cells. In the MPTP-induced mouse model of PD, orally administered KKPA4026 attenuated PD-associated 

motor impairment and resulted in the protection of the dopaminergic (DAergic) neurons. These results 

indicate that KKPA4026, a small molecular PPI inhibitor of Keap1-Nrf2, has neuroprotective effects and 

can be a potential candidate for PD therapy. 
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Cryptococcus and Candida are the most representative opportunistic fungal pathogens which cause fungal 

inflammation in a group of people that are impaired immunity by aging or medical issues such as organ 

transplant operation, chemotherapy, and AIDS. Particularly, Cryptococcus neoformans, a type of fungal 

pathogen that is belonging to a Cryptococcus, is easily found in soil. Its basidiospores are inhaled into the 

lungs through respiratory system, then, cryptococcal pathogens that were existing in the body cause lung 

inflammation and eventually leads to meningitis when it invades central nervous system (CNS) by passing 

through blood-brain barrier (BBB). In this study, we synthesized a series of chemical library for potent 

antifungal compounds and evaluated their potency using in vitro antifungal susceptibility test (Minimal 

inhibitory concentration (MIC)). Among the synthesized compounds, we derived KDS1090 as a potent lead 

compound by MIC test against representative fungal pathogens (MIC: C. neoformans = 4  g/mL, C. 

albicans = 16  g/mL, C. glabrata = 16  g/mL). KDS1090 exhibited excellent ADME/Tox profiles  

(microsomal stability (human): 92% remaining after 30 min; CYP inhibition (1A2, 2C9, 2C19, 2D6, 3A4): 

IC50 > 10 μM; single dose toxicity (mice): LD50 > 1,000 mg/kg). In addition, we have investigated the 

mechanism of action and found that KDS1090 may down-regulate cell wall chitin levels. Now, we are 

working on the identification of the target molecule and the optimization of the lead compound to improve 

efficacy and drug-like properties. 
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Accumulation of tau aggregates in neurons is a pathological hallmark in multiple neurodegenerative 

disorders, collectively called tauopathies. To facilitate the study of tau aggregation processes and the 

discovery of tau aggregation blockers, tau aggreagtion sensor that can monitor abnomal tau aggregation in 

neurons is important. Here, we describe that a BODIPY-fluorescence sensor (BD-tau) selectively responds 

pathological tau aggregates in live cells. We developed BD-tau, a BODIPY-based fluorescent sensor that 

detects pathological tau aggregates live cells. First, BD-tau is a fluorescence turn-on sensor. The quantum 

yield of BD-tau increased 8-fold upon binding to tau aggregates in vitro. β-sheet protein panel assay 

indicates that BD-tau has a superior specifically to tau aggregates over amyloid plaques or insulin 

aggregates. Second, BD-tau is a cell-permeable imaging probe. In live hippocampal neurons, BD-tau  

selectively labelled pathological tau aggregates. The live-cell imaging property of BD-tau might be aided 

by high cell-permeability property of BODIPY scaffold. In addition to that, BD-tau, as a live-cell imaging  

probe for detecting tau aggregates, will facilitate the investigation of tau pathology and the discovery of 

anti tau-aggregates drugs. 
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Calcium ion acts as a secondary messenger from our body to control various functions of cells. Due to the 

importance of calcium homeostasis in cell membrance and cytoplasm, the concentration of calcium ions is 

vital for a biological activity in order to maintain homeostasis. We have designed two-photon probes for 

Ca2+ derived from benzothiazole fluorene as a fluorophore and aminopolycarboxylic acid as a receptor for 

Ca2+ respectively. In addition, we have utilized benzoxazol naphthalene derivatives for Na+ as a fluorophore 

and 1-aza-12-crown-4 ether as a receptor for Na+. In this way, here we will describe dual color images of 

sodium and calcium in living cell, and the relationship between sodium and calcium through dual color 

images will be helpful in physiological and pathological studies. 
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Protein-tyrosine phosphorylation is a reversible posttranslational modification that is essential for 

eukaryotic cells. The counteracting activities of protein-tyrosine kinases (PTKs) and protein-tyrosine 

phosphatases (PTPs) regulate the level of cellular tyrosine phosphorylation. Defective or inappropriate 

operation of these networks leads to aberrant tyrosine phosphorylation, which contributes to the 

development of many human diseases including cancers, diabetes, and inflammatory disorders. 

Phosphatase of regenerating liver-3 (PRL-3) was reported to enhance cell proliferation, motility and 

invasive activity and to promote cancer metastasis when it was over-expressed. PRL-3 is bound up with  

cellular process of colorectal, ovarian, prostate and gastric cancers. According to Korea national cancer 

information center, gastric carcinoma and colorectal cancer was ranked 1st and 2nd sort of high death rate 

of cancer. In this study, we have screened 658 natural products purified from traditional oriental medicinal 

plants and identified inhibitors for PRL-3 with submicromolar Ki values. Furthermore, kinetic evaluation 

of the potent compounds demonstrates its selectivity and specificity. Therefore, these inhibitors may be an 

effective lead compound for the development of anticancer drugs. 
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We designed small molecular T2 MRI contrast agent for liver diagnosis with dysprosium. Among 

lanthanide metals, dysprosium has largest magnetic moment and curie relaxation effect in ultra-high 

magnetic field. Then, it can be used for useful T2 contrast agent replaces iron nanoparticles. The synthesized 

compounds were confirmed by analytical spectroscopic methods. The relaxivity was obtained with  

inversion recovery and multi slice multi echo sequence: 9.4 T (400 MHz, bruker, Germany). Image 

parameters for in vivo experiment are as follows: TR = 2500 msec; TE = 18.33msec; 35 × 35 × 30 mm 

FOV; 128 ×128 ×30 matrix; 1.0 mm slice thickness; RARE factor = 8; scan time = 40 sec. The relaxivities  

in 9.4 T are 0.31, 2.60 mM-1s-1. This field-dependence relaxivity is due to increasing of curie relaxation  

portion that increases over external magnetic field especially in T2 relaxation. From these relaxivity results, 

in vivo enhancement shows 30% negative contrast enhancement than pre images. The results show that this 

small complex might be useful as T2 agent in ultra-high field MRI. In addition, it is also demonstrated that 

is valuable to diagnose liver cancer with hepatobiliary property. 
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T-cell protein tyrosine phosphatase (TCPTP) is a classical non-receptor type PTP encoded by the PTPN2 

gene. TCPTP is ubiquitously expressed in embryonic and adult cells, and highly expressed in hematopoietic 

tissues. TCPTP negatively regulates numerous signaling pathways like JAK/STAT pathway and biological 

processes like hematopoiesis, inflammatory response, cell proliferation and differentiation. Altered PTPN2 

expression may contribute to T1D susceptibility.In the present work, we have screened phytochemical 

library consisting of 658-purified single compounds for potent and found selective inhibitors of TCPTP. 

After screening assay, several hit compounds were studied in detail about Ki values and inhibition types 

(like allosteric binding inhibitor or slow binding inhibitor). This study will lead to new direction to treat the 

clinical disease, type-1 diabetes. 
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In recent years, several studies have suggested that oxidative stress and neuroinflammation play a critical 

roles in the pathogenesis of neurodegenerative diseases, including Parkinson disease (PD) which is 

characterized by abnormalities in motor control and muscle rigidity. Especially, oxidative stress causes the 

striatal dopamine (DA) deficiency by neuronal loss in the substantia nigra (SN). We have focused on the 

fact that nuclear factor-E2-related factor-2 (Nrf2) signaling is a key pathway for cellular defense systems 

against oxidative stress. Nrf2 is a transcription factor that regulates environmental stress response by 

inducing expression of various antioxidant enzyme genes. We have previously synthesized and reported 

novel vinyl sulfone derivative (KDS4048) as Nrf2 activator. Here, we changed vinyl sulfone group in 

KDS4048 with either vinyl sulfone amine or vinyl sulfonate. We observed that the effect of the vinyl 

sulfone amine derivative (KDS4069) on Nrf2 activation was greatly reduced (KDS4069 EC50 = 6.35 μM). 

Interestingly, the vinyl sulfonate derivative (KDS4070) exhibited remarkably excellent effect on Nrf2 

activation (KDS4048 EC50 = 0.530 μM vs KDS4070 EC50 = 0.076 μM). The new Nrf2 activator, 

KDS4070, was confirmed to induce expression of the Nrf2 dependent antioxidant enzymes such as GCLM 

and HO-1 at protein levels in microglial BV-2 cells. In addition, KDS4070 protected DAergic neurons and 

consequently attenuated PD-associated behavioral deficits in the MPTP-induced mouse model of PD. We 

are conducting additional experiments to evaluate in vitro & in vivo efficacy of KDS4070. 
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On the basis of the structural motifs of GSK5182, we have successfully demonstrated the synthesis of 

compound libraries that are more selective against ERRγ inverse agonists with improved absorption, 

distribution, metabolism, excretion, and toxicity (ADMET) profiles. Moreover, we have broadened the 

therapeutic scope of these compounds based on our findings that GSK5182 facilitates the responsiveness 

to radioiodine therapy by modulating sodium iodine symporter (NIS) function in anaplastic thyroid cancer 

(ATC) cells via ERRγ and MAP kinase signaling pathway. On the basis of these encouraging results, we 

have validated the most promising compound of GSK5182 analog from our previous studies for its ability  

to enhance NIS protein function, which is a key protein for radioiodine therapy, in ATC cells. However, 

we remain attentive to the development of small ERRγ ligands with much more enhanced pharmacological 

and ADMET profiles. 
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Enzyme responsive MOF gatekeeper system for combined therapy to 

increase cancer therapy effect 
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Nanoparticles are interested in cancer treatment. Nanoparticles can load hydrophobic drugs and cancer 

target ligands can easily be transformed into nanoparticles. Targeting ligand modified nanoparticle can 

deliver hydrophobic cancer drug to specific cancer cell.These nanoparticles can reduce the side effects of 

drugs. However, this nanoparticle delivery system has several problems which drug leakage and low drug 

loading capacity. Here we show HA coated Zr (IV) based porphyrinic metal organic framework (MOF) 

nanoparticles for controlled drug release and dual cancer therapy systems by enzyme stimuli. Hydrophobic 

drugs have been loaded into MOF which has large capacity and pore size. In addition, porphyrin-based 

MOF can be used for photo dynamic treatment. Hyaluronic acid (HA) is easily modified to MOF surface 

by coordination with Zr ions. HA enhances biocompatibility and imparts cancer targeting capabilities to 

MOF. 
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Enantioselective Synthesis of a Novel Thiazoline Core as a Potent 

Peroxisome Proliferator-Activated Receptor δ Agonist 
 

Su-Jeong Lee, Sung Jin Cho*, Jungwook Chin*, Jina Kim 

 
New Drug Development Center, Daegu Gyeongbuk Medical Innovation Foundation, Korea 

  

The convergent and enantioselective synthesis of a highly potent human peroxisome proliferator-activated 

receptor delta agonist is presented. More specifically, the thiazoline structure, which constitutes the 

biosynthetically distinctive core structure of pulicatin (a secondary metabolite of symbiotic bacteria), was 

synthesized from a commercially available and inexpensive chiral pool of L-threonine. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-618 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Nitric oxide releasing core-shell nanofibers to control NO’s release 

properties 
 

Yeong Rim Kim, Kihak Gwon, Min Heo, Jae Ho Shin* 
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Nitric oxide (NO), a diatomic free radical is well known as a biological messenger in several physiological 

roles including angiogenesis and vasodilation in human body. Recently, studies on the regenerative capacity 

of NO have been reported to replace costly cell therapy agents in regenerative medicine. However, 

previously reported studies had a significant disadvantage that is trouble in controlling the release properties 

of NO. Herein we fabricate core-shell nanofibers by electrospinning: N-diazeniumdiolate-based NO 

releasing core nanofibers modified with hydrophobic silicone/polyurethane co-polymer as a shell structure. 

Such core-shell nanofibers are able to control NO release kinetics by tuning the hydrophobicity and 

thickness of the shell. N-Diazeniumdiolate as a NO donor moiety is decomposed by hydrogen ions and 

releases NO. When the hydrophobic polymer applied to the surface of the core nanofiber as a shell part, it 

took time for the hydrogen ions to reach to the N-diazeniumdiolated core, eventually resulting in retardation 

of NO release. The structure of nanofibers will be characterized by scanning electron microscopy (SEM), 

transmission electron microscope (TEM), and contact angle measurement. Nitric oxide release properties 

will be monitored using a chemiluminescence nitric oxide analyzer. 
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Biologically active compounds from Mucunae Caulis 
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In our continuing search for anti-oxidative and anti-cholinesterase compounds from oriental medicinal plant, 

Mucunae Caulis was examined and here we report the progress on the purification and structural 

determination of anti-cholinesterase compounds. From the 100% methanol extract of M. Caulis (500g), 

solvent partition fractions were prepared by using n-hexane, chloroform, butanol, water. Among them 

chloroform fraction showed strong anti-oxidation, *BuChE inhibition, and tyrosinase inhibitory activities. 

Bioactive compounds were purified through a series of various chromatographic methods. Biological 

activities and structure determination of the bioactive compounds will be presented.*BuChE : 

butyrylcholinesterase 
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Anti-oxidative compounds from Galla Rhois 
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In our continuing search for anti-oxidative, anti-cholinesterase and anti-tyrosinase compounds from oriental 

medicinal plants, Galla Rhois was examined. Here we report the progress on the purification, biological 

activities and structural determination of the two isolated compounds.From the 100% methanol extract of 

Galla Rhois, solvent partition fractions were prepared by using n-hexane(14-GRM-H), chloroform(14-

GRM-C), butanol(14-GRM-B) and water(14-GRM-W). Among them 14-GRM-B showed strong anti-

oxidative, *BuChE inhibitory and tyrosinase inhibitory activities. The 14-GRM-B of Galla Rhois showed 

84% DPPH radical scavenging activity, 81% BuChE inhibitory activity and 62% tyrosinase inhibitory 

activity at 100 ppm. Using a series of ODS open column and Sephadex LH-20 column chromatographic 

purification steps, two compounds, 14-GRM-B-1-3 and 14-GRM-B-1472 could be purified. At 100 ppm, 

they showed anti-oxidative activity as 92.0, 74.8%, respectively. The chemical structure of 14-GRM- B- 1-

3 was determined by 1H NMR and comparison of HPLC chromatogram with reference compounds. The 

chemical structure of 14-GRM-B-1472 was determined by 1H, 13C NMR, 2D NMR(HSQC and COSY 

NMR) and MS analysis. 14-GRM-B-1-3 and 14-GRM-B-1472 were turned out to be gallic acid and 

trigalloylglucose(TGG), respectively. * BuChE : Butyrylcholinesterase 
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Synthesis of biodegradable nanofibers as a nitric oxide (NO) storage 

and delivery scaffold 
 

Kihak Gwon, Jae Ho Shin*, Yeong Rim Kim 
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Nitric oxide (NO) is one of the smallest gaseous mediators and has been involved in a variety of 

physiological processes such as angiogenesis, apoptosis, immune response, vasodilation, and wound 

healing. These versatile functions have motivated researchers to develop diverse NO storage and release 

system for numerous biomedical applications. Several synthetic NO releasing materials have been 

extensively explored to store and deliver NO safely and effectively. Especially, electrospun nanofibers as 

NO carriers have been received a great interest due to their simple fabrication, high surface area, facile  

functionalization, and tunable mechanical properties. Recently, our laboratory has developed a series of 

NO-releasing nanofibers via sol-gel chemistry for covalent bonding between N-diazeniumdiolate-modif ied  

aminoalkoxysilane and silyl-modified polymethylmethacrylate (PMMA), exhibiting tunable NO storage 

amount and release kinetics. However, PMMA-based nanofibers are difficult to be degraded in 

physiological conditions, eventually restricting its biomedical applications. Herein, we demonstrate the 

synthesis of NO-releasing, biodegradable nanofibers using a natural polymer, hyaluronic acid as a backbone 

polymer. NO donor N-diazeniumdiolates are covalently bound to hyaluronic acid via use of appropriate 

conjugation chemistry. Various synthetic parameters are tuned to control fiber diameter, degradability, and 

NO release properties (e.g., total NO release amount, half-life time, and maximum flux). 
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Design, Synthesis and Biological evaluation of Non-Steroidal Scaffold 

Derivatives as TGR5 Agonist 
 

Chang Yong Lee, SeHee Jang1, Hun Yeong Koh* 
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1Inha University, Korea 

  

Type 2 diabetes is a disease that causes the higher blood glucose level when there is the reduced insulin 

sensitivity or a problem with insulin secretion. Therefore, the aim of diabetes treatment is to lower blood 

glucose levels by promoting glucagon-like peptide-1(GLP-1) secretion1. GLP-1 is regulated by the Takeda 

G-protein coupled receptor5 (TGR5) which is one of the G- protein-coupled receptors(GPCR) for bile acid. 

In this study, new 7-(pyridine-4-yl)-2,3,4,5-tetrahydrobenzo[f][1,4]oxazepine derivatives were synthesized 

by Suzuki-Miyaura coupling reaction using microwave reactor2 and evaluated their biological activities in 

vitro 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-623 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Synthesis of the Novel SHIP2 Inhibitors for the Treatment of 

Alzheimer’s Disease 
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LIM3 
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Alzheimer’s diseases (AD) is a chronic neurodegenerative disease that is most common case of dementia. 

The hallmarks of Alzheimer’s diseases are the senile plaque which is composed of Amyloid beta (Aβ) 

peptide and neurofibrillary tangles (NFTs) consisted of mainly hyperphosphorylated tau protein in the brain. 

However, the pathological link between Aβ and tau remains unknown. Recent studies have suggested that 

inhibition of lipid phosphatase known as SH2 domain-containing inositol 5’-phosphatase 2 (SHIP2) 

rescued tau hyperphosphorylation and improved memory impairments. Furthermore, interaction between 

SHIP2 and FcgRIIb is critical in Aβ1-42 induced tau pathology. The binding of Aβ1-42 to FcgRIIb induces 

ITIM phosphorylation and SHIP2 is recruited to interact with FcgRIIb. SHIP2 increases Ptdins(3,4)P2  

levels by dephosphorylation of 5-phosphate group from Ptdins(3,4,5)P3 resulting in Gsk3β activation 

followed tau hyperphosphorylation. Therefore, Inhibition of SHIP2 protein can be a potent therapeutic 

strategy for Aβ1-42 induced tau hyperphosphorylation pathology in AD. In order to discovery SHIP2 hit 

compounds, the phosphatase assay with malachite green carried out our in house and commercial 

compound libraries. The high-throughput screening produced, several hit compounds and we synthesized 

new derivatives based on the scaffolds of hit compounds. Consequently, we could find out some compounds 

with improved physicochemical properties. The optimization of novel SHIP2 inhibitor is now in progress 

and these compounds will be help to understand physicochemical functions of SHIP2 and pathological 

pathways of AD. 
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Development of novel scaffold for Focal adhesion kinase and Fms like 

tyrosine Kinase 3 dual inhibitor 
 

Hanna Cho, Injae Shin1, Taebo Sim2,* 
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1Korea University, Korea 
2Chemical Kinomics Research Center, Korea Institute of Science and Technology, Korea 

  

Focal adhesion kinase (FAK) plays central role in building focal adhesion associating with cell attachment 

and signal transduction. FAK is elaborately controlled and dysregulated FAK causes tumorigenesis and 

metastasis phenotype. In highly invasive and metastatic human cancers, hyper activation or elevated 

expression of FAK are founded. Thus, targeting FAK kinase domain has been regarded promising strategy 

to treat cancers bearing malfunctioned FAK. Here, we discovered a new scaffold and synthesized 28 

derivatives for developing FAK inhibitor. Through SAR study within biochemical assay and constitutively 

activated FAK-transformed Ba/F3 system, we identified compound 10 exhibiting great potency against 

recombinant FAK and Ba/F3-FAK cell. In the in vivo studies using MDA-MB-231 cells-inoculated 

xenograft and orthotopic mouse model, 10 demonstrated a good bioavailability and significant suppression 

of the tumor growth and metastasis without appreciable toxicity. These data collectively support the 

potential of 10 to be an effective treatment for FAK-deregulated metastatic cancers. 
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First SAR Study for Overriding NRAS Mutant Driven Acute Myeloid 

Leukemia 
 

Injae Shin, Hanna Cho, Taebo Sim1,* 
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GNF-7, a multi-targeted kinase inhibitor, served as a dual kinase inhibitor of ACK1 and GCK, which 

provided a novel therapeutic strategy for overriding AML expressing NRAS mutation. This SAR study 

with GNF-7 derivatives, designed to target NRAS mutant-driven AML, led to identification of the 

extremely potent inhibitors, 10d, 10g and 11i, which possess single-digit nanomolar inhibitory activity 

against both ACK1 and GCK. These substances strongly suppress proliferation of mutant NRAS expressing 

AML cells via apoptosis and AKT/mTOR signaling blockade. Compound 11i is superior to GNF-7 in terms 

of kinase-inhibitory activity, cellular activity and differential cytotoxicity. Moreover, 10k possessing a 

favorable mouse pharmacokinetic profile prolonged life-span of Ba/F3-NRAS-G12D injected mice and 

significantly delayed tumor growth of OCI-AML3 xenograft model without causing the prominent level of 

toxicity found with GNF-7. Taken together, this study provides insight into the design of novel ACK1 and 

GCK dual inhibitors for overriding NRAS mutant-driven AML. 
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Construction of Thiazolopyrimidinone using Solid-phase Synthesis 
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Combinatorial chemistry play an important role in the area of drug discovery process and medicinal 

chemistry. In the chemistry, Solid-phase organic synthesis is a method in which generate chemical library  

and necessary to search of drug-like compound. Through this method, we have studied about the 

construction of heterocyclic compounds because heterocyclic compounds serve as key structural 

component of bioactive molecules. In this study, we have an interested in heterocyclic compound 

containing thiazolopyrimidinone moiety. The substituted thiazolopyrimidinone derivatives are a useful 

scaffold found in wide range of important biological activities. For example, GHS-R1a antagonists and 

inverse agonists for the treatment of obesity, selective Pl3K-beta inhibitors, anti-tumor EGFR tyrosine 

kinase inhibitors, melanin-concentrating hormone receptor 1(MCH R1) antagonists. In addition, 

thiazolopyrimidinone derivatives reported to exhibit antiviral, antimicrobial, neurotropic, antihistaminic, 

antihypertensive and analgesic. Thus the thiazolopyrimidinone and fused-thiazolopyrimidinone 

heterocycles are important structural components of biological activities, and, as a result, it is necessary to 

build the thiazolopyrimidinone derivatives library by way of solid-phase synthesis. Synthesis of these 

derivatives was carried out using Merrifield resin, which is a solid support, after alkylation, cyclization and 

oxidation, reacted with various nucleophiles to finally obtain thiazole-fused ring derivatives with good 

purity and yield. 
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Efficient Syntheses of 1,2,3-Triazoloamide Derivatives Using Solid-

Phase Synthetic Approaches 
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Efficient synthesis method for the preparation of secondary 1,2,3-triazoloamide derivatives were developed. 

A secondary α-1,2,3-triazoloamide library was constructed and expanded by a previously developed solid-

phase synthetic route. The synthetic routes rely on amide formation with secondary amines and chloro-acid 

chlorides; SN2 reaction with sodium azide; and the selective [3 + 2] Hüisgen cycloaddition with appropriate 

terminal alkynes. The target secondary 1,2,3-triazoloamide derivatives were obtained with three-diversity 

points in excellent overall yields and purities using the reported solid-phase synthetic routes, respectively 
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Regulation of AIMP2-DX2, oncogenic splicing variant using small 

molecule 
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Aminoacyl-tRNA synthetase-interacting multifunctional protein 2 (AIMP2) is a potent tumor suppressor 

inducing apoptosis upon various signals. AIMP2-DX2, an exon2-deleted splicing variant of AIMP2, is 

upregulated in several cancer cells and competitively suppresses the pro-apoptotic activity of AIMP2 

resulting in tumorigenesis. We identified that a series of hydrazone derivatives inhibited the expression of 

AIMP2-DX2. Herein, we report that 1) how new scaffolds were designed and validated; 2) optimization  

process through syntheses and evaluation of derivatives; 3) structure-activity relationship (SAR) analysis 

of a series of compounds; 4) profiles of validated hits. Additionally we disclose the results of in vivo assay. 
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Synthetic aryloxazole derivative actsas a strong anti-glioblastoma 

agent by inhibiting P-gp 
 

HyeanJeong Jeong, Yun Kyung Kim1,* 
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Glioblastoma (GBM) is the most maliganat type of glioma which is arising from glial cells. Despite the 

aggressive treatment such as surgical resection with chemo-.and radiation therapy, most patients develop 

recurrent glioblastoma. The survival time of the patients bearing reccurent glioblastoma is merely 6 months 

on average. To increase the survival rate, more effective anti-glioblastoma agents that suppress tumor 

growth and migration are urgently required. However the conventional anti-cancer agents have been 

difficult to be applied for targeting glioblastoma effectively due to their low blood brain-barrier (BBB) 

penetration. P-glycoprotein, an efflux hemembrane transporter, is responsible for limiting brain uptake of 

small and hydrophobic drug substances.To develope brain-penetrable anti-tumor agents, an aryloxazo le 

moiety, which is known to inhibit P-glycoprotein, have been introduced to colchicine derivatives. This 

synthetic aryloxazole derivative, named KIST-G1, showed the strongest anti-tumor effect, together P-

glycoprotein inhibitory activity. With the aid of BBB-permeable properties, KIST-G1 inhibits glioblastoma 

cell growth and migration almost completely in the orthotopic glioblastoma xenograft models. This results 

demonstrate the effectiveness of an aryloxazole moiety to targeting brain tumor and suggest KIST-G1 as a 

potent anti-glioblastoma agent. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-630 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Novel 3,6-disubstituted indazole derivatives, multi-targeted kinase 

inhibitors to overcome anaplastic thyroid cancer 
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Anaplastic thyroid cancer (ATC) in thyroid cancer is rare, lethal malignancy solid tumor with median  

survival of 3 to 6 months. It carries a poor prognosis without any effective treatment for therapy been 

established. It is true that BRAF V600E mutation is the importance in oncogenesis of thyroid cancer but 

inhibition of only the BRAF V600E is not enough for proliferation arrest against BRAF V600E mutated 

papillary (PTC) and undifferentiated thyroid cancer such as ATC and Poor differentiated thyroid cancer 

(PDTC). Sorafenib, a multitargeted kinase inhibitor, inhibits the angiogenesis and growth of orthotopic 

anaplastic thyroid carcinoma xenografts in nude mice. These reports is to prove that a multi-target kinase 

inhibitor is need to overcome ATC.In this respect, we approached designing BRAF V600E inhibitors 

starting from molecular modeling to identify synthesized 3,6-disubstituted indazole scaffold as a novel 

therapeutic agent that targets dysregulated signal pathways in ATC. Most of the compounds showed potent 

anti-proliferative activity against 8505C (BRAF V600E), SW1736 (BRAF V600E) and HTH-7 (wtBRAF) 

cell lines, the most promising compound. Compound 7g was inhibit to BRAF, BRAF V600E, CRAF, RET, 

YES/YES1, PDGFRa, c-Src, FMS with an IC50 value of 13.6 nM, 1.97 nM, 2 nM,  
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Synthesis and evaluation of novel multi-chelator tether for mAb 

radiolabeling 
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Monoclonal antibody (mAb) can be labeled with various radiometals for imaging or targeted radionuclide-

therapy applications. Although several numbers of amine or cysteine on mAb can be conjugated with NCS-, 

NHS-, or maleimide-chelator, there is a limited number of available amine or cysteine for radiolabeling. In 

this study, we designed multi-chelator tether having several chelators. Multi-chelator tether was synthesized 

via solid phase peptide synthesis (SPPS) and evaluated for its labeling efficiency with 64Cu. And also we 

evaluated its stability using rat and human serum in vitro. Multi-chelator tether is expected to increase the 

specific activity of radiolabeled mAb without depleting available amine or cysteine on the mAb. 
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Synthesis and in vitro stability evaluation of 89Zr-labeled Repebody as a 

PET imaging agent for EGFR expression in the tumor 
 

Seong Hui Yi, Eunbi Shin, Kyo-Chul Lee, JUNG-YOUNG KIM* 
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Repebody(rEgH9) was recently developed as a non-antibody scaffold which has high specificity and 

binding affinity (Kd = 301 pM) for an epidermal growth factor receptor (EGFR)[1]. In this study, we 

radiolabeled DFO-rEgH9 with 89Zr for PET imaging of EGFR expression in the tumor. The precursor, 

DFO-rEgH9 was prepared from DFO-benzyl isocyanate and repebody rEgH9 for 30 min at 50 oC. 

Radioligand 89Zr-DFO-rEgH9 was identified by the radio-TLC and evaluated stability in mouse and human 

serum in vitro. The radiochemical yield and purity of 89Zr-DFO-rEgH9 were 95% and 98%, respectively. 
89Zr-DFO-rEgH9 was stable up to 24 h in both mouse and human serum in vitro. These results showed that 
89Zr-DFO-rEgH9 has a potential as an imaging agent for EGFR overexpressed tumor.[1] Ange. Chemie-int. 

Ed. 54, 12020-12024(2015) 
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Synergistic Anti-Cancer Effect of Vandetanib (RTK-inbibitor) and an 

SHP2 inhibitor towards T cell-Acute Lymphoblastic Leukemia (T-
ALL) 
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FDA -approved vandetanib is a small-molecule receptor tyrosine kinase (RTK) inhibitor that is used in 

cancer treatment. However, resistance to vandetanib can be developed within a few years, resulting in 

cancer relapse. SHP2 is a key enzyme in the RAS/ERK signaling pathway associated with RTK and Ras 

proteins and is a key mediator of programmed cell death 1 and B- and T-lymphocyte attenuator immune 

checkpoint pathways. Based on the involvement of SHP2 and RTK in cell proliferation, we hypothesized 

that simultaneous inhibition of SHP2 and RTK could result in a potent anticancer effect overcoming cellular 

resistance to vandetanib. However, the majority of SHP2 inhibitors suffer from poor selectivity as they also 

target various other protein tyrosine phosphatases (PTPs), presumably due to the highly conserved active 

site of PTPs. To search SHP2 inhibitors, we screened 658 phytochemicals to identify many natural product 

SHP2 inhibitors with strong inhibitory activity, however only polyphyllin D and demethylzeylasteral 

showed inhibitory selectivity to SHP2 over other PTPs although their inhibitory activities are 

moderate.Furthermore, T-cell acute lymphoblastic leukemia cell lines were treated with vandetanib and the 

selected SHP2 inhibitors. Combination index values were determined to demonstrate that vandetanib and 

SHP2 inhibitor show synergistic inhibition of cancer cell growth. Increase in PARP cleavage and caspase-

3 activation was observed, meaning that the combination of vandetanib and SHP2 inhibitors induce stronger 

cancer cell apoptosis compared to vandetanib or SHP2 inhibitor only. 
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Honokiol ether derivatives for Butrylcholinesterase Inhibitor 
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We have been trying to find out new drug candidate compounds for Alzheimer's drugs based on the 

cholinergic theory. Honokiol is one of the major active component of the genus Magnolia having 

antitumorigenic, neurotrophic, antithrombotic, anti-inflammatory, antioxidant, and antiviral activity, etc. 

Honokiol ether derivatives were synthesized by the Wiliamson ether synthesis reaction between honokiol 

and alpha-halo esters or amides. In vitro cholinesterase [acetylcholinesterase (AChE) and 

butyrylcholinesterase (BuChE)] inhibitory activities were evaluated by using Honokiol ether derivatives. 

The IC50 value of compound 1 is 0.11±0.34μM which is more effective IC50 value than galantamine (IC50 

= 9.4±2.5μM againstBuChE). 
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Potent New scaffold Inhibitor of Fibroblast Growth Factor Receptors 

 

SeongShick Ryu, Yunju Nam, Taebo Sim1,* 

 
Korea University, Korea 

1Chemical Kinomics Research Center, Korea Institute of Science and Technology, Korea 

  

Fibroblast growth factor receptors (FGFRs) are a family of four receptor tyrosine kinases and each of the 

four FGFRs (FGFR1−4) consists of three extracellular immunoglobulin domains, a single transmembrane 

domain, and a cytoplasmic tyrosine kinase domain. Fibroblast growth factors (FGF) and their receptors 

(FGFR) tightly regulate key cell proliferation, differentiation, migration and survival. Dysregulation of the 

FGF/FGFR signaling pathway has been related with many cancers. Genetic alterations that constitutively 

activate FGFR including amplification and mutation drive activation of the FGFR and the downstream 

pathway in various malignant tumors and are reported to be related with cancer cell growth, angiogenesis, 

cell migration, invasion and metastasis. FGFR1 amplification is reported squamous non-small cell lung 

carcinoma and hormone receptor-positive breast cancers. FGFR2 is amplified and mutated in about 10% 

gastric cancer, 4% triple-negative breast cancers and 10% of endometrial cancer. Moreover, mutations of 

FGFR3 are found in about half of bladder cancers, which are strongly associated to low-grade tumors. 

Therefore, the inhibition of FGFR signaling is could be a good therapeutic option for cancer. 
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Characteristics of Drug Delivery Contact Lens with Monomer and 

Tear pH 
 

Guen hei Kim, Hyeran Noh1,* 

 
Convergence Institute of Biomedical Eng. & Bio., Seoul National University of Science & Technology, 

Korea 
1Department of Optometry, Seoul National University of Science & Technology, Korea 

  

We developed soft contact lens for drug delivery on physiological tear pH range of 5.8 ~ 8.35. In this study, 

HEMA (hydroxyethyl methacrylate) - based drug contact lenses were prepared and their drug release with  

monomer (-VP (vinylpyrrolidone), -NIPAAm (N-isopropylacrylamide), -TRIM (3-(trimethoxysilyl)propy l 

methacrylate)) and tear pH were investigated. Drug contact lenses were immersed in buffer (pH 5.80 ~ 8.03) 

and released drug amount were analyzed, using UV spectrophotometer. As a result, at weak basicity (pH 

8.03), the cumulative release of HPMC from contact lens (p-HEMA-VP) were increased. On the other hand, 

contact lenses polymerized with NIPAAm or TRIM released less drug amount. With change of functional 

monomers, concentration, such as -VP, -NIPAAm, were controlled, the hydrogel lens were swelled or de-

dwelled due to electric repulsive or attractive forces between ions in tear solutions and the monomers. 

Anionic hydrogels in acidic solution was observed to be shrunken due to the electric attractive forces within  

the hydrogel network; the opposite phenomenon appears when the solution is basic. In conclusion, anionic 

or cationic polymer based contact lens can be utilize as selective drug-releasing media considering tear pH 

depending on ophthalmic diseases. 
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FcRn Receptor-Targeted Oral Delivery for Type 2 Diabetes Mellitus 

 

SunHwa Lee, Yong-kyu Lee1,* 
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Oral delivery has the potential to easy administration and increase drug absorption for type 2 diabetes. To 

increase DNA condense between lgG Fc fragment and GLP-1 gene, nine arginine groups conjugated with 

C-terminus of human lgG1 Fc fragment (hlgG-Fc-9Arg) because Arginine is cationic amino acid. An 

antibody- complex penetrates into the cells by interacting with cell receptors, it is important to understand 

their biological roles and requirements for efficient targeting. In this study, we showed an efficient ratio of 

hlgG-Fc-9Arg/pDNA to cellular uptake and release therapeutic proteins such as Glucagon-like peptide 

1(GLP-1) in FcRn receptor expressed cells in vitro. An in vivo type 2 diabetes treatment study by oral 

administration of hlgG1-Fc-9Arg/pDNA complexes showed absorption in GI track to balb/c male mice. 

The oral delivery of hlgG-Fc-9Arg/pDNA complexes to target cell delivery appears a promising approach 

to achieve potent treatment of type 2 diabetes. 
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Anti-inflammatory potential of Sparganium erectum L. on LPS-

stimulated RAW 264.7 macrophage Cells 
 

Min-Jin Kim, Chang-Hee Kang, Sangmi Yu, CHULHWAN KIM, Sang Chul Jeong* 

 
Freshwater Bioresources Utilization Bureau, Nakdonggang National Institute of Biological Resources, 

Korea 

  

The stem of Sparganium erectum L.(SEL), one of the aqatic plants, has been reported to have been used as 

a medicinal herb, but lacks a scientific basis. Also, It is unknown whether SEL modulate the inflammatory  

response in RAW 264.7 macrophage cells. The present study was therefore designed to elucidate the 

pharmacological and biological effects of SEL on the production of pro-inflammatory cytokines and 

inflammatory mediators in macrophages. The results indicate that SEL is an effective inhibitor of 

lipopolysaccharide(LPS)-induced nitric oxide(NO) and prostaglandin E2(PGE2) production in RAW 

264.7cells. SEL significantly inhibited NO and PGE2 production with an IC50 value of 100 μg/mL and 200 

μg/mL. Moreover, SEL could effectively inhibit the LPS-induced production of pro-inflammatory  

cytokines such as IL-6 and TNF-α in a concentration-dependent manner and decreased to about 48% , 54.6% 

at a concentration of 200ug/mL. SEL effectively attenuated the expression of inflammation-mediat ing  

enzymes, inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), at the protein level in a 

concentration-dependent manner. To assess the suitability of SEL for cosmetic applications, we also 

performed MTT assays on HaCaT keratinocytes. SEL did not display any cytotoxicity in these assays.In 

conclusion, this study not only provides more evidence that SEL exerts anti-inflammatory activity in 

macrophage cells, but also sheds light on the potential use of SEL as an attractive candidate for treatment 

of various inflammation-associate disease 
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COX-2 targeting indomethacin conjugated fluorescent probe 

 

Sohyun Lee*, Jongseung Kim 
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With the aim of selective bioimaging of cancer cells, we synthesized and characterized an indomethacin-

conjugated fluorescence probe, IQ-1. The probe IQ-1 was non-cytotoxic, and using confocal fluorescence 

microscopy we observed that its fluorescence intensity in various human cells depended on the COX-2 

levels. Compared with normal cell lines (RAW 246.7 and fibroblast cells), the probe showed an increased 

fluorescence in cancer cells (OVCAR 3, HepG2, and HeLa cells) where COX-2 is overexpressed. LPS-

treated inflamed cell lines (RAW 264.7 cells and fibroblast cells) with high COX-2 levels also showed 

enhanced fluorescence. On the other hand, upon co-treatment with a COX-2 inhibitor such as indomethacin 

or aceclofenac, the fluorescence intensity of IQ-1 in HeLa cells was decreased. From these results, we 

confirm that the newly synthesized IQ-1 has a remarkable targetability towards cancer cells over normal 

cells with respect to the COX-2 levels, and can be used as a selective bioimaging agent for cancer cells. 

Therefore, IQ-1 could be structurally modified for use as a cancer-labelling tool with improved cellular 

uptake, which is crucial for efficient diagnosis and therapeutic monitoring in precision medicine as part of 

standard patient care. 
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Synthesis and Molecular Modeling Studies of N`-

Hydroxyindazolecarboximidamides as NovelIndoleamine 2,3-
Dioxygenase 1 (IDO1) Inhibitors 

 

AhRa Go, HEE NANG CHOI, Jong Yeon Hwang*, Hyunjin Kim1, jae du ha2 

 
Center for Medicinal Chemistry, Korea Research Institute of Chemical Technology, Korea 
1Bio & Drug Discovery Division, Korea Research Institute of Chemical Technology, Korea 

2WCI, Korea Research Institute of Chemical Technology, Korea 

  

Indoleamine 2,3-dioxygenase 1 (IDO1) is an immunosuppressive enzyme that is highlyoverexpressed in 

various cancer cells and antigen-presenting cells. It has emerged as an attractivetherapeutic target for cancer 

immunotherapy, which has prompted high interest in the developmentof small-molecule inhibitors. To 

discover novel IDO1 inhibitors, we designed and synthesized aseries of N0-

hydroxyindazolecarboximidamides. Among the compounds synthesized, compound8a inhibited both 

tryptophan depletion and kynurenine production through the IDO1 enzyme.Molecular docking studies 

revealed that 8a binds to IDO1 with the same binding mode as theanalog, epacadostat (INCB24360). Here, 

we report the synthesis and biological evaluation of thesehydroxyindazolecarboximidamides and present 

the molecular docking study of 8a with IDO1. 
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Discovery of novel N-cyclohexylpyrimidin-4-amine derivatives as 

Tyro3 kinase inhibitors 
 

DukWoon Kim, Hyeon Seok jung, YEONKYUNG LEE1, Jong Yeon Hwang2, Do Hyun 
Ryu, Sung Yun Cho3,* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

1Chungnam National University, Korea 
2Center for Medicinal Chemistry, Korea Research Institute of Chemical Technology, Korea 
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The TAM (Tyro3, Axl, Mer) family of receptor tyrosine kinases (RTKs) are aberrantly expressed in 

multiple hematological and epithelial malignancies. TAM receptor and Gas 6 a ligand of TAM receptors, 

are overexpressed in a variety of solid tumors and hematological cancers. Of the TAM receptors, Axl 

receptor is overexpressed in tumor tissues, such as breast cancer, renal cell carcinoma, GBM, ovarian cancer, 

pancreatic cancer, and esophageal cancer. Mer receptor plays also major role in multiple myeloma and 

acute lymphoblastic leukemia, and has been elucidated as a novel therapeutic target in GBM. Tyro3 is less 

studied and recently identified as Tyro3 expression decreases survival of malignant melanoma cell. 

Recently, it has been reported that Tyro3 is being proposed as a drug target for breast cancer and colorectal 

cancer. Thus, regulating the function of Tyro3 could be an important therapeutics for the various cancer 

treatment. Moreover, it has been elucidated that Tyro3 plays a major roles in tumor micro-environment , 

deeply related with tumor associated macrophage (TAM). Thus, the development of selective inhibitors of 

TAM receptors, particularly Tyro3, has been considered as a possible methodology to overcome the side 

effects of TAM receptor inhibition and improve tumor micro-environment. In this report, we synthesized a 

series of novel N-cyclohexylpyrimidin -4-amine derivatives that were substituted with aniline moieties and 

evaluated for TAM kinase inhibitory activity and some of the compounds displayed excellent selectivity in 

vitro enzyme assay. 
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Discovery of Mutant-Selective BCR/ABL-T315I Inhibitors with 

Reduced Adverse Effects 
 

Yunju Nam, Taebo Sim1,* 
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1Chemical Kinomics Research Center, Korea Institute of Science and Technology, Korea 

  

Chronic myeloid leukemia (CML) has been overcome by the development of imatinib, the small-molecu le 

inhibitor of BCR/ABL kinase. However, resistance to imatinib mainly derived from point mutation in 

gatekeeper region (T315I) has motivated the development of next generation BCR/ABL inhibitors. 

Ponatinib is the only clinically approved tyrosine kinase inhibitor that overcomes BCR/ABL-T315I mutant, 

however it shows cardiotoxic adverse effects such as vascular occlusive events derived from its significant 

VEGFR2 inhibitory activity. Herein, we report novel 1,6-disubstituted-1H-indole derivatives as highly 

potent on BCR/ABL-T315I with marginal VEGFR2 inhibition. Among them, pharmacologically optimized  

compound 6d displayed significant in vivo efficacy in bioluminescent xenograft models using BCR/ABL-

T315I Ba/F3 cell lines without notable adverse effects. 
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Efficient and Rapid synthesis of 3,4 unsubstituted isoqunolin-1(2H)-

one under Mild conditions 
 

Akshay Takwale, Yeong Uk Jeon1, Jong Yeon Hwang2,* 
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1pharmacy, Sungkyunkwan University, Korea 
2Center for Medicinal Chemistry, Korea Research Institute of Chemical Technology, Korea 

  

We have Depicted the simple and efficient synthesis of 3,4 unsubstituted isoqunolin-1(2H)-one derivatives. 

Initiating with the coupling of vinyl ethers with different amines followed by rapid intramolecular 

cyclisation involving Acidic conditions at room temperature. The product thus obtained is further involved 

in Suzuki coupling reaction in some of our derivatives. 
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Induced degradation of cereblon (CRBN) by a proteolysis targeting 

chimera (PROTAC) 
 

Yeong Uk Jeon, Jong Yeon Hwang1,*, PILHO KIM1, jae du ha2, Sung Yun Cho2 
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Recently, a new and powerful technology called “proteolysis targeting chimeras” (PROTACs) has been 

actively applied in the field of drug development. PROTAC strategy employs the protein degradation 

machinery of the cell ; the ubiquitin-proteasome pathway. Proteins removed via this pathway are targeted 

for degradation by the attachment of a polyubiquitin chain leading to their recognition and subsequent 

degradation by the 26S proteasome. The PROTAC molecule consist of a ligand, which binds an E3 

ubiquitin ligase, connected by a linker to another ligand that binds the target protein. The association 

between a protein and an E3 ligase, as induced by a PROTAC molecule, will lead to the transfer of ubiquitin 

and degradation of the targeted protein. As part of our efforts to develop novel PROTAC-based small 

molecule inhibitors, we were interested in CRBN as a targeted protein due to its distinct role in cells. Here 

we report the synthesis and activities of pomalidomide-based CRBN degraders. 
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Discovery of Highly Potent Inhibitors against Rhinovirus Replication 
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Human Rhinoviruses (hRVs) are major pathogens for both upper and lower respiratory tract. These 

infections are serious threat to patients with asthma, chronic obstructive pulmonary disorder (COPD), or 

cystic fibrosis in whom respiratory tract infections with RVs can lead to exacerbations.Phosphatidylinositol 

4-kinase IIIβ (PI4KB) is indispensable for the replication of various positive-sense single stranded RNA 

viruses, which hijack this cellular enzyme to remodel intracellular membranes (ER) of infected cells to set 

up the functional replication machinery. Therefore, the inhibition of this PI4K isoforms leads to the arrest 

of viral replication. Here in we report on the synthesis of PI4KIIIB inhibitors, through combination of high 

throughput screening (HTS) and known PI4K inhibitors. Synthesized compounds shows 2 digit nanomolar 

anti hRV activity with high selective indices. 
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Anti-adhesion barrier made of Pullulan, Carboxymethyl cellulose and 

Pluronic F127 for prevent postoperative adhesions 
 

jeongman An*, Juhyung Shin1, YuJin Hwang1, Yong-kyu Lee* 
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Pullulan has been widely investigated in the biomedical applications due to their diverse physiochemical 

properties, enhanced biocompatibility and biodegradability and minimized toxicology profiles. In this study, 

we made antiadhesive solution for postoperative tissue adhesion barrier with stickiness property of pullulan. 

And, we mixed the CMC to increase the viscosity and also to increase the time that the barrier stays on the 

wound site where adhesion will occur. Further, we blended Pullulan/CMC with Pluronic F127 (F127) in 

different ratios from solution to develop thermosensitive injectable hydrogels. Later, we studied the in vitro 

toxicology profiles of Pullulan/CMC barrier solution and Pullulan/CMC/F127 injectable hydrogels. Further, 

we studied in vivo therapeutic efficacy Pullulan/CMC barrier solution and Pullulan/CMC/F127 injectable 

hydrogels. In conclusion, we believe that our product.could prevent the postoperative tissue adhesions with 

enhanced stability and biocompatibility. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-647 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
ScFv-Ferritin as an Advanced Targeted Delivery Platform 
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Pharmacy, Sungkyunkwan University, Korea 

1Department of Chemistry, Dongguk University, Korea 
2Department of Chemistry, SungKyunKwan University, Korea 

  

Nanoparticles are increasingly used as labels for analytical purposes and therapy. In general, nanoparticles 

need to be functionalized with single chain variable fragment (scFv). Protein nanocage can self-assembled 

spherical structure. Small subunits make cluster and they can assembled and disassembled in unique 

environment. The particles are based on the globular protein shell of human ferritin light chain (HFL). HFL 

is a self assemble protein. HFL is composed of 24 subunits, which are self-assembled to form a cage-like 

nanostructure with external diameter of 8 nm. Single chain variable fragments (scFvs) have potential 

advantages over whole antibodies, scFvs are one-fifth the size of whole antibodies, they retain full antigen 

binding capacity. It is smaller than IgG but it can binding with antigen and easily make with E.coli system. 

In this study, we developed the therapeutic potential and safety profiles of high affinity protein nanocage 

(scFv-Ferritin) targeted HER2 antigen which are identified using a scFv variant of Trastuzumab and 

modified human ferritin light chain. We show that protein nanocage demonstrate high binding affinity and 

specificity to HER2 antigen. The fluorescence labeled protein nanocage successfully functioned in 

xenograft models of breast cancer (HER2-overexpressing breast cancer cells). In order to increase the 

toxicity of nanocage, it was conjugated by maleimide doxorubicin. Doxo conjugated nanocage’s toxicity is 

measured by MTT assay. It works better than just doxorubicin. Due to its molecular level engineering 

capability and increased binding avidity, ScFv-ferritin is expected to be a novel delivery platform for 

theragnosis. 
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Molecular Dynamics Simulation Study of SHIP2 
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1Korea Institute of Science and Technology, Korea 
2University of Science & Technology, Korea 

  

SH2-containing-inositol-5-phosphatases (SHIPs) dephosphorylate the 5-phosphate of phosphatidylinositol-

3,4,5-trisphosphate (PI(3,4,5)P3) and play an important role in regulating the PI3K/Akt pathway in 

physiology and diseases such as type 2 diabetes and obesity. Targeting SHIP2 also presents a helpful 

therapeutic approach in treating neurodegenerative disease and atherosclerosis. The SHIP Ptase domain  

belongs to a family of Mg2+-dependent inositol phosphatases with specificity for 5 P dephosphorylation of 

inositol rings. Recently, few X-ray structures reported with the small molecule allosteric inhibitors. 

However, information about catalytic binding site residues remains elusive. With the aim to unravel the 

molecular mechanism and crucial interaction between SHIP2 catalytic binding site and synthetic ligands, 

we performed docking and molecular dynamics (MD) simulation study. Known ligands selected for the 

experiment, Discovery Studio program used to dock the known ligands and Gromacs-5.0.6 package 

installed at KISTI supercomputer was used to perform MD simulation study. Docking guided MD 

simulation results revealed that during MD simulation new residues were incorporated surrounding ligands 

and stabilized through an extensive network of interactions. Crucial residues identified in the catalytic 

domain, and this information could be exploited in future to design novel and potent SHIP2 inhibitors which 

might help therapeutic benefits in neurodegenerative diseases. 
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Beta glucan-bile acid carrier mediated oral antigen delivery targeting 

M-cell receptors in human intestine triggers mucosal immunity 
 

Mohammad Nazmul Hasan, Yong-kyu Lee1,* 
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1Korea National University of Transportation, Korea 

  

Oral vaccines encounter multifarious barriers, including acidic and enzymatic degradation, poor uptake, 

preventing the immune system to react to inoffensive environmental antigens. We designed an oral antigen 

delivery system, β-glucan-TCA where β-glucan can encapsulate antigen due to its hollow and porous 

structure, target β-glucan receptors in M-cells in small intestine and induce mucosal immunity, and TCA 

(taurocholic acid) helps the oral absorption of the carrier thus accelerate the process. The resultant 

microparticles were analyzed for their antigen loading efficacy, pH stability, in vitro cytotoxicity and 

cellular uptake capacity in M-cell model. The findings demonstrate that there is an efficient encapsulation 

of ovalbumin as a key reference protein for vaccination experiments inside β-glucan-TCA core. The 

formulation is stable in various pH conditions and nontoxic for living cells. Further investigations of the 

oral formulation is necessary to confirm the capability of inducing immunity. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-650 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Click Reaction of Guggelsterone Derivatives and its kidney protective 

effect 
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Guggulsterone is known as anti-inflammatory activity by inhibiting activation of NF-kB signal. Therefore, 

it is assumed that it may have a protective activity toward kidney injury. Here, we synthesized six 

guggulsterone derivatives using [3+2] click reaction with aryl and alky acetylene with relatively high yields. 

These six guggulsterone derivatives were evaluated for kidney protection effects to cisplatin injury. Among 

the guggulsterone-triazole derivatives, compound 6g, which contains a hydroxyl methyl group, was the 

most active of all the derivatives. In an additional study, we determined that inhibition of the mitogen-

activated protein kinase/caspase-3 signaling cascade by 6g mediates its protective effects against 

cytotoxicity in cultured LLC-PK1 cells. 
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Direct Monitoring of the Small Molecule-Target Interactions in Cells 

by Translocation of PKCδ Fusion Proteins 
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Target ID by biochemical assay is cost effective and popular method, but it has high false-positive rate.To 

provide more accurate result, development of cell-based target identification methods is needed. Chemico-

CUPID (Cell-based Un-/identified Protein Interaction Discovery) is cell-based assay that use a bait (target) 

molecule fused to a protein that changes its localization within the cell following a stimulus. We identified  

the candidates as novel target of KIST4547, kinase C and D using chemico-CUPID, and we conducted 

experiments verifying kinase C is new target of KIST4547 in vitro. 
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Versatile bioconjugated affibody-glutathione transferase protein gate 

keeper for drug delivery nanoparticle 
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Among the drug delivery carriers, mesoporous silica nanoparticles (MSN) have received wide attention due 

to their tunable pore morphology, high specific surface area, easy surface modification/ bioconjugation for 

targeting and physiochemical stability. They can host the therapeutic compounds due their void cores, as 

extra reservoir for drug storage. Also gatekeeper system can maximize the characterization of MSN for 

being used drug delivery systems. Although there are many kinds of gatekeeper systems ,like polymer, 

peptide, metal nanoparticles, not much improve in protein gate keeper. Protein gate keeper could be one of 

the most powerful platform by using direct interaction between receptor protein and affibody. Drug can be 

loaded into the pores of the carrier at large quantity. Recently, non-covalent protein gatekeepers have 

received significant attention towards encapsulation stability. Hence, we installed a biocompetable protein 

gatekeepers on the surface of drug loaded carriers. The GST-affibody possess important role in undergoing 

degradation in low pH. Further, this affibody can be conjugated with different types of antibody to target 

specific cancer cells to achieve a stable and biocompatible carrier for biomedical applications. 
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Synthetic studies towards the development of fluorogenic probes for 

the detection of carbapenemase producing bacteria 
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Antibiotic resistance has become a major challenge to the public health worldwide. Carbapenems, such as 

imipenem, doripenem, and meropenem, are considered as the antibiotics of last option for the treatment of 

severe infections due to their broad spectrum of activity against both Gram positive and Gram-negative 

bacterial pathogens. However, carbapenem-resistant bacteria have become increasingly widespread 

throughout the world in the last years. The major mechanism of resistance to carbapenem among Gram-

negative bacteria is associated with the acquisition or expression of carbapenemases. Carbapenemases are 

a group of specific β-lactamases that have the ability to hydrolyze carbapenems, as well as nearly all other 

β-lactam antibiotics. To prevent the spread of carbapenem-resistant bacteria; early detection is highly 

needed. Carbapenemases have been classified into two major groups: (i) serine carbapenemases, which 

possess a serine residue active-site as a nucleophile to cleave the β-lactam ring; and (ii) metallo-β -

lactamases, which require a Zn2+–OH for nucleophilic attack on the β-lactam bond. In both cases, the 

carbapenemase mediated hydrolysis is a crucial mechanism of the carbapenem-resistance. Thus, substrate-

based chemical probes would be a rational approach to detect the carbapenemase producing organisms, 

which are resistant to the carbapenm class of antibiotics.Herein, we would like to highlight some synthetic 

studies aimed at the development of substrate-based fluorogenic probes for the detection of carbapenemase 

producing bacteria. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-654 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
The novel anthraquinone derivative inducing death of human cancer 

cells 
 

Hyun Kyung Choi*, Bui Thi Hong Nhung1 

 
Department of Medicinal Chemistry, Jungwon University, Korea 
1Department of Medicinal Chemistry, Jungwon University, Korea 

  

To identify novel small molecules that induce selective cancer cell death, we screened a chemical library  

containing 1040 compounds in HT29 colon cancer and CCD18-Co normal colon cells, using a phenotypic 

cell-based viability assay system with the Cell Counting Kit-8 (CCK-8). We discovered a novel 

anthraquinone derivative, N-(4-[{(9,10-dioxo-9,10-d ihydro-1-anthracenyl)sulfonyl}amino]pheny l)-

Nmethylacetamide, which was cytotoxic against the human colon cancer cells tested. The novel 

anthraquinone derivative is a potent, cancer cell-specific cytotoxic agent. Furthermore, This derivative 

induced cell death through cell cycle arrest at the S and G2/M phases, and enhanced either the chemo or 

radiosensitivity of cancer cells. 
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Design and synthesis of TPH1 inhibitors for the obesity 
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Department of Chemistry, Gwangju Institute of Science and Technology, Korea 

  

Obesity is a global public health problem. The obesity epidemic has been growing in developed nations, 

including the United States, for decades. Moreover, this epidemic has spread to developing nations. The 

negative consequences of obesity have been quantified as exceeding those of either alcohol abuse or 

smoking. Serotonin (5-hydroxytryptophan) is a hormone that regulates emotions in the central system. In 

the peripheral system, it is a hormone related to induction of obesity. TPH1 (tryptophan hydroxylase 1) is 

a protein that synthesizes serotonin, thus TPH1 inhibitor could be a promising target for the treatment of 

obesity. In this meeting, discovery of TPH1 inhibitors will be presented. 
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Identification of AhR antagonists in zebrafish model 
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Aryl hydrocarbon n receptor (AhR), the family of basic-helix/loop/helix per-Arnt-sim (bHLH/PAS), is 

transcription factor to be activated by ligands. AhR is known to bind with xenobiotics such as 2,3,7,8-

tetrachlorodibenzo-p-dioxin(TCDD) and benzo[a]pyrene. Due to AhR has a variety of target genes that the 

ligand can bind, it can be the target for treatment of various human diseases. Also, an AhR antagonist 

stimulated the expansion of human hematopoietic stem cells ex vivo. In this KCS meeting, identification  

of new AhR antagonists in zebrafish model will be presented. 
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extracts of Hemistepta lyrata Bunge (HLB) in lipopolysaccharide-
stimulated RAW 264.7 macrophage cells 

 

CHULHWAN KIM, Min-Jin Kim, Sangmi Yu, Sang Chul Jeong, Chang-Hee Kang* 
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Korea 

  

Hemistepta lyrata Bunge (HLB) has been used for reducing fever and detoxification, dispersing swelling, 

and eliminating stagnated blood as a folk medicine. However, Anti-inflammatory effect of HLB have not 

been reported yet. In this study, we identified anti-inflammatory activity of the aerial part of HLB. Inhibition 

activity of NO production was evaluated in LPS-stimulated RAW 264.7 cells. LPS stimulation significantly 

increased the NO production, however NO production of HLB extracts (HLBE) in LPS-stimulated RAW 

264.7 cell was decreased in a concentration dependent manner. We measured the amount of released PGE2  

and IL-6 in LPS-stimulated RAW 264.7 cells using ELISA assay. LPS stimulation significantly increased 

the amount of PGE2 and IL-6, however HLBE significantly decreased LPS-induced PGE2 and IL-6 

production. We found phosphorylation of JNK, ERK and P38 occurred in LPS stimulated RAW 264.7 cells. 

When HLBE was treated with LPS stimulated RAW 264.7 cells, phosphorylation of ERK and P38 was 

inhibited and JNK was not affected. Viability of RAW 264.7 cells treated with HLBE was determined using 

to MTT assay. We indicated viability of RAW 264.7 cells at concentration of HLBE in the absence or 

presence of LPS. The viability of RAW 264.7 cells was identified 90% or more HLBE did not affect growth 

of RAW 264.7 cell 
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Transglutaminase 2 Inhibitors towards The Treatment of Renal Cell 

Carcinoma (RCC) 
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Transglutaminase 2 (TGase 2, E.C. 2.1.2.13) is an enzyme that catalyzes an isopeptide bond between 

protein glutamine and lysine residues, resulting in a covalent crosslink. In renal cell carcinoma (RCC) cell 

lines, TGase 2 is highly overexpressed compared to normal cell lines and which deplete p53 into aggregates 

in autophagosome, leading to p53 depletion by the process of autophagy. This instability of p53 by TGase 

2 regulation can cause tumor cells to avoid cell death and consequently have tumor cells grow. As such, 

the development of a new inhibitor of TGase 2 could be an effective strategy to treat RCC. In order to 

develop TGase 2 inhibitors, we have designed new type of scaffold of small molecule inhibitors for RCC. 

Over 250 compounds were synthesized and their biological activity were tested by in vitro enzyme assay 

and cell-based assay. Series of compounds were selected for ADME/T test and xenograft experiments. 

Among the tested compounds, we have identified that a lead compound DN201782 showed promising  

inhibitory efficacy both in vitro and in vivo against TGase 2. Herein, experimental data and xenograft  

results are presented in detail. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-659 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Quasi-Stem Cells Derived from Human Somatic Cells by Chemically 

Modified Single-Walled Carbon Nanotubes 
 

Jae-Hyeok Lee 
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Surface modification of micro- and nanotopography was employed to alter the surface properties of 

scaffolds for controlling cell attachment, proliferation, and differentiation. This study reports a method for 

generating multinucleated colonies as evidenced by spherical colony formation through nanotopography-

induced expression of reprogramming factors in human dermal fibroblasts. Colony formation was achieved 

by subjecting the cells to specific environments such as culturing with single-walled carbon nanotubes and 

poly-L-lysine (PLL-SWCNTs). We obtained encouraging results showing that PLL-SWCNT treatment 

transformed fibroblast cells, and the transformed cells expressed the pluripotency-associated factors OCT4, 

NANOG, and SOX2 in addition to TRA-1-60 and SSEA-4, which are characteristic stem cell markers . 

Downregulation of lamin A/C, HDAC1, HDAC6, Bcl2, cytochrome c, p-FAK, p-ERK, and p-JNK and 

upregulation of H3K4me3 and p-p38 were confirmed in the generated colonies, indicating reprogramming  

of cells. This protocol increases the possibility of successfully reprogramming somatic cells into induced 

pluripotent stem cells (iPSCs), thereby overcoming the difficulties in iPSC generation such as genetic 

mutations, carcinogenesis, and undetermined risk factors. 
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Synthesis and evaluation of gadolinium complex of oxopurine 

analogues for tumor targeted MRI contrast agents 
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Lung cancer remains the leading cause of cancer-related mortality worldwide. Non-small cell lung cancer 

(NSCLC), which does not show symptoms until an advanced tumor stage is reached, is difficult to diagnose 

and conventional screening methods often need to be repeated several times to determine localization, stage 

and aggressiveness of the tumor. Molecular imaging strategies have already shown immense clinical utility  

for the diagnosis of lung cancer; however, there is still a need for marker-specific tracers in this disease. 

Microtubule targeting agents (MTAs) constitute a class of drugs for cancer treatment. Microtubule play an 

irreplaceable role in a variety of cellular functions, including the maintenance of cell shape, polarity, 

vesicles, and mitosis. Oxopurine analogues was an MTA with good effects against NSCLC. Thus, we 

decided to develop a lung cancer specific imaging agent. In this study, we designed oxopurine analogue 

and evaluated its potential as MRI contrast agent for imaging NSCLC. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-661 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Mini-Review of corrole potentials as biological effector molecules 

 

sungrae kim, Yonghwang Ha1,* 

 
Jungwon University, Korea 
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Recently corrole compounds, which have very similar core structure with porphyrin, have been attracted 

many interests with respect to synthetic strategies and biological applications. Although photophysical 

properties of corroles are similar porphyrin molecules, biological characteristics exhibit more improved  

applicability for molecular imaging, detection and degradation of tumors, G-quadraplex regulators, 

catalytic degradation of reactive oxygen/nitrogen species (ROS/RNS), anti-microorganism and generation 

of singlet oxygen as photosensitizers. Herein, we reviewed various free base- and metallo-corroles and their 

biological applications. 
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Synthesis and biological application of A2B corroles 

 

jihyun Baek, sungrae kim1, Ju Hwa Lee2, Yuyeong Jeon3, Yun ji Choi1, Yonghwang Ha* 

 
Department of Medical Bioscience, Jungwon University, Korea 

1Jungwon University, Korea 
2Medicinal Chemistry, Jungwon University, Korea 

3Department of Pharmaceutical Science, Jungwon University, Korea 

  

During the tumor progression, it is hard to remove individual tumor cells by surgical operations because 

they are too small to remove via naked eyes. Many researches are interested in developing tumor-specific  

destruction method. As an alternative therapeutic skill, photodynamic therapy (PDT) attracts great interest 

due to its high selectivity. PDT is based on the photosensitizers which can generate singlet oxygen by 

energy transfer from triplet excited state sensitizer to molecular oxygen in ground state. Herein, we designed 

various types of A2B corroles as photosensitizers, synthesized, and characterized the photophysical 

properties via measuring of UV-vis absorbance, and emission spectra, etc. For the next step, we are planning 

to synthesize various halogenated metallocorroles and investigating phosphorescence properties and 

application for tumor removal potential in cellular level. 
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Identification of HTR2 antagonists for metabolic disease 
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Department of Chemistry, Gwangju Institute of Science and Technology, Korea 

  

Obesity rate is rapidly increasing every year in highly populated countries. Currently, only five drugs are 

available for obesity, but they have low efficacy and safety issues. This represents high medical unmet 

needs for a new drug which has higher efficacy and lower adverse effect than prevailing drugs. HTR2a is 

significantly associated with obesity. Lipogenesis in mature adipocytes was regulated through HTR2. In 

this poster presentation, discovery and biological evaluation of HTR2 antagonist will be presented 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MEDI.P-664 

Area: Medicinal Chemistry 

Type: Poster Presentation, Time: THU 11:00~12:30 

 

 
Design and Synthesis of Novel Si-Rhodamine-Based NIR Fluorescent 

Probes for Development of Activity-Based Probe for in vivo Imaging of 
Hypoxia 
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Hypoxia is one of the major characteristic of metastatic and solid tumors caused by an imbalance between 

oxygen consumption and supply leading to lack of oxygen. Status of hypoxia in solid tumors markedly  

influences their therapeutic responses to conventional anticancer therapies such as radiotherapy and 

chemotherapy due to altered tumor metabolism and angiogenesis. Thus, in vivo imaging of hypoxia is 

emerging as an important step to improve efficiency of anticancer therapy during anticancer drug 

development. Bioimaging of hypoxic biomarkers such as HIF-1, VEGF, carbonic anhydrase IX (CA-IX), 

glucose transporter 1 (GLUT-1) and reductive enzymes (nitroreductase, azoreductase and DT-diaphrose) 

are widely used for imaging of hypoxia. Many fluorescent probes have been discovered as an activity-based 

fluorescent probe for hypoxia imaging based on the ‘switch on’ fluorescence caused by the reduction of 

nitro group by nitroreductase (NTR) highly expressed in hypoxic cells. Although many studies are 

performed for an effective fluorescent probe for in vitro detection of NTR but still there is lack of techniques 

for in vivo imaging of hypoxia by NTR sensing. Near infrared (NIR) fluorophores are very desirable for in 

vivo imaging due to its excellent photo stability, high tissue transparency and low autofluorescence. NIR 

dyes such as cyanine dyes, Si-rhodamines and phosphinate-based red dyes are previously reported as 

promising fluorophores for imaging purpose but no probe was reported based on an NIR fluorophore for in 

vivo imaging of hypoxia. In this study, we have designed and synthesized novel NIR fluorophore based on 

Si-Rhodamine. These novel Si-rhodamine fluorophores are further developed by attaching NTR sensing 

moiety for detection of NTR under hypoxic condition. 
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Proposition of Selective inhibitor for G1202R Mutant of Anaplastic 

Lymphoma Kinase(ALK) 
 

DONGKEUN HWANG 

 
Ku-KIST, Korea university, Korea 

  

Anaplastic lymphoma kinase (ALK) has been revolutionized by the treatment of crizotinib, a small-

molecule inhibitor of ALK. Despite development of crizotinib, resistance to crizotinib gradually evolves 

through a variety of mechanisms, leading to relapse in the central nervous system(CNS). This result has 

motivated the research and development of second generation ALK inhibitors, including alectinib and 

ceritinib, that get over several mutations leading to resistance.1 However, G1202R and 1151Tins, the 

common mutations in ALK, are not suppressed by the second generation ALK inhibitors. For this reason, 

we have recently spent a lot of efforts on the development of G1202R mutant inhibitor. 
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Fluorescein, Rhodol and Rhodamine for Imaging of Hypoxia 
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Hypoxia is a prominent feature of many solid tumors and is one of the major contributing factors to changes 

in cellular metabolism, low extracellular pH, glucose deficiency and increased extracellular lactate 

concentration. In addition, hypoxia has been reported to induce the resistance to chemotherapy and 

radiotherapy in various classes of cancer. Thus, imaging of hypoxia can be very critical for effective 

chemotherapy and radiotherapy. Hypoxic tumor is also recognized to induce a bioreductive stress by the 

overexpression of reductive enzymes such as nitroreductase, azoreductase and DT-diaphrose. 

Nitroreductase (NTR) catalyzes the reduction of nitro group to hydroxylamine which is additionally  

changed to an amine in the presence of NADPH as a cofactor. Xanthene fluorophores including fluorescein, 

rhodamine and their hybrid structure, rhodol, are the most commonly used fluorophores and their 

asymmetric derivatives have been used for the development of activity-based fluorescent probes in many 

areas including biology and medicines. Diverse classes of activity-based fluorescent probes based on 

fluorescein, rhodol and rhodamine have been developed to detect various phenonmena in live cells. Our 

group already reported a few NTR-responsive fluorescent probes based on fluorescein and rhodol 

fluorophore. In this study, we synthesized the NTR-responsive fluorescent probes based on the reduced 

fluorescein, rhodol and rhodamine scaffolds and evaluated their photochemical properties as activity-based 

fluorescent probes for detection of NTR which is a highly expressed in hypoxic cells. 
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HSP90 (Heat shock protein 90) is a molecular chaperone that assists other proteins, called client proteins, 

to fold properly, stabilizes proteins against heat stress, and aids in protein degradation. Various oncogenic 

proteins including HIF-1α, receptor kinases containing ErbB2, MEK 1/2, CDKs, Src, Akt and Raf-1have 

been reported to be the client proteins of HSP90. Early HSP90 inhibitors such as gelanamycin (GA), 17-

AAG and IPI-504 had been developed for the treatment of cancer in clinical trials, but failed to get in further 

development due to toxicity. Since the failure of early HSP90 inhibitors, diverse scaffolds of HSP90 

inhibitors such as ganetespib, PU-H71 and NVP-AUY922 have been developed to get in clinic. Ganetespib, 

which has been discovered by Synta Inc, shows lower toxicity than previous HSP90 inhibitors containing 

GA, 17-AAG and other HSP90 inhibitor, and is currently under the phase III clinical trial. Ganetespib has 

been reported to show a tumor uptake over 20 times higher than normal tissues in clinical trial, which 

suggests that ganetespib can be used as a ligand targeting HSP90 for imaging of cancer. In this work, we 

synthesized [18F]-ganetespib derivative (1) with a triazole-PEG linker which was labeled by click 

chemistry, and assessed the tumor-specific uptake of the probe 1 by biodistribution and PET imaging in 

triple negative breast cancer (TNBC) orthotopic xenograft model induced by MDA-MB-231 breast cancer 

cells. 
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Understanding the Roles of Reduced Graphene Oxide, RuO2, and 

MoS2 Nanosheets in Visible Light-Active Hybrid-type Photocatalysts 
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Ewha Womans University, Korea 

  

Highly anisotropic 2D nanosheets of inorganic solids attract a great deal of research activity because of 

their unique merits as useful precursors for exploring novel efficient photocatalysts with energy and 

environmental applicabilities. Several conductive 2D nanosheets like reduced graphene oxide (rGO), RuO2, 

and MoS2 can be used as efficient hybridization matrices to improve the photocatalytic activity of 

semiconductor nanocrystal. In the hybrid photocatalyst systems, these conductive nanosheets are known to 

act as cocatalysts, electron reservoirs, electron pathways, and photosensitizers. To understand the critical 

factors governing the roles of these nanosheets, we synthesized several nanohybrids of CdS nanoparticles 

with rGO, RuO2, and MoS2 nanosheets. According to systematic characterization for the obtained 

nanohybrids, we can evaluate the relative efficacy of these nanosheets for the role of cocatalyst, electron 

reservoir, electron pathway, and photosensitizer and also for the improvement of the photocatalytic activity 

of semiconductor. Based on these results, a purpose-oriented synthetic strategy using appropriate 

conductive nanosheet is proposed for high performance semiconductor photocatalysts. 
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An effective way to explore high performance electrode for supercapacitor is developed by employing  

exfoliated 2D layered MnO2 nanosheet as a hybridization matrix for Prussian blue (PB) material. The hybrid 

material of PB-layered MnO2 is synthesized by crystal growth of PB nanocrystal on the exfoliated MnO2 

nanosheet at room temperature. Electron microscopic and spectroscopic analyses clearly demonstrate the 

homogeneous hybridization between PB and MnO2 . The obtained PB-layered MnO2 nanohybrid shows 

expanded surface area than does the pristine PB material, reflecting the usefulness of hybridization with  

MnO2 nanosheet in increasing the porosity of PB material. Of prime importance is that the PB-MnO2  

nanohybrid exhibits larger capacitances with better cyclability than does the MnO2 free-PB material. The 

present study clearly demonstrates that the hybridization with exfoliated metal oxide nanosheet is quite 

effective in improving the electrode performance of PB materials. 
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Orbital ordering and thermoelectric properties in Cs2AgF4 ; Density 

functional approach 
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Although a number of theoretical studies on the magnetic properties of Cs2AgF4 have been carried out [1,2] 

to show that the orbital order takes place in each AgF4 layer such that the magnetic orbitals of adjacent 

Ag2+ ions become orthogonal to each other, thereby leading to no overlap between them and hence a 

ferromagnetic spin exchange between nearest-neighbor Ag2+ ions, the study of Cs2AgF4 in terms of 

thermoelectric has not been tried yet as we know. Cs2AgF4, synthesized in 1971 by Odenthal [3], is an 

isoelectronic and isostructural analogue of La2CuO4, namely, Cs2AgF4 crystalizes in K2NiF4-type 

(I4/mmm) structure as shown in the Fig. 1. But, this system at 400K undergoes structural transition from 

tetragonal (I4/mmm) to orthorhombic (Bbcm) structure by 1st and 2nd order JT effects which is similar to 

the structure of K2CuF4.[4] The main different between tetragonal and orthorhombic Cs2AgF4 is whether 

orbital ordering is allowed or not. Note that the orbital ordering would lead lowing electronic structure and 

then low dimensional electronic structure is responsible for the enhancement of Seebeck coefficients 

according to the Dresselhouse [5]. Thus, it is of interest and important to explore if the orbital ordering is 

closely connected with improving the thermoelectric properties. In this present work, we investigate 

relationship between orbital ordering and thermoelectric properties comparing electronic structure and 

thermal transport coefficients of orbital ordering allowed orthorhombic and orbital ordering not allowed  

tetragonal structure Cs2AgF4. Our result indicates that the Seebeck coefficients of orthorhombic Cs2AgF4 

is substantially increased due to the lowering electronic structure induced by orbital ordering. Therefore, 

one speculates that the orbital ordering should be considered as a new useful way for enhancing 

PF.References[1] (a). D. Dai, M.-H. Whangbo, J. Köhler, C. Hoch, A. Villesuzanne, Chem. Mater. 2006, 

18, 3281. (b). J. Tong, R. K. Kremer, J. Köhler, A. Simon, C. Lee, E. Kan, and M. –H. Whangbo, Z. 

Kristallogr. 2010, 225, 498–503[2] (a) D. Kasinathan, K. Koepernik, U. Nitzsche, H. Rosner, Phys. Rev. 

Lett. 2007, 99, 247210. (d) E.-J. Kan, L.-F. Yuan, J. Yang, J. G. Hou, Phys. Rev. B, 2007, 76, 024417.[ 3] 



R. –H. Von Odenthal, D. Paus, and R. Hoppe, Z. anorg. allg. Chem. 1974, 407, 144-150.[4] S. E. Mclain, 

M. R. Dolgos, D. A. Tennant, J. F. C. Turner, T. Barnes, T. Proffen, B. C. Sales, and R. I. Bewley, Nat. 

Mater. 2006, 5, 560.[5] L. D. Hicks, M. S. Dresselhaus, Phys. Rev. B 1993, 47, 16631-16634. 
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Nanowire by the Tuning of Chemical Bonding Nature 
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The efficient manganese oxide-based electrocatalysts for oxygen reduction reaction (ORR) are synthesized 

by a simple one-pot hydrothermal method with the anchoring of selenate anion (SeO₄2-). The anchoring 

of highly oxidized selenate clusters on the surface of α-MnO₂ nanowire is quite effective in weakening  

of (Mn-O) bond with the lowering of Mn oxidation state. Since the resulting elongation of (Mn-O) bond 

distance facilitates the binding of reactant oxygen species for α-MnO₂, the anchoring of selenate cluster 

is advantageous in improving the ORR electrocatalytic activity of α-MnO₂. The excellent ORR activity 

of selenate-anchored α-MnO₂ is attributable to the improvement of charge transfer kinetics and the slight 

expansion of surface area upon the immobilization of selenate cluster. The present study underscores that 

the anchoring of highly oxidized cluster anion can provide quite efficient way of improving the 

electrocatalyst performance of manganese oxide. 
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Electrochemical hydrogen storage performance of cobalt metal grafted 

mesoporous graphene 
 

Myeongdeok Seo, Aran Kim, Hyun Jung* 

 
Department of Chemistry, Dongguk University, Korea 

  

We successfully synthesize the cobalt metal grafted mesoporous graphene composites (Co-MGs) by simple 

deposition reaction of dicobalt octacarbonyl (DCO) on the pore of mesoporous graphene. The host materials 

MG was synthesized by soft-template method with graphite oxide and triblock copolymer (Pluronic P-123) 

and dispersed in toluene. For cobalt metal grafting, DCO powder was added to MG toluene suspension and 

refluxed at 110℃ under nitrogen atmosphere. To find the optimal conditions for the hydrogen storage 

behavior, we systematically synthesized various molar ratios of cobalt and carbon, and measured their 

hydrogen storage performance. The structural characteristics of the Co-MGs were measured by X-ray  

diffraction (XRD) measurement and morphology of the products examined by field emission scanning 

electron microscopy (FE-SEM) and high resolution transmission electron microscopy (HR-TEM). The 

specific surface area and pore size distribution of products were measured by N2 adsorption-desorption 

measurement. The amount of cobalt in Co-MGs was investigated by thermal gravimetric analysis (TGA) 

and energy dispersive spectrometry (EDS). Additionally, hydrogen storage performances of obtained 

samples were measured by cyclic voltammetry and galvanostatic charge-discharge tests in a three-electrode 

system with 6M KOH solution. 
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Synthesis and characterization of mesoporous graphene-Mn3O4 

nanocomposite for supercapacitor applications 
 

David Odhiambo Opar, Jihye Lee, Hyun Jung* 

 
Department of Chemistry, Dongguk University, Korea 

  

We successfully synthesized mesoporous graphene – manganese oxide (MG-Mn3O4) nanocomposites 

through self-assembly interaction process, at room temperature. Mesoporous graphene (MG) was prepared 

by hydrothermal treatment using graphene oxide (GO) and triblock copolymer (Pluronic, P123), followed  

by calcination. Manganese oxide (Mn3O4) nanoparticles were synthesized through thermal decomposition 

of manganese (II) acetate tetrahydrate in the presence of oleylamine and oleic acid. The obtained Mn3O4 

nanoparticles have uniform cubic shape and size (5.0 ± 1.4 nm). Then, MG-Mn3O4 nanocomposite was 

obtained by stirring a mixture of the as-prepared MG and Mn3O4 nanoparticles, while varying the 

concentration of Mn3O4 suspension and subsequently calcined. Morphological and microstructural studies 

were carried out on the as-synthesized nanocomposites by transmission electron microscopy (TEM), field  

emission scanning electron microscopy (FE-SEM) and powder X-ray diffraction (XRD). Nitrogen 

adsorption/desorption isotherms were used to investigate the specific surface area and pore size distribution 

of the nanocomposites. Thermal gravimetric analysis (TGA) measurements were carried to determine the 

mass percentage of MG and Mn3O4 in the nanocomposite. The electrochemical properties of the 

nanocomposite were investigated by cyclic voltammetry (CV) and galvanostatic charge – discharge 

measurements. To achieve efficient electrochemical performance, the ratio of MG to initial concentration 

of Mn3O4 suspension in the nanocomposite was systematically varied to find the optimal condition for 

effective application as electrode material for supercapacitors. 
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Fabrication of Transparent Polymer/Eu(Phen)2-Laponite 

Nanocomposite Film with Photoluminescent Property 
 

Aran Kim, Seung-Jin Ryu1, Hyun Jung* 
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The fluorescent and transparent multifunctional film was fabricated from photoluminescent Eu(Phen)2-

laponite (Phen; 1,10-phenanthroline) and transparent poly(methyl methacrylate) (PMMA). 

Photoluminescent europium(III) complex ([EuCl2(Phen)2(H2O)2]Cl·H2O) intercalated hectorite clay 

(laponite XLG) nanohybrids were obtained through the ion exchange reaction of interlayer sodium cation 

with europium complex ion. Subsequently, Eu(Phen)2-laponite was suspended in tetrahydrofuran solution 

with dissolved PMMA by ultrasonic treatment, and then we obtained the multifunctional 

PMMA/Eu(Phen)2-laponite nanocomposite by drop-coating on glass. Structural and morphological 

characterizations were done using powder X-ray diffraction (XRD) and field emission scanning electron 

microscopy (FE-SEM). The component and thermal stability of the product were measured by Fourier 

transform infrared (FT-IR) spectroscopy and thermal analysis (TG-DTA). Transmittance and optical 

properties of the obtained nanocomposite were studied with UV-vis and fluorescence (PL) spectroscopies. 
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Synthesis and Characterization of Blue-emitting Gel by Triplet-triplet 

Annihilation-based Upconversion 
 

YEIN KANG, Aran Kim, Hyun Jung* 
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Blue-emitting gel via triplet-triplet annihilation-based upconversion (TTA-UC) was prepared by 

incorporating a bimolecular system consisting of platinum octaethylporphyrin (PtOEP, sensitizer) and 9,10-

diphenylanthracene (DPA, emitter) in a self-assembled amphiphilic tri-block copolymer (poly(ethylene 

glycol)-block-poly(propylene glycol)-block-poly(ethylene glycol), Pluronic P123). The incorporated 

PtOEP and DPA molecules were successfully achieved by triplet-triplet energy transfer within the self-

assembled P123, leading to the upconverted blue emission from DPA caused by TTA. The structure and 

morphology of the obtained blue-emitting gel were characterized by X-ray diffraction pattern (XRD) and 

transmission electron microscopy (TEM) image. Optical properties were measured by fluorometer and UV-

vis spectrophotometer. 
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Fabrication of boron doped mesoporous graphene with controlled 

boron configuration 
 

Rosalynn Nankya, Jihye Lee, Hyun Jung* 
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Boron doped mesoporous graphene (BMG) was synthesized via hydrothermal process (BMG-h) and 

followed by heat treatment to one of the samples (BMG-c) in order to control the porous structure and the 

boron configurations (BCO2 and BC2O) in mesoporous graphene (MG). The structural and composition 

were investigated by XRD, Raman and XPS and porosity analysis was done by nitrogen sorption analysis. 

The amount of incorporated boron was 11.51 wt% and 12.93 wt% for BMG-c and BMG-h respectively. 

With heat treatment, there was increase in specific surface area and decrease in oxygen functional groups. 

The materials obtained have a high surface area of up to 1284 m2g-1 for BMG-c and 997 m2g-1 for BMG-h . 

The suitable arrangement of boron atoms in MG greatly influences the electrical properties of BMG. Herein, 

sintering was introduced to one of the samples leading to specific controlled boron configurations. The 

BC2O increased with sintering while BCO2 decreased due to removal of oxygen functional groups near the 

boron atoms and substitution incorporation of boron in MG is enhanced at high temperature. Therefore, 

BC2O was more dominant in BMG-c while BCO2 in BMG-h. We successfully controlled specific surface 

area and configuration of boron in BMG. It is worth noting that specific capacitance is mainly affected by 

electrical conductivity and specific surface area of the electrode. Based on these results, we utilized the 

condition of boron doping in various application such as lithium batteries supercapacitor electrodes. 
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Nitrogen-doped mesoporous graphene with a few nanometer-level 

controlled pore size 
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We successfully synthesized nitrogen-doped mesoporous graphene (NMG) with high surface area, three 

dimensional porous network and controlled pore size in a few nanometer. As-prepared NMG was obtained 

by hydrothermal process of graphite oxide (GO) and self-assembled triblock copolymer template (Pluronic 

P123) in the presence of ammonium hydroxide as a nitrogen source. Then, as-prepared NMG was washed 

with using various volume ratio of water/ethanol to regulate pore size. Finally, the NMGs were prepared 

by calcination of the obtained products at 700 oC for 3 h under Ar atmosphere. The fabricated NMGs have 

not only high specific surface area (941 ~ 1198 m2/g) and narrow pore size distribution but also average 

mesopore size of NMG can be rationally tuned in a few nanometer-level (4.4 ~ 11.2 nm) through controlling 

the degree of dissolving P123 micelles depend on the polarity of washing solvent. To preliminary test the 

performance as a supercapacitor, cyclic voltammetry (CV), galvanostatic charge-discharge (CD) and 

electrochemical impedance spectroscopy (EIS) of the obtained NMGs were evaluated in three-electrode 

system with 6.0 M KOH aqueous solution. 
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Preparation of the carbamoyl phosphine oxide moiety functionalized 

nitrogen doped mesoporous graphene for removal of rare earth 
elements 

 

Hyunju Kim, Jihye Lee, Hyun Jung* 
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We successfully synthesized the the carbamoyl phosphine oxide moeity functionalized mesoporous 

grpahene (CMPO-NMG) with high surface area for selective removal of rare earth elements (REEs). Firstly, 

N-doped mesoporous graphene (NMG) was fabricated by hydrothermal reaction of graphene oxide (GO) 

combining with ammonium hydroxide and triblock copolymer (Pluronic P123). Then, the CMPO-NMG 

was obtained by amide coupling between the prepared NMG and triethylphonoaceatate. The obtained 

products were fully characterized with respect to their structural and morphological properties by powder 

X-ray diffraction (XRD), field emission scanning electron microscopy (FE-SEM). The Fourier transform 

infrared spectroscopy (FT-IR) measurements were used to prove the existence of amide bond in CMPO-

NMG. Furthermore, we measured X-ray photoelectron spectroscopy (XPS) to analyse the elemental 

composition and the change of nitrogen configuration after functionalization of NMG. By measuring the 

N2 adsorption-desorption isotherm, we confirmed that the CMPO-NMG has mesoporous structure and high 

specific surface area. In order to evaluate the adsorption performance for REEs, the time-dependant 

adsorption capacity of the CMPO-NMG was investigated by using inductively coupled plasma mass 

spectrometry (ICP-MS). 
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Facile Synthesis of Ordered Microporous Carbons Using Zeolite 

Template 
 

Hongjun Park, Seung Won Han, Kyoungsoo Kim, Ryong Ryoo* 
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Synthesis of ordered microporous carbon of various structures employs zeolite-templating methods. In 

order to liberate carbon from zeolite/carbon composite, the zeolite template is removed using HF in most 

cases. In the present work, concerning severe toxicity of HF, we report that beta and X zeolite templates 

can readily be removed using NaOH and HCl instead of HF. The resultant carbons have high argon 

adsorption capacity, thermal stability, and electrical conductivity comparable to those of conventional HF-

treated carbons. The NaOH-treated carbons have increased oxygen content, and the oxygen-containing 

functional groups may be useful for further research on organic functionalization. On the other hand, the 

oxygen groups can be reduced by hydrogen to increase the conductivity, similar to the case of reduction of 

graphene oxide to reduced graphene oxide. The subsequently reduced carbon exhibits a notably improved  

performance as a nonaqueous electrical double-layer capacitor. By introducing the HF-free removal of 

zeolite template, large-scale synthesis of ordered microporous carbon is possible with safety toward 

practical applications. 
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Tuning of the Photoluminescence Wavelengths of Eu2+-activated 

Thiogallate Phosphors 
 

Hye Jin Park, Young-Sik Cho1, min kyeong Jang, Young-Duk Huh1,* 

 
Chemistry, Dankook University, Korea 
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Eu2+-activated MGa2S4 (M = Ca, Sr, Eu) phosphors were synthesized from MS, EuS, and Ga2S3 by 

carrying out solid-state reactions. The photoluminescence (PL) spectra of these phosphors under excitation 

at 465 nm, which was the emission wavelength of the commercial blue light emitting diode (blue LED), 

were examined to assess their applicability in phosphor converted light emitting diodes (pc-LEDs). The 

wavelength at maximum intensity of the PL spectra of the phosphors changed gradually from 559 to 545 

nm, as europium ion mole fraction (x) was increased in (Ca1-xEux)Ga2S4 phosphors. For (Sr1-

xEux)Ga2S4 phosphors, the wavelength at maximum intensity changed gradually from 534 to 545 nm with  

the europium ion mole fraction (x) in (Sr1-xEux)Ga2S4 phosphors. This wavelength changes with the value 

of europium ion mole fraction (x) in Eu2+-activated thiogallate phosphors was interpreted from crystal 

structures of these phosphors. 
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High Photocatalytic Activity of ZnO nanorod and Fe3O4 Nanoparticles 

 

Sang-Yoon Lee, Jin-Seung Jung* 
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Recently, with growing demand for clean and comfortable environment, purification technologies with high 

efficiency and low cost to reduce the pollutant of wastewater are urgently needed. Although TiO2 is largely 

studied as photocatalyst, there are reports that ZnO is a better photocatalyst than TiO2. Thus for the 

remediation of hazardous wastes under stimulated light condition, many efforts have been taken recently 

using ZnO catalyst for the photodegradation of toxic dye pollutants. In this study, a facile and efficient  

approach for the fabrication of Fe3O4@ZnO nanoparticles with a good core–shell structure has been 

successfully synthesized by multistep chemical methods with heated in microwave oven. The magnetic 

cores of Fe3O4 act as the center for the growth of ZnO nanorods. As a result, the zinc oxide nanorods grown 

around Fe3O4 magnetic cores form a rod-like hybrid structure. The photodynamic process of ZnO rapidly  

generates reactive oxygen species (ROS) as for instance superoxide anion radical (•O2−), hydrogen 

peroxide (H2O2), singlet oxygen (1O2), and hydroxyl radical (•OH). Thus, detection methods and 

generation mechanisms of the intrinsic reactive oxygen species (ROS), in photocatalysis, were surveyed 

comprehensively. As characterized by FE-SEM, TEM, XRD, EDS FT-IR the as-synthesized Fe3O4@ZnO 

nanoparticles exhibit a narrow size distribution. The Fe3O4@ZnO photocatalyst exhibited high 

photocatalytic activity in the degradation of Rhodamine B (Rh.B) and methylene blue (MB) under Solar 

light. 
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Microwave Absorption Properties of BaFe12O19@PANI and 

Fe3O4@PANI 
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The increased development and use of electronic devices have led to a new kind of pollution known as 

electromagnetic interference(EMI). Many researchers have investigated the efficient shielding methods to 

reduce EMI. Based on the magnetic or dielectric loss, a variety of EM wave absorbing materials have been 

designed and developed such as ferrites, conducting polymers and so on. The aim of this work is to find 

out the effect of magnetic nanoparticles of different shapes on the microwave absorption properties and 

EMI shielding effectiveness of the nanocomposite with magnetic nanoparticles and polyaniline(PANI). In 

this work, spherical Fe3O4 nanoparticles and hexagonal plate BaFe12O19 nanoparticles are synthesized by 

hydrothermal reaction. The X-ray diffraction patterns, scanning electron microscopy images and infrared  

spectroscopy confirmed the formation of polyaniline coating and core magnetic nanoparticles. We have 

studied the EMI shielding effect and EMI shielding mechanism of magnetic nanoparticles of different  

shapes in the range of 1-18 GHz. 
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One Step and Facile Approach to Superhydrophobic Sponge for 

Oil/Water Separation 
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Oil polliution caused by industrial wastewater and oil spill accidents has been a worldwide problem. Thus, 

Oil/water separation has been of great interest in recent years. Many efforts have been focused on the 

development of advanced techniques and materials for effective oil/water separation. However, most such 

techniques and materials are able to separate oil or water layer only. They also suffer from the limitation of 

high fabrication cost due to multisteps and complex process. Thus, a simple process technique to solve or 

address abovementioned issues is urgently required for simultaneous separation of oil as well as water 

layers. We report novel one step technique to fabricate superhydrophobic sponge capable of separating oil 

as well as water.References[1] N. R. Han, Y. T. Lim, W. R. Jang, H. Y. Koo, W. S. Choi Polydopamine-

mediated all-in-one device with superhydrophilicity and superhydrophobicity for one-step oil/water 

separation and pollutant purification. Polymer 107, 2016, 1-11.[2] Y. T. Lim, N. R. Han, W. R. Jang, W. 

Y. Jung, S. W. Han, H. Y. Koo, W. S. Choi Surface Design of Separators for Oil/Water Separation with  

High Separation Capacity and Mechanical Stability. Langmuir 33, 2017, 8012-8022. 
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Multilayered Membrane Composites with Superhydrophilic 

Characteristics for Environmental Remediation 
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Global water resources have been continuously polluted due to industrial progress. Increasingly frequent 

oil spill accidents as well as oily industrial wastewater discharges have further led to the severe pollution 

of various water resources. Therefore, oil/water separation has recently become an important issue in 

scientific research and practical applications. To address abovementioned issues, various types of 

superhydrophobic/superoleophilic materials, such as metal meshes, sponges, and polymer, have been 

reported for oil/water separation. Various hierarchical structures with large water contact angles have been 

proposed for enhancing the separation efficiency or the flux capacity of various oils. However, most efforts 

have reported methods that focus on the separation itself of oils from oil/water mixtures rather than on the 

purification of pollutants that remain in the water after the oil/water separation. This situation led us to 

develop a smart composite membrane for simultaneous oil/water separation and pollutant purification. 
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Environmental remediation 
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Water pollution by heavy metals, organic dyes, and oily wastewaters has become a serious environment 

issue. Diverse technologies have been reported to eliminate these pollutants. Among these methods, 

nanoadsorbents are of particular interest in wastewater treatment because of their high surface-to-volume 

ratio, which leads to a higher uptake capacity. However, most of the reported nanoadsorbents are flow type, 

which are very vulnerable to leakage in the process of separation because they are dispersed or precipitated. 

It has been recently reported that the unintended leakage of nanomaterials into the environment can cause 

a significant threat to the environment and public health. These issues and challenging task led us to develop 

the sponge composites that can perform removal of pollutants without leakage of adsorbents and oil/water 

separation. 
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Improvement of Li-ion Electrode Performance of LiFePO4 via In-situ 

Formation of Conductive Domain 
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An effective way to improve the cathode performance of LiFePO4 for Li-ion batteries (LIBs) is developed 

by In-situ formation of conductive metal sulfide domain. The LiFePO4-metal sulfide nanohybrids are 

synthesized by the heat-treatment of LiFePO4 material under CS2 flow at elevated temperature. Systematic 

microscopic and spectroscopic analyses clearly demonstrate that metal sulfide domain is formed  

homogeneously in the matrix of LiFePO4. Of prime importance is that the hybrid material of LiFePO4 -

metal sulfide shows better LIB cathode performance than does the pure LiFePO4. The improved  

performance upon the composite formation is attributable to the enhancement of electrical conductivity of 

electrode material and improvement of charge transfer behavior via the incorporation of conductive metal 

sulfide domain. The present study underscores that the In-situ formation of conductive metal sulfide domain  

can provide an efficient way to optimize the LIB electrode performance of metal oxosalt cathode material. 
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Detectivity Photodetector 
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In this work, we utilized reduced-dimensionality (Quasi-2D) perovskite films to photoconductive 

photodetectors by manipulating conventional three-dimensional perovskite materials for the first time. 

Quasi-2D perovskite films were systematically developed to obtain lessen dark current leakage and 

improved stability while retaining the comparable electrical performance of conventional three-

dimensional perovskites. The quasi-2D perovskite photodetector exhibited a dark current of 1.76 x 10-7 

A/cm2, resulting in the improved detectivity of 2.20 x 1012 J at the voltage of 0 V compared to conventional 

perovskite. More notably, quasi-2D perovskite not only showed excellent performance but also had 

remarkable stability. The current density of quasi-2D perovskite photodetector maintained 76 % while 

three-dimensional perovskite photodetector remained only 15 % of initial level after 2000 hours. To 

confirm the improved stability of quasi-2D perovskite, X-ray diffraction (XRD) and atomic force 

microscope (AFM) measurement were also carried out. After 2000 hours, only a few pinholes were 

observed in quasi-2D perovskite films while considerable serious deformations were found in three-

dimensional perovskite. Our study suggests solving the poor stability of the three-dimensional perovskite, 

with a potential for the developing highly-stable perovskite optoelectronics. 
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Fabrication of core/yolk-shell type iron-based pigments by mild basic 

solution 
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In this study, we fabricated the core/yolk-shell structure of iron-based pigments via facile etching treatment 

with mild basic solution. Iron based pigment can be controlled the coloration through the oxidation or cation 

exchange scuh as red, yellow, black. Red color hematite (α-Fe2O3) and red-yellow color akagneite (β-

FeOOH) have attracted much interest owing to eco-friendly pigments. We studied the relation of shell 

structure and coloration of various iron-based pigments. Coating system is possible to protect the coloration 

of pigments and enhance their properties such as heat stability. We selected the silica (SiO2) as shell 

materials due to their prevent oxidation and aggregation. Silica-coated pigments were prepared via sol-gel 

method. And, the yolk-shell structure pigments were produced by dissolution of SiO2 shell with NH4OH 

solution. In particular, the density of the coating shell is important because it is associated with chromaticity. 

We confirmed that yolk-shell structure of iron-based pigments had a median chromaticity value. The 

morphology and coloration of each samples were investigated in detail by transmission electron 

microspocy(TEM), and CIE Lab color parameter measuremets. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-339 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Ortho-Caborane based hole transporting material for perovskite solar 

cell 
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Icosahedral carborane (C2B10H12) are interesting compounds which have been investigated for decades due 

to their unique attributes such as thermal- and chemical stabilities with unusual geometry. Among the three 

isomers, it was reported that the ortho-carborane(o-Cb) can act as an electron acceptor when two aryl groups 

attached in perpendicular fashion onto carbon atoms in carborane cage. This unique property of o-Cb make 

them a class of electronically useful compound and leads them to practical applications, such as electronic 

materials. In this regard, we prepared o-Cb based hole transporting material (HTM), Cb-OMe, and its 

energy gap is appropriate to be utilized in peroskite solar cell. Detailed photophysical- and electrochemical 

properties of Cb-OMe were systematically investigated and its application in perovskite solar cell as a HTM 

was examined. 
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Tuning Energy Levels of TAPC Derivatives and its Application to 

Perovskite Solar Cells as Hole Transporting Material 
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One of the most commonly used hole-transporting materials (HTMs) in organic light-emitting diodes 

(OLEDs) is 4,4′-Cyclohexylidenebis[N,N-bis(4-methylphenyl)benzenamine] (TAPC). Interestingly, 

however, there is few report about its application to solar cell devices which might be due to the unsuitable 

energy levels when it utilized in perovskite solar cells (PSCs). In this respect, we expect that their HOMO 

and LUMO levels would be tuned by replacing methyl groups of TAPC with electron-withdrawing or 

electron-donating groups and they can be used as HTM materials in PSCs. In this regard, a series of TAPC 

moieties was synthesized with various electron donating and electron withdrawing groups and their 

photophysical- and electrochemical properties were systematically investigated. Among the series 

compounds, the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital 

(LUMO) energy levels of the methoxy substituted compound were −5.37 and −2.16 eV, respectively, which 

are sufficiently matched with the valance band level of CH3NH3PbI3 perovskite. Finally, they were used as 

HTM material in perovskite solar cell and their device performances were compared with its reference 

material, TAPC. 
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Atomic layer deposition of copper oxide (Cu2O) thin films by 

Cu(DMAMB)2 precursor and H2O 
 

SEUNGMIN YEO, Chang-Gyoun Kim, Bo Keun Park, TAEK-MO CHUNG* 

 
Center for Thin Film Materials, Korea Research Institute of Chemical Technology, Korea 

  

Copper oxide (Cu2O) thin films have been deposited by atomic layer deposition (ALD) using bis(1-

dimethylamino-2-methyl-2-butoxy)copper (C14H32N2O2Cu) and water vapor (H2O) as precursor and 

reactant, respectively. Several ex-situ characterizations like X-ray diffractometry (XRD), X-ray  

photoelectron spectroscopy (XPS), and X-ray fluorescence (XRF) were performed in details to study the 

as-grown Cu2O film on SiO2/Si substrate. All the analysis results clearly showed that polycrystalline with  

cubic structure and pure with negligible C impurity, and stoichiometric Cu2O thin films were successfully. 

It was also observed that self-limiting film growth with the growth rate of 0.04 nm/cycle, which was the 

characteristic of ideal ALD, was observed with both the precursor and reactant pulsing time. The XRD 

results of the Cu2O film showed specific six peaks corresponding to the cubic Cu2O. The XPS analysis 

strongly supported that the films deposited with the optimal conditions in thin study mostly consisted of 

the Cu2O phase, as corresponding to the XRD results. From the Tauc plot, band gap of ALD-Cu2O film 

was estimated to be ~ 2.3 eV. We believe that this work will apply for the various applications such as 

TFTs, catalyst, anode material in batteries, etc. 
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High-Density Crystalline/Amorphous Phase Boundaries in 

Electrochemically Activated Nickel-Doped Cobalt Sulfide for Efficient 
Oxygen Evolution Reaction 

 

Yu-Rim Hong, Won-Sik Han1,* 

 
Korea Institute of Industrial Technology, Korea 

1Department of Chemistry, Seoul Women's University, Korea 

  

Developing effective and earth-abundant electrocatalysts for the oxygen evolution reaction (OER) is critical 

for the practical realization of a water-splitting system. It has recently been proposed that the OER activity 

of transition metal sulfides (TMSs) can be enhanced by forming a thin amorphous layer on a pristine surface. 

We report here a novel strategy for enhancing OER by developing a nickel-doped cobalt sulfide (CNS) 

with a high density of crystalline and amorphous phase boundaries. Electrochemical activation (ECA) can 

partially amorphize hollow CNS nanoparticles derived from surface-selective sulfidation. ECA-treated  

CNS (ECA-CNS) electrocatalysts, which are comprised of CNS nanodots separated by thin amorphous 

layers, show high densities of crystalline and amorphous phase boundaries. This catalyst shows superior 

OER catalytic performance with a current density of 10 mA cm-2 at a small overpotential of 290 mV, a low 

Tafel slope of 46 mV dec-1, a high mass activity of 217 A g-1, a high turnover frequency of 0.21 s-1 at an 

overpotential of 340 mV, and excellent stability in alkaline media. 
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Magnetic metal oxide nanosheets: preparation and application in oil-

water separation 
 

Mahfuza Mubarak, Ha-Jin Lee1,* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

1Western Seoul Center, Korea Basic Science Institute, Korea 

  

Discharge of various types of chemicals and oily wastewater from different types of industries has become 

a serious global health concern nowadays. Additionally, the frequent oil-leakages/spillages during marine 

transportation or oil production are also a great waste of valuable natural resources. To address these issues, 

a variety of oil/water separation methods and novel materials have been reported so far. Most of these 

synthesized materials suffer from low capacities, that resulting in poor separation selectivity and efficiency. 

Herein, magnetic metal oxide nano sheets (MNS) were synthesized by a simple molten salt method and 

used them for the selective oil separation from the oil/water mixture. MNS were coated in sponge or Cu-

mesh, and applied for the separation of various oils with different viscosity. The MNS-coated sponge 

showed excellent separation efficiencies (>99%) for the oil products. The calculated fluxes of the oils and 

chemicals also exhibited higher with respect to other materials proposed for oil separation. This study will 

open a new avenue for the design and preparation of innovative material for water purification. Keywords: 

Nano sheets, metal oxide. 
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Photodonors of Neurochemicals 

 

SEUNGYEON YI, Youngmin You1,* 

 
Ewha Womans University, Korea 

1Division of Chemical Engineering and Materials Science, Ewha Womans University, Korea 

  

Delivering neurochemicals serves as an important technique in the study of neurobiology and clinical 

applications. Among various delivery techniques, molecules capable of releasing neurochemicals upon 

photoirradiation is beneficial with respect to selectivity and spatiotemporal resolution. Several photodonors 

have been devised so far, but most of them were based on coordination compounds of transition metals. 

We designed and synthesized a series of photoinduced, singlet oxygen-mediated donors of neurochemicals. 

Molecular constructs of the donors were based on 1,3-diphenylisoindole, in which neurochemicals were 

caged as parts of the isoindole units. The donors released biologically important neurochemicals, including 

phenethylamine (DPSY1), 4-aminopyridine (DPSY2), phenylethanolamine (DPSY3), and tyramine 

(DPSY4), upon visible light photoirradiation of a singlet oxygen sensitizer. The light-induced photolysis 

was monitored by employing 1H NMR and UV-vis absorption spectroscopic techniques. The combined 

spectroscopic investigations revealed that the photorelease involved the fast formation of an endoperoxide 

of the donor, followed by dissociation into 2-benzoylbenzophenone and neurochemicals. We envision that 

these photodonors will be useful in a variety of biological studies. 
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Dual-Emissive Molecular Dyads Consisting of Donor and Acceptor of 

Orthogonal Disposition 
 

Sinheui Kim, Youngmin You* 

 
Division of Chemical Engineering and Materials Science, Ewha Womans University, Korea 

  

Dual emission from a single molecule is against the Kasha’s rule. Reports on dual emission behaviors 

remain sparse in the literature, particularly for low-symmetric organic molecules. We designed a series of 

fluorescent molecular dyads consisting of a donor (D) and an acceptor (A). The DA dyads involved 

anthracene (An) or biphenylene (BP) as non-amino donors, and pyrazinoquinoxaline (PQ) or 

benzoquinoxaline (BQ) as acceptors (AnPQ, BPPQ, AnBP, and BPBQ). The sigma bond bridge between 

the bulky D and A units conferred a large conformational stain, suppressing rotational motion. Among the 

orthogonally disposed DA dyads, AnPQ and BPPQ displayed dual emission in organic solutions, with no 

delayed fluorescence observed. The absence of dual emission in solid states indicated twisted 

intramolecular charge-transfer (TICT) being responsible for the dual emission. Quantum chemical 

calculations based on time-dependent density functional theory suggested a pivotal role of the exchange 

energy gap ( EST) between the singlet TICT state and triplet states, including the triplet local excited state 

in A and the triplet TICT state. We envisioned that our dual-emissive dyads will be useful in bioimaging 

applications. 
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Enhanced-catalytic activity and stability of Pt nanoparticles supported 
on triazine-functionalized graphene nanoplatelets in oxygen and iodine 

reduction reactions 
 

In-Yup Jeon 

 
School of Energy and Chemical Engineering, Wonkwang University, Korea 

  

Platinum (Pt)-supported triazine-functionalized graphene nanoplatelets (Pt/TfGnP) is prepared simply from 

carboxylic acid-functionalized graphene nanoplatelets (CGnP) made by the mechano-chemical reaction 

technique. The resultant Pt/TfGnP exhibits outstanding catalytic activities with much better electrochemical 

stability compared with the commercial Pt/C catalysts in oxygen reduction reaction (ORR) for fuel cells 

(FCs) and Pt nanoparticle film in iodine reduction reaction (IRR) for dye-sensitized solar cells (DSSCs ). 

For ORR, onset and half-wave potentials of Pt/TfGnP exhibit more positive values at 0.58 and 0.53 V than 

those of the commercial Pt/C catalysts (0.57 and 0.52 V) under acidic condition, respectively. In addition, 

for IRR, the charge transfer resistance (Rct) at the CE/electrolyte interface is reduced to 0.13 Ω cm2, much 

lower than that of Pt nanoparticles (0.52 Ω cm2). More importantly, Pt/TfGnP shows profound 

improvements in the electrochemical stability for both ORR and IRR compared to the commercial Pt/C 

catalysts and Pt nanoparticle film. Such extraordinary high ORR and IRR activities and electrochemical 

stability of Pt/TfGnP are attributed to the triazine structure in TfGnP and high surface area of TfGnP (963.0 

m2 g 1). A number of advantages of Pt/TfGnP like as the outstanding electrocatalytic activity, an unusual 

electrochemical stability, simply making process and low Pt content, demonstrate that this is a promising 

alternative to Pt catalysts or electrodes for FCs and DSSCs. 
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Characterization of Hexagonal Tungsten Bronze CsxWO3 

Nanoparticles and Their Thin Films Prepared by Chemical 
Coprecipitation and Wet-Coating Methods 

 

Yeong Il Kim*, Yong-Cheol Kang 

 
Department of Chemistry, Pukyong National University, Korea 

  

The hexagonal tungsten bronze CsxWO3 nanoparticle was synthesized by a chemical coprecipitation 

method of ammonium tungstate and CsCO3 in acidic condition. This synthetic method for cesium tungsten 

bronze is reported for the first time as far as we know. The synthesized CsxWO3 as precipitated showed a 

weak crystallinity of hexagonal unit cell with a crystalline size of about 4 nm without annealing. When the 

synthesized CsxWO3 was annealed in N2 atmosphere, the crystallinity and crystalline size systematically 

increased maintaining the typical hexagonal tungsten bronze structure as the annealing temperature 

increased. The analyzed Ce content in the bronze was about 0.3 vs W, which is very close to the theoretical 

maximum value, 1/3 in cesium tungsten bronze. According to XPS analysis, the reduced tungsten ions as 

both the forms of W5+ and W4+ existed and the contents systematically increased as the annealing 

temperature increased up to 800 oC. The CsxWO3 thin films on PET substrate were also prepared by a 

wet-coating method using the ball-milled solution of the annealed CsxWO3 nanoparticles at various 

temperatures. The near-infrared shielding property of these thin films increased systematically as the 

annealing temperature increased up to 800 oC as expected with increasing contents of reduced tungsten 

ions. 
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High-Performance Electrothermal and Anticorrosive Transparent 

Heater 
 

Kangmin Lee, JEONGHWAN PARK, Hyungwoo Kim, KWANYONG SEO* 

 
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology, Korea 

  

We report a new strategy to fabricate a highly stable transparent heater using a Ni/Ag hybrid microgrid  

electrode. The microgrid-based transparent heater has a uniform heat distribution due to its electrical 

uniformity on an entire surface. The proposed Ni/Ag hybrid transparent heater shows outstanding 

optoelectronic performance (sheet resistance of 4.3 Ω /sq at transmittance of 96%). This is because the 

microgrid electrode not only occupies only 4% of the entire area but also has no electrical junction which 

may have a significant resistance. In addition, the transparent heater presents fast heating rate even at a low 

DC voltage by using silver (Ag) which has high thermal conductivity. Thus, our Ni/Ag hybrid transparent 

heater leads to high saturation temperature (up to 120 oC) at low DC voltage (5 V) compared to conventional 

transparent heater (ITO: 60 oC at 5 V). Furthermore, nickel (Ni) layer, a corrosion-resistant material, is 

coated on the Ag microgrid electrode via electroplating to improve a thermal/chemical stability. As a 

consequence, the proposed transparent heater exhibits no degradation of sheet resistance even under harsh 

environments such as a high temperature of 300 oC and sulfur atmosphere, confirming a effective 

passivation effect against thermal oxidation and sulfurization. Therefore, the use of our designed Ni/Ag 

microgrid electrode presents a unique opportunity to develop a high-performance transparent heater with 

superior long-term stability as well as a high saturation temperature at low input voltages. 
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Comparison of CO2 absorption and desorption mechanisms of MgO 

promoted by solid and molten alkali metal carbonates 
 

Jin-Su Kwak, Kang Yeong Kim, Kyung-Ryul Oh, Jeong-Min Lee, Young-Uk Kwon* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

One possible solution for reducing the concentration of CO2 at atmosphere is carbon capture and 

sequestration technologies (CCS). Among the various CO2 capture materials, MgO, which promoted by 

alkali metal carbonate, has been studied by previous researchers because of the lowest regeneration 

temperature (400 ~ 500 °C) among alkali and alkaline earth metal oxides-based materials. In this study, we 

characterize CO2 absorption and desorption mechanisms of solid (A2CO3; A=Na, K, Rb and Cs) and molten  

((Li0.435Na0.315K0.25)2CO3) alkali metal carbonate-promoted MgO. Although solid and molten alkali metal 

carbonate-promoted MgO has same two-step absorption mechanism, details are different depending on the 

phase of the promoter. Molten alkali carbonate-promoted MgO shows higher MgO conversion ratio and 

faster conversion kinetics than those of solid alkali carbonate-promoted one. A main difference between 

molten and solid alkali carbonate is the presence or absence of the liquid reaction medium. Molten alkali 

carbonate provides liquid reaction medium between MgO and CO2 and this is similar with molten nitrate 

one. On the other hand, there is no liquid medium in solid alkali carbonate-promoted MgO. Here, CO2  

absorption is proceeded at the interface between A2CO3 and MgO. Additionally, we find carbonated product 

is changed as following the reaction mechanisms. Detailed data and their explanation will be presented in 

the poster session. 
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The Effect of Oxygen Functionalization on Carbon Support for The 

Increased Population of Pt NPs by Ultrasound-assisted Polyol 
Synthesis 

 

Jong-Un Jung, Hyun-Uk Park, Ah-Hyeon Park, Wenjuan Shi, Young-Uk Kwon* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

We synthesized platinum nanoparticles supported on various types of carbon (ketjen black, oxidized ketjen 

black, Vulcan XC-72, oxidized Vulcan XC-72, reduced graphene oxide, graphene oxide) by ultrasound-

assisted polyol synthesis method and studied the effect of oxygen functionalization one the population of 

Pt NPs. To prepare Pt/X (X = KB, KB-oxi, VC, VC-oxi, RGO and GO) samples, Pt(acac)2 and one of 

carbon support were dispersed in ethylene glycol and irradiated by ultrasound for 3h. Based on the structural 

characterization data, we found Pt/KB-oxi, VC-oxi and GO samples have plenty of population though 

transmission electron microscope (TEM) on each support respectively. Degree of oxidation of samples was 

investigated by thermogravimetric analysis (TGA) and differential thermal analysis (DTA). Compared with  

the relatively reduced form of support, KB-oxi, VC-oxi and GO have big weight loss and exothermic curve. 

It means that they were successfully more oxidized than KB, VC and RGO. In conclusion, we verified that 

the effect of oxygen functionalization on carbon support can increase the population of Pt NPs. 
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Nitrogen-doped 3D Microporous Carbon Synthesized Using Zeolite as 

a Template for Oxygen Reduction Electrocatalysis 
 

Seung Won Han, Ryong Ryoo* 

 
Center for Nanomaterials and Chemical Reactions, Institute for Basic Science, Korea 

  

Heteroatom-doped porous carbons having ordered porosity have gained increasing attention as an efficient 

and cost-effective material for energy conversion and storage applications, such as fuel cells, 

supercapacitors, and batteries. In addition to the improvement of electrochemical properties from the 

heteroatom doping effect, the porous nature of the carbon materials has shown following benefits: increased 

number of accessible active sites and easier diffusion of molecules through the material. For these reasons, 

recent attention has been directed to the synthesis of heteroatom doped porous carbons with high surface 

area and ordered porous structure on account of synergistic combination of its structural features and 

modified electronic properties. In this work, we present the synthesis of nitrogen-doped 3D microporous 

carbon using zeolite as a hard template and various nitrogen containing carbon precursors. The synthesis 

was performed with an aid of Ca2+ ion catalysts embedded inside the zeolite framework, following the 

recently reported catalytic synthesis approach from our group. The carbon product had large surface area 

of > 2000 m2g-1, large pore volume of > 1.0cm3g-1, uniform micropores, and high content of nitrogen. The 

changes in the amount of nitrogen doped in the carbon and nitrogen bonding configurations in the 

framework according to synthesis temperature are presented. Furthermore, we report the performances of 

nitrogen-doped zeolite-templated carbons as an electrochemical oxygen reduction catalyst. In particular, 

oxygen reduction behavior in terms of chemical state of nitrogen and porous texture of the carbon is 

discussed. 
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Polydopamine Assisted Mechanically Reinforcement of Graphene 

Oxide Fiber from Graphene Oxide Liquid Crystals 
 

Hyun-Tae Hwang, Hyeon Suk Shin1,* 

 
Department of Energy Engineering, Ulsan National Institute of Science and Technology, Korea 

1Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

In recent years, Graphene fiber, one of the carbonaceous fiber, has attracted attention from many researchers 

because of their distinguished properties of graphene such as flexibility, mechanical properties and 

electrical and thermal conductivity. Although graphene fiber is interesting material, it is hard to apply to 

real application including strain sensor, fiber type actuators and electronic conducting fiber. Because, 

Graphene fiber is mechanically weaker than other carbonaceous fiber such as conventional carbon fiber 

and carbon nanotube fiber. However, many researchers want to fabricate the graphene with high mechanical 

properties due to characteristic graphene fiber such as more flexible and cheaper than carbon and CNT fiber. 

In this study, we fabricate mechanically reinforced graphene oxide fiber using dopamine hydrochloride(DA) 

coagulation bath from graphene oxide liquid crystals. After then, graphene oxide fiber derived by DA was 

soaked into pH 8.5 Tris-HCl buffer solution and reacted three hours to preparing polydopamine 

functionalized graphene oxide fiber. The pH-induced polydopamine functionalization is inspired by robust 

adhesion of marine mussels. From this reason, the polydopamine functionalized graphene oxide fiber shows 

enhanced tensile strength then previous graphene oxide fiber (derived by CaCl2 coagulation bath). 

Moreover, the polydopamine functionalized graphene fiber was reduced by microwave treatment, this 

method was previously reported to obtain high quality graphene from graphene fiber, to obtain nitrogen 

doped high quality graphene fiber. The microwave-reduced polydopamine functionalized graphene oxide 

shows improved electrochemical performance and we expect that it can apply to various application. 
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Highly active and stable Pt nanocrystals on few-layer MoSSe/carbon 
nanotube structure for electrocatalyst of hydrogen evolution reaction 

(HER) 
 

Yena Kim, Hye Ryung Byon1,* 

 
Surface and Interface Science Laboratory, RIKEN, Japan 

1Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Platinum nanocrystals (Pt NCs) have been widely used as the ideal electrocatalyst for hydrogen evolution 

reaction (HER). Although non-noble metal catalysts have been extensively developed to reduce the material 

expense and replace Pt in recent, their catalytic activities have been still far inferior to Pt in acidic media. 

However, HER performance with Pt catalyst is swiftly decreased for long-time operation. One of the critical 

reasons for such a poor stability is the weak-binding interaction with carbon electrode, which leads to 

coalescence, detachment and dissolution of Pt NCs from carbon. Therefore, the rigid immobilizat ion of Pt 

NCs to electrode is crucial to suppress the loss of active sites and to retain HER activity. Here we develop 

Pt nanocrystals that are implanted in molybdenum sulfide selenide (MoSSe) alloy layer, and this Pt 

NCs/MoSSe layers coaxially coat carbon nanotube (CNT) electrode. The MoSSe/CNT was prepared 

through hydrothermal reaction, and Pt NCs were subsequently synthesized through photochemical 

reduction reactions. The MoSSe was grown along to the sidewall of CNT with bilayer or trilayer, which 

may allow for smooth electron transfer in between Pt NCs and CNT electrode. In addition, the attached Pt 

NCs are uniformly distributed with an average diameter of ~2 nm on the catalyst support of MoSSe. The 

Pt/MoSSe/CNT shows higher catalytic activity for HER in comparison with commercial Pt/carbon (C) in 

0.5 M H2SO4 at 25 oC. When Pt loading is controlled to ~20 wt%, the Pt/MoSSe/CNT shows an onset 

potential of 21 mV vs RHE, a Tafel slope of 29.7 mV dec−1 and negligible HER activity loss up to 3000 

cycles of cyclic voltammetry (-0.3 ~0.7 V vs RHE). By comparison, commercial Pt/C exhibits an onset 

potential of 35 mV and a significant decrease in HER activity within 3000 cycles. This remarkable HER 

activity for Pt/MoSSe/CNT may be attributed to modulation of electronic structure of Pt NCs from MoSSe 

in addition to low electrical resistance of bilyaer/trilayer MoSSe. Besides, the strong attachment of Pt NCs  



to MoSSe layer, which might be achieved from photochemical reduction process, enhances the stability. In 

this presentation, I will discuss the structural advantage of Pt/MoSSe/CNT we prepared and the correlated 

catalytic performance in details. 
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Electronic and optical properties of 2D ScN: A theoretical study 

 

ARTEM KUKLIN 

 
Department of Chemistry, Kyungpook National University, Korea 

  

The family of 2D materials is rapidly increasing since the discovery of graphene. Each new material brings 

interesting properties, which are usually different from their bulk analogs. Many theoretically predicted 2D 

materials with a honeycomb-type structure, which are non-layered in bulk, have been confirmed in 

experimental reports where graphitic thin ZnO, GaN and stanene were fabricated through different  

experimental techniques. 2D materials based on transition metal nitrides (TMNs) might provide a new class 

of materials with extraordinal properties [1]. By means of first principle calculations, we predict the 

existence of graphene-like hexagonal scandium nitride (h-ScN) which represent one monolayer of (111) 

plane of bulk ScN and has perfectly flat structure. High stability of 2D ScN was confirmed by phonon 

dispersion and AIMD calculations. The electronic structure calculations demonstrate that freestanding h-

ScN is the indirect band semiconductor with band gap size of 1.57 (2.57) eV from GGA (HSE06) levels 

respectively. The detailed analysis of orbital-projected atomic density of states revealed the rare sd2 

hybridization type of scandium orbitals. Optical properties were investigated by solving BSE equation. The 

h-ScN may be considered as a potential new fundamental 2D material with semiconducting properties.[1] 

Kuklin, A. V. et al. Nanoscale 2017, 9 (2), 621–630.Authors acknowledge the Siberian Supercomputer 

Center (SSCC) of SB RAS, Novosibirsk; Irkutsk Supercomputer Center of SB RAS for providing the 

computing resources. This work was supported by the government contract of the Ministry of Education 

and Science of the Russian Federation to Siberian Federal University (Grant No. 16.1455.2017/PCh). AVK 

acknowledges NRF Grant No. NRF-2017R1A2B4004440 
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Synthesis and characterization of layered siloxene sheets and their 

composites for catalytic applications 
 

Kyu Hyung Lee, Eung-ryeol Kim, Hee Jung Yang, Seok Huh, NAM HWI HUR* 

 
Department of Chemistry, Sogang University, Korea 

  

Siloxene has a nominal composition of Si6H3(OH)3, in which the Si atoms in the silicon layer are 

alternately terminated by hydrogen (H) and hydroxyl (OH) groups. The siloxene sheets were prepared by 

immersing calcium silicide (CaSi2) in concentrated HCl solution at low temperature. They were then 

combined with graphene oxide sheets by layer-by-layer assembly, followed by the reduction of the 

assembled material using solid hydrazine. The resulting product, which is a composite of siloxene and 

reduced graphene oxide sheets, was fully characterized by X-ray diffraction, transmission electron 

microscopy, scanning electron microscopy, UV-visible spectroscopy, and thermogravimetric analysis. The 

photocatalytic property of the composite was evaluated under visible-light irradiation, which exhibits  

excellent photocatalytic activity compared to the siloxane sheet alone. Based on the structural, optical, and 

electrical properties for the composite, the origin will be presented in detail. In addition, the catalytic 

properties of the siloxane sheet will also be discussed. 
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Specific surface area of layered double hydroxides according to 

synthesis method, calcination condition and reconstruction 
 

Bo-Kyung Kim, GYEONGHYEON GWAK1, Jae-Min OH2,* 

 
Department of Chemistry, Yonsei University, Korea 
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2Chemistry and Department of Medical Chemistry, Yonsei University, Korea 

  

Specific surface area (SBET) of layered double hydroxides (LDHs) is important considering their application 

as catalysts, drug reservoir, pollutant scavenger and etc. We investigated SBET and porosity of LDHs which 

were synthesized through various methods, calcined at different temperature to obtain layered double 

oxides (LDOs) and reconstructed to original LDH structure. Three different synthesis methods were utilized  

to obtain pristine MgAl-CO3-LDHs: 1) coprecipitation of metal cations with sodium hydroxide (LDH-C), 

2) coprecipitation followed by hydrothermal treatment (LDH-CH) and 3) coprecipitation of metal cations 

with homogeneous urea hydrolysis (LDH-U). All the LDHs were calcined at different temperature (400 ℃, 

500 ℃ and 600 ℃) for 10 h, showing phase transformation to periclase (MgO, JCPDS No. 45-9846), a 

typical phase of LDO. The LDOs were successfully reconstructed to LDH phase in the presence of water 

and bicarbonate anion. We found that calcination and reconstruction process generally increased SBET 

values, where the synthesis method governed the overall values. The SBET values of pristine, calcined and 

reconstructed LDH were highly related to the crystallite size (X-ray diffraction pattern) and local disorder 

around Al (27Al-MASNMR). The highest SBET ~250 m2/g was obtained with calcined LDH synthesized by 

urea hydrolysis. 
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Hydrothermal synthesis of high-crystalline layered double hydroxides 

via phase transformation from brucite layers 
 

Jinseop Shin, Tae-Hyun Kim, Jae-Min OH* 

 
Department of Chemistry and Medical Chemistry, Yonsei University, Korea 

  

Layered double hydroxide (LDH), also known as synthetic hydrotalcite, consists with divalent and trivalent 

metal hydroxide layers and interlayer anions. LDHs were typically synthesized by coprecipitation method 

with mixed metal solutions and alkaline solution. Meanwhile, brucite (Mg(OH)2) and gibbsite (Al(OH)3 ) 

were utilized to synthesize LDHs in previous reports. In this study, we synthesized LDHs with brucite and 

aluminum nitrate solution as Mg2+ and Al3+ precursor, respectively. The mixed suspension was transferred 

to Teflon-lined autoclave and hydrothermally treated (150℃) for 12 h in order to synthesize high-crystalline 

LDHs and identify the phase transformation mechanism from brucite to LDHs. We collected 30 mL of 

suspension at designed time points (1.5, 2.3, 2.7, 3, 4 and 12 h) from the hydrothermal reactor. The samples 

were collected with centrifugation (12,000 rpm, 10 min) and washed several times with deionized water, 

and then lyophilized. From the powdered X-ray diffraction (PXRD) patterns and high resolution-

transmission electron microscope (HR-TEM) images showed the successful phase transformation from 

brucite to LDHs. Energy dispersive spectroscopy (EDS) assisted TEM was utilized for the identification of 

atomic distribution of the brucite and LDH particles. At the early stage, Al moieties were observed in the 

edge of hexagonal brucite particles. Afterwards, Al atoms were homogeneously existed in brucite platelets. 

The size and morphology of prepared samples were evaluated with scanning electron microscopy (SEM). 

To quantify and investigate the behavior of metal atoms at the supernatant and precipitate of the samples, 

we carried out using inductively coupled plasma-optical emission spectrometer (ICP-OES). 
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Graphitic carbon nitride confined in 2D nanocage as an effective UV 

shielding material 
 

HUIYAN PIAO, GOEUN CHOI, JIN-HO CHOY* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Graphitic carbon nitride (g-C3N4) has received a great attention not only due to their unusually high 

chemical and thermal stability, but also its various physico-chemical functions applicable for visible light 

harvesting photocatalyst, metal-free catalyst, reactive template and nitrogen source of nitridation reaction. 

In this study, we developed a novel soft chemical route to g-C3N4 nanosheets confined in 2D nanocage 

(Mica) by intercalating cyanamide, a precursor of g-C3N4, into layered mica and its subsequent pyrolysis. 

In brief, cyanamide was intercalated into mica via solid state reaction at 100°C for 3 hrs to form cyanamide-

mica nanohybrid. The cyanamide in the interlayer space of mica was polymerized to g-C3N4 at 550°C for 

4hrs. According to the X-ray diffraction (XRD) and transmission electron microscope (TEM) analyses, the 

basal spacing of mica (0.96 nm) was expanded to 1.50 nm for cyanamide-mica and 1.28 nm for g-C3N4-

mica nanohybrids, respectively, indicating that cyanamide was successfully intercalated into interlayer 

space of mica and polymerized to g-C3N4 nanosheets. The intergallery height of g-C3N4-mica nanohybrid 

was determined to be 0.32 nm which is exactly the same as the single atomic layer thickness of graphite 

indicating the formation of single sheet g-C3N4. The g-C3N4-mica nanohybrids as well as bulk g-C3N4 

showed excellent UV absorption properties below 450 nm. However, the photocatalytic activity of g-

C3N4–mica hybrid was almost quenched, due to the effective screening of photoactive site by insulating 

mica. It is, therefore, concluded that the present g-C3N4 –mica could be applicable as the UV-screening  

agent due to its excellent UVA-UNB-UVC (200~400 nm) screening property without any photocatalytic 

degradation and phototoxicity. 
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Surface charge effect of graphene oxides in blood 
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Chemistry and Department of Medical Chemistry, Yonsei University, Korea 

  

Graphene oxide (GO) is attracting nanomaterials due to potential applications in various application fields. 

We prepared GO to have controlled surface chemistry by modifying with amine moieties such as ammonia, 

1,3-diaminopropane and 1,6-diaminohexane, respectively. The X-ray diffraction pattern showed that 

structure of GO and modified amine moieties. X-ray photoelectron spectroscopy results exhibited that the 

successful formation of C-O and C-N bonds in amine modified GOs (GNs). From zeta potential analysis, 

GO showed strong negative charge at all the measured pH and showed that the zeta potential changed from 

negative (~ -45 mV) to positive (~+33 mV) values upon amine modification with increasing alkyl chain of 

amine moieties. In order to evaluate surface charge effect of GO on blood cell, we carried out hemolysis 

and cell counting assay utilizing human whole blood. The surface interaction between GOs and blood cells 

was observed either by optical microscopy after Wright staining or by scanning electron microscopy. To 

evaluate interaction between proteins and GOs depending on their surface chemistry, we investigated both 

protein adsorption isotherms by Bradford assay and protein denaturation/aggregation by fluorescence 

quenching assay utilizing human serum albumin, human serum gamma-globulin, human serum fibrinogen 

and human whole plasma, respectively. The results revealed that the samples have more interaction with  

increasing negative surface charge. 
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Hematocompatibility of layered double hydroxides depending on size 
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Layered double hydroxide (LDH), which consists of mixed metal hydroxide nanolayers and interlayer 

anions, is one of the most attractive nanomaterials in drug delivery system for intravenous injection. In this 

study, we have evaluated the biological behaviors of LDH nanomaterials in human blood environment 

depending on their particle size and morphology. LDH nanomaterials with controlled size and morphology 

were prepared by regulating crystal growth mechanism through hydrothermal treatment or urea hydrolysis. 

Powder X-ray diffraction patterns and scanning electron microscopic analyses indicated that all the three 

LDH samples prepared in different condition possess well-crystallized hydrotalcite-like structure with  

average diameter ~ 150, ~ 350 and 2,000 nm size. The former two had aspect ratio ~ 3 and the last one ~ 

25 exhibiting short hexagonal column-like and plate-like morphology, respectively. In order to evaluate the 

possible interaction of LDH nanomaterials with human blood components, we investigated the effect of 

LDHs on hemolysis and viability of red blood cells (RBCs). The RBCs were visualized with both optical 

and electron microscopies to examine the morphological change and cell-LDH interaction at the interface, 

showing a possible attack by large plate like LDHs in high administration concentration. The human blood 

plasma mixed with different sized LDHs did not show significant aggregation or absorption of proteins on 

LDHs. It was concluded that the LDH nanomaterials are fairly compatible to blood components although 

the morphology can affect their interaction with cells. 
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Amplified Circularly Polarized Phosphorescence from Co-Assemblies 

of Platinum(II) Complexes 
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Circularly polarized luminescence (CPL) is the differential emission of right- and left-handed circularly  

polarized lights. CPL has a variety of photonic utility, including 3D electroluminescence displays, optical 

storages, spintronic applications, enantioselective probes, security tags, lasers and the asymmetric 

photosynthesis. However, the most of CPL-active molecules are far from practical utility, because they 

suffer from small dissymmetric factors (|glum|) and low quantum yields for CPL. To address this challenge, 

we exploited the sergeants-and-soldiers principle. In our approach, an achiral monocyclometalated  

platinum(II) complex having 4,4 -bisnonyl-2,2 -bipyridine (denoted as PtN) and an enantiomeric pair 

of monocyclometalated platinum(II) complexes having the Masamune Box ligands (denoted as (R)- and 

(S)-PtBox) were synthesized and employed for the soldiers and sergeant, respectively. PtN co-assembled 

with (R)- or onto glass substrates. AFM and SEM images revealed that the enantioselective formation of 

the helical (S)-PtBox into homochiral helical wires upon drop-casted wires was dictated by the chirality of 

PtBox. The helical co-assemblies exhibited strong Cotton effects at the metal-to-ligand charge-transfer 

transition of PtN in the circular dichroism spectra, suggesting exciton coupling to be responsible for the 

chiroptical effect (gabs= +0.02 and  0.02 for the (R)-Ptbox/PtN co-assemblies and (S)-Ptbox/PtN co-

assemblies, respectively, at 500 nm). Finally, CPL spectra with high dissymmetry factors (glum=  0.05 

and +0.05 for (R)-Ptbox/PtN co-assemblies and (S)-Ptbox/PtN co-assemblies, respectively, at 570 nm) were 

observed. Such amplification in the chiroptical properties was ascribed to transfer of both chirality and 

energy from PtBox to PtN. 
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Synthesis of CuS@MoSx Hybrid Structure by using Inorganic Ligand 

Exchange and Application to Catalyst of Hydrogen Evolution Reaction 
 

YoungJin Park, Hyeon Suk Shin* 

 
Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

Much effort has been made to develop cost-effective electrocatalysts for last decades to replace expensive 

and earth-rare platinum catalysts in hydrogen evolution reaction (HER). Copper sulfide (CuS) has been 

little used for an electrocatalyst but can have potential as a component of hybrid electrocatalysts. In this 

study, we demonstrate colloidal syntheses of CuS and its hybrid materials for HER catalysts. The colloidal 

CuS nanoplatelets showed poor electrocatalytic activity in HER (-526 mV for onset potential and 100 

mV/dec for Tafel slope). The low HER performance can be attributed to proton-inaccessibility by 

hydrophobic ligand, and coverage of active sites by aggregation of nanocrystals. To improve the HER 

catalytic activity, CuS based hybrid materials with molybdenum disulfide (MoS2) were synthesized. 

CuS/MoS2 hybrid was synthesized by ligand exchange and annealing procedures. Ammonium 

tetrathiomolybdate ((NH4)2MoS4) was used as a precursor for the ligand exchange. (NH4)2MoS4 was 

dissolved in N,N-dimethylformamide (DMF) and acted as an inorganic ligand (MoS42-). Simple sonication 

of a mixture solution consisting of CuS in hexane and (NH4)2MoS4 in DMF exchanged oleylamine ligand 

of CuS with (MoS42-) to give CuS@MoSx. During the ligand exchange, stacked CuS nanoplatelets were 

disassembled by sonication. The HER activity of CuS@MoSx was improved: -182 mV for onset potential 

and 88.2 mV/dec for Tafel slope. The improvement would be due to exposure of more active sites by 

disassembly of nanoplatelets and enhanced proton accessibility by removing oleylamine ligands attached 

to CuS. 
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Chelator-Free Incorporation of Zr-89 in Hematite Nanoclusters using 

Glutamic acid through One-pot Hydrothermal Synthesis 
 

Pyeong Seok Choi, JEONG HOON PARK* 

 
Korea Atomic Energy Research Institute, Korea 

  

Zr-89 utilized in Positron Emission Tomography (PET) has been the spotlight in nanomedicine due to 

relatively long half-life required for the measurement of long-term in vivo behavior of the nanoparticles. 

The metallic radioisotope usually needs the chelator for conjugation with bioactive nanomaterials as a 

radiopharmaceutical. However, the chelator attached on surface of nanoparticle could induce 

unprecedented alteration of its properties due to the variation in the surface charge of the nanoparticles and 

may reduce innate targeting system. We successfully tried to introduce Zr-89 on the hematite nanocrystals 

by glutamic acid. Chelator free rice-shaped Zr-89 incorporated hematite nanoclusters were formed by using 

simply one-pot hydrothermal synthesis for 24 h. The hematite nanoclusters were characterized and their 

average length and width were found to be 180 and 82 nm respectively. Controlling of the nanometer size 

was achieved by using formic acid as a capping agent. The respective chemical composition of Fe, Zr, 

glutamic acid and formic acid was confirmed by IR, ICP, XPS and EDX. As a result, Zr-89 incorporated 

nanoclusters with 98%, of synthesis efficiency were obtained and its stability was significantly high in 

biological mediums which was further confirmed by radio-TLC and DLS for the span of a week. To 

conclude, Zr-89 incorporated hematite nanoclusters were synthesized through fairly simple self-assembly 

mode in aqueous solution and radio-tagging of hematite nanoclusters using Zr-89 for PET diagnostic 

nanomedicine without chelator was achieved for the very first time. 
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Anomalously high lithium storage within three-dimensional graphene-

like ordered microporous carbon electrode synthesized in zeolite 
 

Yonghyun Kwon, Kyoungsoo Kim1, Hongjun Park, Ryong Ryoo* 
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Nanostructured carbons with high porosity are of great interest as high-performance anode materials for 

lithium-ion battery (LIB) applications. In the present work, we investigated the Li storage behavior of three-

dimensional graphene-like ordered microporous carbon, which was synthesized via a zeolite-templating  

route. The microporous carbon exhibited an extremely high initial Li storage capacity as an anode for LIBs . 

Approximately 60% of the initial capacity was reversible during the subsequent cycles, while 40% was 

irreversible. The reversible capacity was comparable to the highest value reported so far with carbon alone. 

In order to investigate the chemical state of the Li species (i.e., ionic or metallic), the charged and 

discharged zeolite-templated carbon sample was characterized with 7Li nuclear magnetic resonance 

spectroscopy. The location of lithium was investigated using a transmission electron microscope equipped 

with an electron energy loss spectrometer and an energy-dispersive X-ray spectrometer. The result indicated 

that most of the reversible and irreversible lithium existed in nonmetallic +1 oxidation state inside the 

carbon micropores. The huge amount of Li storage is attributed to the three-dimensionally ordered 

microporous structure with a large surface area built with the single-layer graphene-like framework. In this 

study, we provides insights on the Li storage behavior in narrow carbon pore environment. 
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Synthesis of new heteroleptic Ru(II) complexes and their application 

for dye-sensitized solar cells 
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Among many green energies, research on dye-sensitized solar cells (DSSCs) using solar energy attracts 

attention. Recent researches have been engaged in the ligand design aiming to improve the photocurrent 

with a red-shift of the metal-to-ligand charge transfer (MLCT). To increase the absorption in the more red-

shifted region, heteroleptic ruthenium(II) complexes were developed with various ancillary ligands in our 

group. As continuous study based on this idea, we designed new heteroleptic ruthenium(II) complexes by 

extending the π-conjugation of the anchoring ligand expecting better light harvesting ability. Consequently, 

we have synthesized new heteroleptic ruthenium(II) complexes with ancillary ligand (4,4`-bis(2-[1 ,1 `-

biphenyl]-4-yletheny])-2,2`-bipyrid ine) and anchoring ligands (different ɑ-diimine ligands). Dye-

sensitized solar cells based on some of new ruthenium(II) complexes show noble power conversion 

efficiencies, which are comparable with that of the standard cell based on N719 
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Selective Extraction of Iron and Calcium Elements from Iron-rich 

Mixed Chloride Solutions 
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Department of Chemistry, Sogang University, Korea 

  

A novel extraction method for recovering iron and calcium elements from iron-rich mixed chlorides 

produced by the ilmenite (FeTiO3) chlorination process is developed. The recovery of iron elements from 

the cyclone dust has gained increasing interest mainly because the dust contains over 80% by weight of 

iron and a range of metals such as Mn, Mg, Al, Cr, and so on. To extract the iron component selectively, 

calcium carbonate (CaCO3) was used as a precipitating reagent. The addition of CaCO3 into the mixed  

chloride solution leads to the formation of iron precipitates, which convert into iron oxide (Fe2O3) by 

annealing. Other metal residues in the remaining solution were precipitated out by the addition of calcium 

oxide (CaO). Finally, calcium chloride (CaCl2) was crystallized from the solution. The effects of several 

experimental variables on the extraction process such as concentration of the chloride solution, amount of 

calcium additives, and pH were carefully investigated. Oxide products were characterized by X-ray powder 

diffraction, transmission electron microscopy, inductive coupled plasma atomic emission spectroscopy, 

UV-visible spectroscopy, and CIE 1931 color space. 
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Interfacial Magnetic Interaction of FeSe and SrTiO3 Nanoparticles 
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We report a novel method to make FeSe/SrTiO3-x nanocomposites to observe the interfacial interaction 

between FeSe and SrTiO3-x grain boundaries. The oxygen-deficient SrTiO3-x nanoparticles (NPs) were 

successfully prepared by the annealing the SrTiO3 NPs in the presence of Mg powders in an evacuated 

quartz tube. The FeSe/SrTiO3-x nanocomposites were then synthesized by the solvothermal method, in 

which the SrTiO3-x NPs were evenly deposited on the surfaces of the FeSe NPs. Interestingly, the initial 

cubic morphology of the SrTiO3-x NPs is retained in the resulting nanocomposites. The nanocomposites 

were fully characterized by transmission electron microscopy, scanning electron microscopy, X-ray powder 

diffraction, and magnetization measurements using a SQUID magnetometer. Magnetic measurements of 

the FeSe/SrTiO3-x nanocomposites revealed typical paramagnetic behaviors and no indication of 

superconducting signals presumably induced by the interfacial interaction between FeSe and SrTiO3-x. 
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Gold nanorods conjugated defective TiO2 nanoparticles for enhanced 

photodynamic cancer therapy and photothermal therapy in biomedical 
application 

 

Jooran Lee  
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Defective TiO2 nanoparticles (d-TiO2 NPs) easily infiltrate the membrane and cytoplasm of cancer cells via 

endocytosis. And then d-TiO2 NPs generate reactive oxygen species (ROS) leading to the destruction of 

cancer cells upon irradiation with visible light. However, the maximal absorption wavelength of d-TiO2  

NPs are located in the visible region, which is not suitable for subcutaneous treatment. In contrast, gold 

nanorods (Au NRs) convert light energy into heat energy to kill cancer cells with NIR range (650 nm - 900 

nm) light, which can penetrate deeply into biological tissue. Also, increased ambient temperature with Au 

NRs make an increase in ROS generation for photodynamic therapy (PDT). Therefore, a combination of 

PDT with photothermal therapy (PTT) attracts interest because PDT and PTT give absolutely different  

effects on the cancer cells, the combination of these two treatments possibly give synergistic effects. Hereby, 

we fabricated Au NRs conjugated d-TiO2 NPs (Au-TiO2 NPs) which exhibit the generation of ROS as well 

as photothermal effect for the simultaneous application of PDT and PTT. The combination of PDT and 

PTT treatment caused a significant increase in cell death compared to the each treatment. As a result, Au-

TiO2 NPs are promising nanomaterials for future in vivo phototherapy of cancer. 
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Metal azolate framework-6-derived porous carbon: Preparation and 

application in adsorptive removal of pharmaceutical and personal care 
products from water 
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Developing porous carbon is attractive considering versatile applications in various fields, and recently 

metal-organic frameworks (MOFs) are widely used as precursors for porous carbons. In this study, porous 

carbons were obtained by high temperature pyrolysis of metal azolate framework-6 (a subclass of MOFs), 

especially in the co-presence of KOH activator. The porosity and defect concentration of carbon increased 

by adding KOH activator; and therefore, the obtained carbon might be very useful in adsorptions. Actually 

the carbons obtained in suitable condition showed huge adsorption capacity for wide range of 

pharmaceutical and personal care products (PPCPs, such as acidic ibuprofen; weakly acidic triclosan and 

oxybenzone; and basic diclofenac sodium and atenolol). A plausible adsorption mechanism for ibuprofen 

could be also suggested by adsorption in wide pH conditions. Moreover, the used carbon could be recycled 

easily by solvent washing. Therefore, metal azolate framework-6-derived carbon (especially in the co-

presence of KOH activator) could be suggested as a potential adsorbent to purify water contaminated with  

organics such as PPCPs. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-370 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Synthesis of Uniform Manganese Cobalt Oxide Nanoparticles for 

Oxygen Reduction Electrocatalysis 
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Oxygen reduction reaction (ORR) is a crucial process to transfer and store the energy in fuel cell and metal-

air batteries. Platinum nanoparticles supported on porous carbon show a relatively high electrocatalytic 

performance. However, the high cost and restricted resources of Pt are major challenges for 

commercialization. Recently, transition metal spinel oxide such as Co3O4 exhibits promising ORR activity 

that could be enhanced by doping with Mn, Fe, Ni etc. due to a good electrical conductivity. Crystallinity  

and anti-aggregation of spinel oxide nanoparticles are also essential in high ORR activity. In this study, we 

have synthesized MnxCo3-xO4 (x=1~0) nanocubes by a topochemical reaction of exfoliated Co(OH)2  

nanosheet, which shows unique nanoscopic properties: a larger surface area of active hydroxides and a 

much narrower oxidation–reduction potential for the Co2+ ions in the hydroxide layer than those of the bulk 

α-Co(OH)2. Our reaction does not require an additional high-temperature calcination for crystalline spinel 

phase and an organic stabilizer for anti-aggregation. We found that the size of MnxCo3-xO4 nanocube are 

controlled by concentration of Mn ions from 150 nm to 15 nm. We have measured the ORR activities by 

using cyclic voltammetry and linear sweep voltammetry under O2 saturated 0.1 M KOH solutions. The 

incorporation of Mn in cobalt oxide nanoparticles has dramatically reduced the onset potential and 

increased the current density. When the value of x reaches 0.005, the spinel oxide nanoparticle showed a 

best performance in ORR. 
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Adsorptive removal of personal care products from water: Record 
high adsorption capacities with polyaniline-derived porous carbons 
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Recently, contamination of water resources with personal care products (PCPs) is severe because of 

increasing living standard, huge production/consumption of PCPs and increasing population. In this study, 

removal of three typical PCPs such as triclosan, oxybenzone, and chloroxylenol was carried out via 

adsorption over highly porous carbon, prepared from pyrolysis of poly-amine under suitable condition. The 

carbons (named PDCs) showed record high adsorptions for the three PCPs. Moreover, the adsorption 

mechanism could be suggested by adsorptions in wide range of pH conditions. Or, H-bonding (PCPs as H-

donor) might be the main mechanism to explain the remarkable adsorption. Additionally, the used PDC 

could be recycled by simple solvent washing. Therefore, the PDCs could be suggested as a potential 

adsorbent to adsorb/purify contaminated water with PCPs.Keywords: adsorption; polyaniline-derived  

porous carbon; personal care products; water purification. 
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Layered rare earth hydroxide films to monitor Heavy Metal ions in 

Water 
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Layered rare earth hydroxides (LRHs) of the general formula RE2(OH)5X∙nH2O (RE = rare earths, X = 

interlayer anions), composed of alternately stacked [RE2(OH)5∙nH2O]+ rare earth hydroxocation layers and 

X− anion layers, are an emerging class of materials with a wide range of potential applications. As is 

generally accepted, LRHs would find much more diverse application fields if they are prepared as a (thin) 

film. Recently, a number of methods and procedures have been developed for the deposition of inorganic 

thin films at low temperature in aqueous solutions. In contrast to conventional ways using powders which 

are difficult to handle, these aqueous processes can readily immobilize to prevent powders from aggregation. 

In this study, chemical bath deposition (CBD) technique was employed to deposit LRHs films (RE = Y, 

Gd, Dy, Ho, Er, Tb, Eu) on glass substrates. Thin LRH films oriented perpendicular to the surface with  

microscale thickness were coated on glass substrates by hexamethylenetetramine hydrolysis reaction at 60-

80°C for 12h. XRD measurements and FE-SEM images confirmed successful deposition of single phase 

films with controlled orientation. This promising deposition approach was adopted to apply LRHs for the 

detection sensors of some oxoanions containing heavy metals such as Cr and W. Tb-doped LYH films  

deposited on glass tubes and pipes were demonstrated to monitor the presence of these ions in water by 

using “luminescence-on/off” characteristics accompanying the adsorption and energy 

transfer/luminescence quenching. 
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Monitoring the salicylate delivery of layered gadolinium hydroxide 

using green/blue luminescence change 
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Nanomaterial-based delivery system for releasing drug at a controlled rate for an extended period of time 

is often formed from a solid inner matrix material having solid particles of drug dispersed therethrough. 

Layered rare earth hydroxide family (LRHs) can also be a candidate for nanohybrids slowly releasing active 

ingredients because of its outstanding anion-exchange capacity between the hydroxocation layers where a 

large variety of inorganic/organic anions can be sheltered. Furthermore, the photoluminescence capability 

of LRHs is quite useful to monitor the inclusion/release behavior of drug ingredients by doping activator 

ions such as Ce3+, Eu3+, and Tb3+ into matrices. In the present work, a nonsteroidal anti-inflammatory agent, 

salicylic acid (2-hydroxybenzoic acid), was intercalated into the interlayer gallery of Tb3+ doped-layered 

gadolinium hydroxide (LGdH:Tb) via direct ion-exchange reaction. The characteristic 5D4 → 7FJ (J = 6, 5, 

and 4) green emissions of Tb3+, induced by the energy transfer from salicylate, provided a useful technique 

for “in-situ” monitoring the inclusion and release of salicylate. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-374 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Phosphate adsorption behavior of layered gadolinium hydroxide in 

aqueous solutions 
 

Hong gu Jeon, Hyunsub Kim, Song-ho Byeon* 

 
Department of Applied Chemistry, Kyung Hee University, Korea 

  

Phosphorus, in the form of phosphates in water, has both benefits and disadvantages. For instance, too 

much of it causes serious eutrophication in water bodies, whereas it is one of the essential nutrients that 

humans and animals need. Phosphorus is also a requisite of fertilizers for agricultural food production. 

Unfortunately, only a fifth of the phosphate content of fertilizers are being consumed by humans as most 

of them are washed away while in food production process. Hence, it is important to develop materials for 

the recovery of phosphates from environmental and industrial waste waters in order to reuse them. The use 

of rare earths (RE) is advantageous since they have high affinity to form stable complexes with phosphates 

even at low concentrations. Very low solubility of rare earth phosphate REPO4 in water resulted in a 

significantly high phosphate adsorption capacity of l-RE(OH)3. In this study, layered gadolinium hydroxide 

l-Gd(OH)3 was selected as a representative adsorbent for the phosphate detection/removal from water over 

a wide pH range. The kinetics and isotherm of phosphate adsorption on l-Gd(OH)3 were investigated in 

aqueous solutions at pH = 5, 7, 9. The determined phosphate adsorption capacity of l-Gd(OH)3 was 

compared with those of layered rare-earth hydroxides containing Sm, Y, and Er. This new series of 

adsorbent can be a promising alternative for efficient and sensitive phosphate detection/recovery from 

natural and waste waters. 
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Nowadays, people are becoming more conscious about their skin health due to lengthen exposure to UV 

radiation from the sunlight which causes melanoma and other skin-related diseases. However, many organic 

compounds are not appropriate for UV absorption because of their low stabilities to light, temperature, and 

oxygen, etc.. It is consequently imperative to find ways on how to stabilize these organic compounds and 

protect them from degradation. In this work, cinnamic acid was intercalated into layered inorganic lattices 

by ion-exchange method. Two groups of 2-dimensional inorganic materials were used as hosts, namely 

layered double hydroxides (LDHs) and layered rare earth hydroxides (LRHs). The exchange capacity and 

arrange mode of anions in the interlayer galleries of LDHs and LRHs depends on the net positive charge of 

their hydroxide layers. The similarity and difference in inclusion phenomena of cinnamate in the interlayer 

space of LDHs and LRHs and its release behavior were demonstrated in this study. Furthermore, PVA films  

containing cinnamate-intercalated LDHs and LRHs nanosheets were prepared in order to compare the UV 

absorption and photo-degradation behavior of cinnamate. 
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Fabrication of polyphenol-metal complex thin film was attracted considerable attention in numerous fields. 

The solution based polyphenol-metal complexation, the most common technique, has a definite limit to the 

practical applications like the coating of bulk substrates. In this respect, we developed spray-assisted, highly 

efficient thin film coating method with polyphenol-metal complex of tannic acid and ferric ions. The 

developed spray method was accomplished extremely fast, less than 5 seconds, process and material 

independency. In addition, the spray method was successfully applied in common goods, such as mandarin 

oranges and strawberries. Due to the antibacterial effect of the tannic acid complex, the spray coated fruits 

maintained its freshness for significantly longer time. This study suggests promising method for a practical 

application in the perishable food industry. 
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Cells in vivo face a complex microenvironment, not only composed of a diverse array of biomolecular 

stimulants and structural cues, but also several heterotypic cell populations. As a result, the study of cell-

cell interactions has become especially important. However, conventional methods for in vitro cell culture 

are ill-suited to modulate cell-cell interactions that occur. In order to improve the degree of control over 

cell-cell interactions, several ‘patterned co-culture’ platforms have been proposed. But those methods have 

some drawbacks, ranging from biocompatibility, pattern shape restriction, complicated methods, and 

demanding severely restrictive materials and conditions. We propose a simple and highly biocompatible 

means of generating patterned co-cultures through the use of lipids, a common biomolecule, as an easily 

removable, cell-repellant mask. Lipids, depending on their charge, can possess varying degrees of cell-

repellence. Also, they are easily removable. So, we created a ‘lipid-mask’-based platform to form patterned 

co-cultures of heterotypic cell lines. Zwitterionic lipid masks selectively blocked cell adhesion to the 

substrate during the initial seeding, and limited cell attachment to microcontact-printed protein barriers. 

The masks were then removed via a routine washing step under physiological conditions, exposing the 

underlying substrate for protein coating and secondary cell seeding. The lipid-mask-based platform allowed  

for an extremely facile and rapid means of creating patterned co-cultures under highly biocompatible 

conditions. 
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Large-area graphene films produced by means of chemical vapor deposition (CVD) are polycrystalline and 

thus contain numerous grain boundaries that can greatly degrade their performance and produce 

inhomogeneous properties. A better grain boundary engineering in CVD graphene is essential to realize the 

full potential of graphene in large-scale applications. Here, we used atomic layer deposition (ALD) 

technique to deposit ZnO selectively on grain boundaries of the CVD graphene so as to depress the highly 

resistive effect of the grain boundaries. The ZnO ALD / Graphene film showed the electrical properties—

a sheet resistance of 68 Ω/□, a field effect mobility of 7,460 and 2,610 cm2·V-1·s-1 for hole and for electron, 

respectively. A defect-selective atomic layer deposition (ALD) for stitching grain boundaries of CVD 

graphene with conductive ZnO so as to increase the connectivity between grains. In the present ALD 

process, ZnO with a hexagonal wurtzite structure was selectively grown mainly on the defect-rich grain 

boundaries to produce ZnO-stitched CVD graphene with well-connected grains. For the CVD graphene 

film after ZnO stitching, the inter-grain mobility is notably improved with only a little change in the free 

carrier density. We also demonstrate how ZnO-stitched CVD graphene can be successfully integrated into 

wafer-scale arrays of top-gated field-effect transistors on 4-inch Si and polymer substrates, revealing 

remarkable device-to-device uniformity. 
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Carbon nanotubes (CNTs) have received of attention for supporting material due to their outstanding 

physical properties, such as the ultra-high surface area, high mechanical strength, and also high chemical 

and thermal stability. Aromatic nitro compounds have been categorized as a hazardous waste and toxic 

pollutant. Thus, efficient elimination of aromatic nitro compound is very important. Pd-based compounds 

have high catalytic activity for the reduction of aromatic nitro compounds. By the way, the applications of 

Pd nanoparticles remain limited by weakness in terms of their easy aggregation and the difficulty of catalyst 

product separation. In this study, we synthesized Pd and Ni(OH)2-decorated CNT by introducing amine 

groups on CNTs. To study the catalytic activity, a 1ⅹ10-3 M of aqueous nitrophenol solution was mixed 

with 0.1 M of fresh NaBH4 solution. The CNT-Pd/Ni(OH)2 catalysts were added and stirred. The mixtu re 

was immediately transferred into a quartz cuvette and UV-vis absorption spectra were recorded to monitor 

changes in the reaction mixture. 
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Gold (Au) nanoparticles have been studied and applied in various nano-bio fields including sensors, 

imaging, and therapy due to their advantages which represented as good biocompatibility, unique 

physicochemical and optical properties. The development of synthetic methods for Au nanoparticles with  

different size, morphology, and surface properties has been a long-standing concern for the control of these 

properties. Galvanic replacement reaction, one of the most novel synthetic methods used to form 

sophisticated structures such as hollow nanoshells or nanoframes, has been widely used since its first report 

in 2003. Here, we report new synthetic strategy to prepare porous Au nanoplates (pAuNPs) through 

reducing agent-assisted excessive galvanic replacement which accomplished by competitive reaction 

between replacement and regrowth by excessive addition of replacing ions and existence of reducing 

additives. Under the control of reaction kinetics by replacing ion and additives, various morphologies as 

holey-nanoplates, nanoframes, porous nanoplates, bumpy nanoplates were successfully manufactured. 

Prepared pAuNPs exhibited excellent biocompatibility, loading capacity against thiolated gene, and highly 

efficient photothermal conversion. The combination of these characteristics could finally show the 

possibility of gene-thermo combinational therapy for hepatocarcinoma Huh7 cells. 
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Palladium (Pd) nanoparticles have received significant attention in various metal-catalyzed transformations 

and cross-coupling reactions as recyclable and highly active catalysts. By the way, the applications of Pd 

nanoparticles remain limited by weakness in terms of their easy aggregation and the difficulty of catalyst 

product separation. Recently, deposition of noble metals (i.e. Au, Pt, Ag, and Pd) on n-type TiO2  

nanoparticles has attracted considerable attention due to the uniqueness of their combinatorial interfacial 

properties and functions which are otherwise not available to either of the single components. In fact, Pd 

deposition on anatase TiO2 nanoparticles has been shown to enhance their catalytic activity in removal of 

organic pollutant. In this study, we synthesized Pd and TiO2-decorated CNT. And then study has been 

undertaken to investigate the UV irradiation effect on catalytic activities. A Pd-TiO2-CNT composite was 

prepared by a previously reported sol-gel method, whereby anatase TiO2 and metallic Pd nanoparticles were 

deposited onto the surface of CNTs. The prepared Pd-TiO2-CNT material was employed as a catalyst for 

the Heck reaction, and it showed higher catalytic activity in the presence of UV irradiation than in the 

absence of UV irradiation. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-382 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Substrate-independent and Transparent Coating inspired by Curry 

 

JiHwan Eom, Woo Kyung Cho* 

 
Department of Chemistry, Chungnam National University, Korea 

  

Inspired by curry, we developed a substrate-independent coating approach by using turmeric, which is a 

main component of curry. We performed the experiments to optimize variable conditions with gold 

substrates in terms of concentration and pH of the coating solutions. The turmeric-coated substrates were 

characterized by using ellipsometer, contact angle goniometer, and atomic force microscope. The optimized  

condition was applied to various substrates including titanium dioxide, silicon dioxide, glass, nylon, 

stainless steel, indium tin oxide, polyethylene, acryl, polypropylene, polycarbonate, 

poly(tetrafluoroethylene), and cyclic olefin copolymer. All of the turmeric-coated substrates showed the 

similar water contact angle as 35°, demonstrating the substrate-independent coating capability of turmeric. 

Throughout the experiments, we found that amines are involved in the turmeric coating and the main  

molecule for the coating is curcumin. 
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Molecular layer deposition (MLD) is sequential, self-limiting surface reaction to form conformal and ultra-

thin polymer film. This technique typically uses bifunctional precursors for stepwise sequential surface 

reaction and entirely organic polymer films. In addition, in comparison with solution-based technique, 

because MLD is vapor-phase deposition based on ALD, it allows epitaxial growth of molecular layer on 

substrate and is especially good for surface reaction or coating of nanostructure such as nanopore, 

nanochannel, silica beads, nanowire array and so on.In this study, organic-inorganic zincone polymeric 

films were fabricated through coupling reactions between diethylzinc (DEZ) and 2-butyne-1,4-diol (BYDO) 

as the inorganic and organic precursors, respectively. Molecular layer deposition based on sequential and 

self-limiting surface reactions was used to fabricate the films. Molecular geometries and surface binding 

energies were predicted by performing density functional theory (DFT) calculations. Depending on the 

surface energy of the substrates, SiO2(100) and Al2O3(1120), the difference in work functions of zincone 

MLD films was observed by scanning Kelvin probe microscopy (SKPM) measurements. 
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Since the development of noble metal nanochemistry, many biomedical researches against numerous 

incurable diseases have been accomplished in decades. Among them, cancer has been regarded as a subject 

of great interest and urgent topicdue to its fatality and widespread. Various treatment strategies including 

chemo-, gene-, photodynamic-, and photothermo-therapy were developed to overcome this notorious 

disease. Up to now, gold (Au) nanoparticles have been considered as the best candidate for this purpose 

because of their excellent biocompatibility, inertness, robustness, plasmonic properties, and surface 

conjugation feasibility. We were wondering whether Au is the best efficiency of all the noble metal 

elements present in cancer therapeutic application. Based on our reducing agent-assisted excessive galvanic 

replacement method, we successfully prepared porous Au, Pt, and Pd nanoplates to resolve our questions 

through comparative experiments. As a result, we figured out that palladium (Pd) exhibited in the best 

efficiency in biocompatibility, cargo payload capacity, and photothermal therapy with advantage in price. 

We believe that present report will endow the opportunities and possibilities to further cancer therapy 

application from the viewpoint of elements that have been underestimated. 
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Photo-sensitive polymer film has been attracted in the field of material science including biological system 

and optical devices which are sensitive on the change of surface topology. Recently, azo compound (R-

N=N-R’), as one of the photo-induced reversible transformation unit, has been highlighted in the research 

related photo-sensitive polymer film including surface science, artificial muscle, biological and optical 

application, because light used as external triggers for inducing surface transformation is manageable to 

control without modification of nano-structures and environment concerns.In this study, we fabricated 

photo-reversible polyamide film based on coupling reactions between azobenzene-4, 4’-dicarbonyl 

dichloride (Azo) and hexamethylenediamine (HDA) by molecular layer deposition through self-limit ing  

surface reaction. And, we investigated the photo-induced reversible transformation of azobenzene-

containing polyamide thin film. In situ Fourier Transform Infrared (FTIR) measurement was used to 

monitor the growth of polyamide film, and the light-induced transformation was characterized by UV-vis  

spectroscopy. In addition, to measure the orientation of chemical bondings in azobenzene-containing 

polyamide film, plan-polarized grazing angle FTIR spectroscopy was used. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-386 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Molecular Interaction Correlating Growth Behaviors in Sequentially 

Polymerized Polyurea Films 
 

Hyemi Lee, JIN SEOK LEE* 

 
Department of Chemistry, Sookmyung Women's University, Korea 

  

Molecular layer deposition (MLD) is a method for obtaining conformal ultrathin organic films using vapor-

phase organic precursors, while their composition and thickness can be controlled at the molecular level. 

This process is based on self-saturating reactions between the organic precursors and the substrate surface. 

In addition, in comparison with solution-based technique, it allows epitaxial growth of molecular layer on 

substrate and is especially good for surface reaction or coating of nanostructures such as nano-pore, nano-

channel, nano-wire array and so on.In this study, we fabricated three different kinds of polyurea films by 

molecular layer deposition by fixing first source as p-Phenylenediisocyanate(PDI) and changing second 

source as Hexamethylenediamine(HDA), Ethylenediamine(EDA) or p-Phenylenediamine(PDA). Using 

Ellipsometry, we confirmed the different growth rate of the films versus number of MLD cycles at all same 

temperature. We also measured the molecular orientations of each polyurea films by Grazing Incidence 

Wide Angle X-ray Scattering (GIWAXS). Furthermore, all molecular geometries on surfaces with various 

polyurea films were predicted by performing density functional theory (DFT) calculations. 
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Compounds of ZnO is very attractive compound semiconductors due to their wide band gap (~3.3eV) 

characteristics and large exciton binding energy (60meV). However, ZnO preparing by low temperature 

atomic layer deposition (ALD) has low conductivity. Here, we report the highly transparent, and highly 

conductive air-stable thin film of ZnO using ALD at low temperature under in situ UV irradiation of the 

growing film. X-ray photoelectron spectroscopy (XPS) was used to reveal that the UV irradiation generates 

oxygen vacancies, partially removes O–H bonds, and thereby improves the electrical conductivity. Thus, 

the in situ UV irradiated ZnO film shows an electrical resistivity of 5.5 × 10-4 Ω cm, compairing to 0.25 Ω 

cm resistivity of the pristine ZnO film, and an optical transparency of nearly 90%. In addition, even on 

prolonged exposure of the film to air, it maintains high stability and conductivity against the degradation 

of the electrical conductivity. 
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We fabricate zinc oxide thin-film transistors (TFTs) using 4-mercaptophenol (4MP) doped atomic layer 

deposition (ALD) grown ZnO that results in highly stable and high performance. The 4MP concentration 

in ZnO films were varied from 1.7% to 5.6% by controlling Zn:4MP pulses. The n-type carrier 

concentrations in ZnO thin films were controlled from 1.017×1020/cm3 to 2.903×1014/cm3 with appropriate 

amount of 4MP doping. The 4.8% 4MP doped ZnO TFT revealed good device mobility performance of 8.4 

cm2/Vs and the on/off current ratio of 106. Such 4MP doped ZnO TFTs exhibited relatively good stability 

(ΔVTH : 0.4 V) under positive bias-temperature stress while the TFTs with only ZnO showed a 4.3 ΔVTH 

shift, respectively. 
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Recently, as interest in environmentally friendly renewable energy has increased, a lot of researches have 

been focused on energy storage systems. Especially, titanium oxide (TiO2) has been actively studied as 

anode of sodium secondary batteries due to their suitable capacity, reversible cyclability, and 

electrochemical stability. However, the TiO2 has relatively low electron conductivity. In this study, to 

overcome low electron conductivity, the nanohybrid between TiO2 and graphene was synthesized to have 

spherical hollow structure. According to the electron microscopic studies, the nanohybrid was formed to 

maintain spherical hollow structure. Energy dispersive X-ray analysis showed that the TiO2 and carbon was 

homogeneously distributed in the nanohybrids. Electrochemical charge/discharge tests clearly showed that 

the nanohybrids had much larger sodium-ion storage capacity than the bare TiO2. The nanohybrids with 

enhanced cyclability could be used as anode materials of sodium secondary batteries. 
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There is a considerable demand to reduce the content of sulfur and nitrogen containing organic compounds 

in fuels like diesel and gasoline to a very low level to prevent air pollution and deactivation of catalysts. 

Metal-organic frameworks (MOFs) modified with the introduction of acidic ionic liquids (ILs) have been 

employed to the adsorptive removal of benzothiophene (BT) from n-octane. ILs were synthesized inside a 

porous MIL-101(Cr) via a ship-in-bottle (SIB) technique. The maximum adsorption capacities (Q0) for the 

virgin MIL-101(Cr) and for IL@MIL-101(Cr) were 49 and 68 mg/g, respectively, corresponding to a 37% 

increase in Q0. The Q0 value, based on the surface area (mg/m2) of the adsorbents, increased by 94% for 

ILs@MIL-101(Cr) (prepared via the SIB route), thus demonstrating the high affinity of ILs for BT. The 

improved adsorptive performance for BT might be derived from a specific interaction between the acidic 

ILs and the BT molecules. More importantly, unlike previously reported IL-incorporated MIL-101(Cr )s , 

IL@MIL-101(Cr) prepared by the SIB approach was very stable for adsorption of BT over several 

cycles.ReferenceN.A. Khan, Z. Hasan and S.H. Jhung, Chem. Commun., 2016, 52, 2561-2564. 
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Two highly porous cobalt–azolate frameworks (MAF-5(Co) and MAF-6(Co)) were synthesized in pure-

phase at room temperature. The MAF-5(Co) and MAF-6(Co) are isostructural with the previously reported 

MAF-5(Zn) and MFA-6(Zn). The precursors for the MAFs were mixed together in two different ways, e. 

g. slow and fast mixing method. Fast mixing method was observed as the most efficient method for 

synthesizing MAF(Co) materials in pure-phase with high yield. The obtained materials were characterized  

by measuring XRD patterns, N2-isotherms, SEM-images, water and n-octane adsorption capacity. The 

synthesized MAFs(Co) were highly porous and hydrophobic, similar to the analogous MAFs those 

composed of Zn. To find the applicability of newly developed materials, MAF-5(Co) and MAF-6(Co) were 

applied to adsorb n-octane as a model oil from water and the obtained results were compared to those of 

related materials, i.e., MAF-4(Co and Zn), MAF-5(Zn), and MAF-6(Zn), as well as with Cu-BTC (Cu-

benzenetricarboxylate) together with a conventional adsorbent, activated carbon. Surprisingly, MAF-5(Co) 

showed remarkable competitiveness among the typical porous materials for n-octane removal, even with  

low porosity. However, better performance of MAF-6(Co) was observed for the adsorption of n-dodecane. 

It can be suggested from the obtained results that the framework structure including cavity and aperture 

sizes rather than surface area plays a vital role in the removal of hydrocarbon (n-octane or n-dodecane) 

from water. Moreover, MAF-5(Co) can be recycled easily by simple evaporation of the adsorbed n-octane 

and thereby suggested as a potential adsorbent for the removal of spilled oil from water. Additionally, the 

developed MAFs were also competitive for the adsorptive removal of diclofenac sodium from water, further 

suggesting as an impressive adsorbents in water purification probably on account of their hydrophobicity. 
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Co-based metal azolate framework, MAF-5(Co) has been utilized to understand the applicability of MAF 

in the water purification for the removal of toxic water pollutant, benzotriazole (BTA) and benzimidazo le 

(BZI) from water. The adsorption capacity of the MAF-5(Co) for BTA and BZI was highest than that of 

other typical adsorbents including commercial activated carbon and metal–organic frameworks (MOFs). 

The highest adsorption of MAF-5(Co) was explained by hydrophobic effect and π-π interactions between 

the BTA and MAF-5(Co). Electrostatic interactions between the MAF-5(Co) and BTA species might also 

affect the adsorption of BTA over MAF-5(Co) considering the zeta potential of MAF-5(Co) and effects of 

solution pH on the BTA adsorption. Moreover, MAF-5(Co) can be regenerated by simple ethanol treatment 

and is reusable several times for the removal of BTA. Therefore, MAF-5(Co) can be recommended as a 

potential adsorbent for BTA and BZI removal from water considering facile synthesis, highest adsorption 

capacity and excellent reusability.References: 1) M. Sarker, B. N. Bhadra, P. W. Seo, S.H. Jhung, J. Hazard . 

Mater. 324 (2017) 131-138.2) B. N. Bhadra, P. W. Seo, N.A. Khan, S.H. Jhung, Inorg. Chem. 55 (2016) 

11362–11371. 
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MnO2/graphene Nanohybrids as Anode Materials in Secondary 

Batteries 
 

Min-jae Kim, Seung-Min Paek* 

 
Department of Chemistry, Kyungpook National University, Korea 

  

As eco-friendly energy issue has become important, electrode materials in secondary batteries has highly 

attracted recent research interests. Especially, intensive studies on manganese oxides have been done due 

to their relatively low conversion potential, small voltage hysteresis, high abundance and large theoretical 

capacity. However, manganese oxide has poor electronic conductivity and large volume variation during 

the discharge and charge processes. In this study, we tried to develop hollow nanostructure, which was 

made by self-assembly of manganese oxide and graphene oxide to improve their electrochemical properties. 

According the electron microscopy (SEM, TEM) images, the nanohybrids were found to have a spherical 

hollow structure. In the energy dispersive spectroscopy mapping, it was observed that the carbon and 

manganese oxide were homogeneously distributed in nanohybrids. In the electrochemical impedance 

spectroscopy, the nanohybrids had much higher electron conductivity than that of the pristine bulk 

manganese oxide. The obtained nanohybrids could be used as anode materials in secondary batteries. 
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An economic fabrication of the hydrophobic coating on cotton fabrics 

for highly efficient oil/water separation 
 

Hyokyung Jeon, Ha-Jin Lee* 

 
Western Seoul Center, Korea Basic Science Institute, Korea 

  

In this work, a facile and economic strategy for the fabrication of hydrophobic fabric for the efficient oil-

water separation was demonstrated. The hydrophobic fabric was prepared by an one-step hydrothermal 

method in the mixture of carbon soots and octadecyltrimethoxysilane (OTMS) in the presence of cotton 

fabric sheet. The surface morphology and chemical of the hydrophobic fabric were characterized by field -

emission scanning electron microscopy, X-ray photoelectron spectroscopy and fourier-transform infrared 

spectroscopy. The water contact angle of the hydrophobic fabric is 136.6 ± 2.0° and exhibits an excellen t  

self-cleaning performance. The hydrophobic filter shows high separation efficiencies (> 99%) for various 

oils with different viscosity and density such as hexane, toluene, octane, dichloroethane, chloroform and 

canola oil. During the 30 cycles of recycling, the water contact angle was maintained at 136.6° and the 

separation efficiency was more than 98 %. In addition, it showed an excellent performance in harsh 

environments such as highly acidic, alkaline, salty and hot solutions to deal with oil spills. 
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All Sequential Dip-Coating Processed Perovskite Layers from an 

Aqueous Lead Precursor for High Efficiency Perovskite Solar Cells 
 

Muhammad Adnan, Jae Kwan Lee* 

 
Chemistry Education/Chemistry, Chosun University, Korea 

  

A novel, sequential method of dip-coating a ZnO covered mesoporous TiO2 electrode was performed using 

a non-halide lead precursor in an aqueous system to form a nanoscale perovskite film. The introduction of 

a ZnO interfacial layer induced significant adsorption in the non-halide lead precursor system. An efficient  

successive solid-state ion exchange and reaction process improved the morphology, crystallinity, and 

stability of perovskite solar cells. Improved surface coverage was achieved using successive ionic layer 

adsorption and reaction processes. When all sequential dipping conditions were controlled, a notable power 

conversion efficiency under standard conditions was achieved for the perovskite solar cells fabricated from 

an aqueous non-halide lead precursor solution without spin-casting, which is an environmentally benign 

and low-cost manufacturing processes. 
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Mussel inspired conformal nano-coating on bulk and nanomaterials by 

separation system of catechol and lysine 
 

Hyunhong Kim, Jongnam Park1,* 

 
Department of Chemical Engineering, Ulsan National Institute of Science and Technology, Korea 

1School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology, Korea 

  

Self-assembled monolayers (SAMs) on mineral has been attracted in the area of electronic device, 

molecular recognition, control of physicochemical properties, and application of nanocrystals for design of 

advanced materials. While there are lots of application of SAMs, the development of conformal and stable 

monolayers on mineral has received little attention. Here, we derived inspiration from mussel foot protein-

3,5,6 and developed separated catechol & amine coating system to maximize adhesive properties by 

suppressing cohesive. Uniform and stable monolayer coating to nanoparticles as well as bulk materials have 

been fabricated successfully and the nano-coating layer have been analyzed extensively and simulated by 

DFT to elucidate mechanism of formation of nano-coating. As a result, we discovered that in-situ generated 

newly designed catechol-amine adduct play a key role in the outstanding nano-coating performance. 

Additionally, excellent performance of in-vivo angiographic achieved by nanocoating applied-magnetic 

nanoparticles shows general applicant prospects for the nano-coating. 
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Si@C yolk-shell structures with Improved Initial Coulombic Efficiency 

for Lithium-ion Batteries 
 

Min seok Kang, Won Cheol Yoo* 

 
Department of Applied Chemistry, Hanyang University, Korea 

  

As current electronic devices need more capacity and long-lived energy storage, new materials that possess 

more energy storage are of highly desirable. Silicon presents capacity of 3580 mAh/g as anode material for 

lithium-ion batteries (LIBs), of which capacity is much higher than the capacity (372 mAh/g) of current 

graphite anode; thus it has been believed as a next-generation anode material for LIBs. Silicon anode suffers 

from several technical issues, however, which are of severe volume change up to 400 % during cycling and 

low electric conductivity. In addition, at the first cycle, silicon reacts excessively with the electrolyte to 

generate solid-electrolyte interface layer (SEI layer) due to volume expansion, which reduce the coulombic 

efficiency (CE), eventually resulting in lower the capacity of the battery. Herein, we present the relationship 

between size of Si nanocrystal and the 1st CE using Si@C yolk-shell structure. The Si@C yolk-shell 

structure is prepared from SiO2@C composite via magnesiothermic reduction. To confirm the relationship 

between crystal size and initial CE, we control the crystal size of Si through additional aging process at 

high temperature. As a result, it was confirmed that the initial CE of Si@C was improved as the crystal size 

of Si increased. 
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Chemical Decontamination of Chemical Warfare Agent VX using Acid-

Activated Clay 
 

Sun Dal Kim*, Ji Eun Jeong, Yong Han Lee 

 
Agency for Defense Development, Korea 

  

VX, one of representative nerve agents, is an extremely toxic organic synthetic compound with LD50 (the 

median lethal dose) of 10 mg/70 kg man and LCt50 (the lethal concentration time) of 15–50 mg•min /m3. 

Also, VX remains in the normal environments for 3 to 8 days due to its low volatility. Therefore, if VX is 

dispersed, rapid and reliable decontamination is needed. Although many different types of decontaminants 

have been developed for the decontamination of VX so far, there is still room for improvement in terms of 

decontamination efficiency and objectivity. Acid-activated clay, composed of montmorillonite mineral 

with hydrated aluminum silicate hydroxide, is well known as a bleaching agent, adsorbent, and catalyst in 

industry due to its surface acidity and wide specific surface area. These properties have led us to consider 

acid-activated clay as a new decontaminating agent because hydroxyl groups on the surface of aluminum 

silicates are capable of nucleophilic substitution reaction with VX. In this study, chemical reactivity 

between the acid-activated clay and VX was investigated, and the details of the chemical decontamination 

efficiency of VX will be presented. 
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Comparison of Absorption and Adsorption Capabilities of CWAs on 

Different Sorbents 
 

Ji Eun Jeong, Sun Dal Kim*, Yong Han Lee  

 
Agency for Defense Development, Korea 

  

Chemical warfare agents (CWAs) are chemical substances whose toxic properties are used to kill, injure or 

incapacitate human beings. In particular, persistent chemical agents such as VX, HD, and GD remain on 

skin, clothes, and other surfaces for a long time. Therefore, decontamination to eliminate the toxic CWAs 

is an important process and is required in various places such as laboratories, pilot plants, as well as on the 

battlefield. Decontamination in the battlefield requires more rapid removal of CWAs and easy application 

of decontaminants. In order to meet these battlefield conditions, it may be desirable to decontaminate the 

CWAs by means of physical absorption and adsorption using solid sorbents. In this study, the absorption 

and adsorption capabilities of CWAs were compared according to the type of sorbents used. The samples 

were prepared using liquid-phase extraction and solid-phase micro-extraction techniques which is useful 

for capturing and analyzing organic compounds in the gas phase in the sample headspace. Their efficiencies  

were analyzed by gas-chromatographic method. Details of the physical decontamination differences of 

CWAs according to the sorbent type will be presented. 
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Strain sensor with PTCDI-C8 single crystal nanowires by direct 

printing 
 

YOONKYOUNG PARK, Myong Mo Sung* 

 
Department of Chemistry, Hanyang University, Korea 

  

Charge transport properties of organic semiconductors critically depend on their molecular packing 

structures. Controlling the charge transport by varying the molecular packing and understanding their 

structure−property correlations are essential for developing high-performance organic electronic devices. 

Here, we demonstrate that the charge carrier mobility in organic single-crystal nanowires can be modulated 

with respect to the intermolecular center-to-center distance by applying uniaxial strain to the cofacially  

stacked crystals. Furthermore, the measured values of charge carrier mobility were in good agreement with  

theoretical calculations based on charge localized hopping theory. These results provide a definitive 

relationship between intermolecular packing arrangement and charge transports, which enables a huge 

improvement in charge carrier mobility for organic single-crystal materials. 
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Synthesis and characterization of Cu-64 isotope labeled 

nanocomposites for cancer diagnosis 
 

suengil Park, Kook-hyun Yu* 

 
Department of Chemistry, Dongguk University, Korea 

  

Magnetic nanoparticles are widely used as contrast agents for cancer diagnostic MRI. Cu-64 is also a typical 

radioisotope that can be used for both cancer treatment and diagnosis. In this study, Fe3O4 magnetic 

nanoparticles were synthesized by coprecipitation method and surface modified by incorporating NOTA 

chelate. And Cu-64, was labeled to nanocomposites.  The synthesized magnetic nanoparticles were 

analyzed for XRD, IR, and TEM, and the nanoparticle synthesis and surface modification of the core were 

confirmed. 
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Au particle-on-nanowire SERS sensor for detection of Telomerase 

activity from Cancer Cell 
 

Hongki Kim, Bongsoo Kim1,* 

 
Hazards Monitoring Bionano Research Center, Korea Research Institute of Bioscience & Biotechnology, 

Korea 
1Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Telomerase is a ribonucleoprotein reverse transcriptase that synthesize the addition of the telomeric repeats 

(TTA GGG)n at end of chromosal DNA and maintains the telomere length. Various researches showed that 

telomerase is over-expressed in 85% of human tumors, such as as breast, colon, lung, prostate, ovary, 

stomach, and skin, rendering tumor cell lines unlimited proliferative ability. Thus telomerase is currently 

considered as a highly attractive biomarker in cancer diagnosis and a potential target for cancer 

therapy.  We report a highly reproducible Au particle-on-nanowire (NW) SERS sensor for ultrasensitive 

and specific detection of human telomerase activity. The nanogap-rich Au NW SERS sensors was 

fabricated by a simple deposition of NPs on Au NWs. We maximized the SERS enhancement of Au 

particle-on-nanowire sensor through the optimization of deposition time and confirmed the superb 

reproducibility through the measurement of 60 different Au NW sensors. From the observation of SERS 

signals, we could detect telomerase activity of several human cancer cell lines with a detection limit of 0.2 

cells/mL whereas negligible telomerase activty of normal cell lines. We anticipate that the present Au 

particle-on-nanowire SERS sensor can be useful for early diagnosis and treatment of human cancers and 

further biomarker sensing. 
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Large-area fabrication and application of single crystalline perovskite 

arrays 
 

Lynn Lee, Myong Mo Sung* 
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Hybrid perovskites, especially CH3NH3PbX3 (X=Cl, Br, I) have received great attention due to their 

excellent photoelectrical properties as well as their low-cost device fabrication process. Their superior light-

harvesting properties lead to the exceptional optoelectrical performances of these materials in various 

applications such as solar cells, LEDs, and photodetectors. Typically, the quality of the crystal is a well-

known factor to decide the efficiency of those optoelectronic applications with long carrier diffusion length 

and high mobility. However, since a thin film of a single crystal cannot be obtained by a typical film 

fabrication method, films made by most of the manufacturing methods suffers from low crystallinity issue. 

For these reasons, fabrication of single crystalline perovskite thin film is required for high-efficiency device 

applications.In this study, we fabricate the large-area perovskite single crystal arrays in thin film form and 

characterize the crystallinity of the perovskite thin film by X-ray diffraction (XRD) and selected area 

electron diffraction (SAED). Also, the morphology of perovskite crystals was observed using optical 

microscopy (OM) and scanning electron microscopy (SEM). Furthermore, the perovskite patterned thin 

films are applied in lateral solar cell applications. The average efficiency of the perovskite lateral solar cell 

in low light intensity is over 4%, which are the world-top efficiency in lateral perovskite solar cell field as 

far. From this work, the probability of the perovskite single crystal array is successfully demonstrated. 
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Highly efficient radial-junction microwire solar cells by acid based 

doping process 
 

Wonjoo Jin, KWANYONG SEO1,*, Inchan Hwang 

 
Department of Energy Engineering, Ulsan National Institute of Science and Technology, Korea 
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We propose a novel doping method to fabricate highly efficient radial-junction microwire solar cells using 

acid solutions (boric and phosphoric acids). Compared to the conventionally used toxic gas (POCl3 and 

BBr3) or polymer based (spin-on-dopant) doping sources, acid doping processes intrinsically have 

outstanding advantages such as high purity, non-toxic, and low cost process. High quality junctions for both 

emitter and back-surface-field (BSF) were successfully formed in the microwire solar cells using the acid 

doping processes. The measured minority carrier life time of microwire solar cells after the acid doping 

processes showed approximately three times higher value (66 us) compared to that after polymer based 

spin-on-doping process (23 us). Consequently, our best device with areas of 1 cm2 exhibited power 

conversion efficiencies (Eff) of up to 20% under AM 1.5G illumination. In particularly, the acid doping 

based solar cells showed notable increase (40 mV) in the open-circuit voltage (Voc) of 630 mV compared 

to that of spin-on-doping based solar cells (590 mV) due to the high purity of acid doping sources. This 

corresponds to an approximately 11.6 % increase in the Eff compared to that of spin-on-doping based solar 

cell (Eff = 18 %). Hence, we believe that the proposed acid doping processes would become a foundational 

technology for the development of highly efficient and cost-effective radial-junction solar cells. 
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Synthesis and Structure of the New Mixed-metallic Selenides, Nb(4-

x)TixSe17 
 

Woojin Yoon, Hoseop Yun1,* 
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1Department of Chemistry, Ajou University, Korea 

  

The new ternary selenides, Nb(4-x)TixSe17 have been synthesized through alkali metal halide flux methods 

and structurally characterized by single crystal X-ray diffraction techniques. The title compounds adopt 

slightly different quasi-1D and 2D structures caused by the Se---Se interactions. The quasi-1D compound 

crystallize in the monoclinic system in a cell of dimensions: a=11.8374(5)Å, b=11.9713(8)Å, c=7.7271(3)Å , 

β=100.371(1)º, V=1077.11(9)Å3 and the 2D structure has the unit cell parameters: a=11.833(15)Å , 

b=11.941(18)Å, c=15.358(16)Å, β=100.48(5)º, V=2134(5)Å3. The latter can be regarded as the super cell 

of the former. In both phases, one of the metal sites is occupied by statistically disordered Nb and Ti atoms, 

whereas the other site is fully occupied by Nb atoms. Both sites are surrounded by eight Se atoms in a 

slightly distorted bicapped trigonal prismatic (btp) arrangement. These btps share two diselenides (Se22-) to 

form a one-dimensional chain, 1∞[MSe4]. In the quasi-1D compound, Se atoms are linked through a weak 

interchain Se-Se interaction (2.6770(1)Å). On the other hand, a rather regular Se-Se bond (2.382(2)Å) and 

a very weak Se-Se interactions (2.983(3)Å) are alternately found between the chains in the 2D compound, 

and thus a two-dimensional layer is formed. The Nb/Ti ratios responsible for the intermediate Se---Se 

distances will be discussed along with the intermediate Se---Se interactions. 
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Pseudomorphic Transformation of SBA-15 for Heterogeneous 

Catalysis of Olefin Oxidation with Immobilized Mn(III)-Porphyrin 
 

Dae-yong Shin, Suk Joong Lee* 

 
Department of Chemistry, Korea University, Korea 

  

Among the various applications of meso-porous silica materials (MPSMs) such as MCM-41 and SBA-15, 

heterogeneous catalysts based on silica support have been attracted much attention. When Mn(III)-

porphyrin is used as a homogenous catalyst, it usually exhibits good reactivity and selectivity but shows 

fast degradation due to μ-oxo dimer formation and ligand oxidation. Therefore, many kinds of 

heterogeneous catalytic strategies were developed including the immobilization. In particular, silica-based 

materials have become one of most widely used supporters for the immobilization of active catalyst. Among 

them, MPSMs attract much attentions because they usually provide well-defined and highly ordered one-

dimensional pores. On the other hand, MCM-48 provides 3-D interconnected uni-sized networks and 

showed outstanding properties. However, MPSMs containing 3-D interconnected networks with multiple 

diameters of pores are yet reported. Here, we like to report new kind of MPSM, pSBA-15, which contains 

3-D interconnected networked pores with multiple diameters. This material contains main pores with 10 

nm of diameter and secondary pores with 3 nm of diameter. Furthermore, we have employed the surface 

modification with Mn(III)-porphyrin. So we have envisaged that the primary large pores the would be 

mostly decorated with active catalysts and the secondary small pores would facilitate the transport of 

reactants and products because of their sizes. Therefore, SBA-15 and pSBA-15 were compared in parallel 

to verify their reactivity differences in olefin oxidations. 
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Development of Spray Coating of Brown Algae-Derived 

Polysaccharide for Antibacterial Applications 
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Bacteria can adhere to various surfaces and rapidly proliferate, forming biofilm. Biofilm can serve as a 

reservoir of spreading the bacterial cells and can be crucial problems for public health. To prevent bacterial 

contamination on surfaces, antibacterial materials and their coating methods have been studied. Herein, we 

synthesized an antibacterial material by introducing catechol group into brown algae (Fucus vesiculosus)-

derived fucoidan via amide coupling. Spray coating method, which can be applied to large surface area, 

was devised through the crosslinking between ferric ion and catechol-conjugated fucoidan. The fucoidan 

was applied to stainless steel and titanium dioxide and the fucoidan-coated substrates were characterized 

by using ellipsometer, contact angle goniometer, and X-ray photoelectron spectroscopy. We demonstrated 

that the fucoidan-coated substrates have antibacterial property, compared to bare substrates, using E. Coli. 

We also applied the spray coating of fucoidan to straps of train and confirmed the antibacterial effect of the 

spray coating. We think this approach would be utilized antibacterial coatings for equipment in public 

transportation to prevent infectious harmful substances from spreading. 
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Highly efficient organic-inorganic hybrid solar cell using atomic layer 

infiltration 
 

YEONGEUN BAK, Myong Mo Sung1,* 
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The sun is alternative energy source to solve the growing global need for energy. The advantage of solar 

energy is sustainable, reliable and long-term supply of energy, in contrast to conventional resources such 

as fossil fuels. Above all, Si solar cell is the most widely used as energy source due to its high efficiency. 

But it has a disadvantage; expensive manufacturing cost and limitation of application to flexible or 

transparent devices. So other types of solar cells are also being researched, Sb2S3 solar cell is promising 

candidate for next generation solar cells overcoming the above disadvantage of Si solar cell. The biggest 

problem of commercialization of Sb2S3 solar cell is lower efficiency than Si solar cells. To solve this 

problem, previous studies about interfacial engineering have been proceeding using various organic, 

inorganic materials.In this study, we applied new organic-inorganic hybrid material nickel-4-

mercaptophenol (Ni-4MP), as an interfacial engineering material into Sb2S3-hole transport material (HTM) 

interface. Ni-4MP thin film is deposited using ALD(atomic layer deposition) method. For infiltrate 

precursors into FTO/mp-TiO2/Sb2S3 structure, exposing procedure is added. The reference cell structure 

is FTO/mp-TiO2/Sb2S3/P3HT/Au. We measured the photo conversion efficiency using solar simulator 

with source-meter for comparing two samples. And then we observed impedance measurement with  

variation of voltage for confirming the effect of Ni-4MP on Sb2S3 solar cell. As a result, electron lifetime 

calculated from this measurement proof the longer lifetime of electron after insert Ni-4MP as interfacial 

engineering material. 
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Pd2+/Pd0-Loaded Reduced Graphene Oxide Complex for Highly 

Efficient Visible-Light Induced Photocatalytic Suzuki-Miyaura C-C 
Coupling Reaction 

 

Hyeon Ho Shin, Taejun Han, DONGKWON LIM* 

 
KU-KIST Graduate School, Korea University, Korea 

  

Developing visible-light induced photocatalyst is promising strategy to overcome the low catalytic activity 

of heterogeneous active catalyst for a reaction. To obtain the light energy from the sun, we need to use the 

suitable material that can absorb visible-light as a co-catalyst to increase the overall performance of active 

catalyst.In this work, we investigated that Pd2+ or Pd0-loaded graphene oxide (GO) or reduced graphene 

oxide (r-GO) complex as a water soluble visible-light responding photocatalyst for Suzuki-Miyaura C-C 

coupling reaction. We found two interesting results. The use of r-GO nanosheet (ca. 200 nm) is more 

desirable substrate than GO for C-C coupling reactions since it showed higher catalytic activity than that 

of GO in a visible-light induced reaction and thermal reaction as well. Among Pd2+ or Pd0 NPs as an active 

catalyst, Pd2+-loaded GO or r-GO shows higher catalytic activity compare with that of Pd0 nanoparticle 

loaded GO or r-GO because of an efficient oxidative addition reaction of Pd2+ compare to Pd0. The systemic 

studies in the dark or light-induced reaction conditions indicate the synergic contributions of photoexcited 

electron transfer process and strong photothermal effect of r-GO. Among other 2D-nanomaterials (i.e., 

MoS2, WS2) that can harvest visible-light, Pd2+/Pd0-loaded r-GO showed 4 times higher photocatalytic 

performance compared with Pd0-MoS2 or Pd0-WS2 catalyst for Suzuki-Miyaura C-C coupling reaction. 
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Nanocrystalline Titanium Metal-Organic Frameworks for Highly 

Efficient and Flexible Perovskite Solar Cells 
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Flexible perovskite solar cells (PSCs) have attracted considerable attention due to their excellen t  

performance, low-cost, and great potential as an energy supplier for soft electronic devices. In particular, 

the design of charge transporting layers (CTLs) is crucial to the development of highly efficient and flexib le 

PSCs. Herein, nanocrystalline Ti-based metal-organic framework (nTi-MOF) particles are synthesized to 

have ca. 6 nm in diameter. These are then well-dispersed in alcohol solvents in order to generate electron 

transporting layers (ETLs) in PSCs under ambient temperatures using a spin coating process. The electronic 

structure of nTi-MOF ETL is found to be suitable for charge injection and transfer from the perovskite to 

the electrodes. The combination of a [6,6]-phenyl-C61-butyric acid (PCBM) into the nTi-MOF ETL 

provides for efficient electron transfer, and also suppresses direct contact between the perovskite and the 

electrode. This results in impressive power conversion efficiencies (PCEs) of 18.94% and 17.43% for rigid  

and flexible devices, respectively. Moreover, outstanding mechanical stability is retained after 700 bending 

cycles at a bending radius (r) of 10 mm. 
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Structural Control of Ammonium Iodide Salts for Upper Critical 

Solution Temperature (UCST)-type Draw Solutes in Forward Osmosis 
 

Heeyoung Joo, Yan Lee* 

 
Division of Chemistry, Seoul National University, Korea 

  

Need for fresh water is ever increasing due to water pollution and desertification. Purification of seawater 

or wastewater becomes an essential method to obtain freshwater. Among various water treatment methods, 

forward osmosis (FO) is actively investigated due to its many advantages. In an FO system, a concentrated 

draw solution draws water from a feed solution by the osmotic pressure gradient. After the drawing, the 

solute in the draw solution was separated to give freshwater. Efficient draw solutes should have high 

osmotic pressure as well as easy separability. We thought that temperature-responsive smart materials, 

which can be easily separated after FO by controlling the temperature, are excellent candidates for draw 

solutes.It has been demonstrated that halide salts of branched polyethylenimine (b-PEI) show upper critical 

solution temperature (UCST) phase transition in aqueous solution. Inspired by the structures of UCST-type 

b-PEI halide salts, we prepared ammonium iodide salts with a similar structural moiety but with lower 

molar weight. These ammonium iodide salts had high osmotic pressure due to greatly reduced molecular 

weights. Lengths of carbon chains, ionic interactions, and symmetry of the salt structures were controlled 

to investigate their solubility, temperature and concentration range of phase transition, osmolality change, 

and stability. Among various ammonium iodide salts synthesized, HM8I and HM10I were chosen as 

potential draw solutes due to the appropriate range of transition temperature and solubility.Through the FO 

experiments, HM8I and HM10I have shown high water fluxes and negligible reverse solute fluxes  

compared to the conventional draw solutes. The structure of temperature-responsive ammonium iodide 

salts will provide a potential platform of practical draw solutes for future efficient and eco-friendly water 

treatment. 
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aligned tapered microwires 
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Much attention has been paid to thin crystalline silicon (c-Si) photovoltaic devices due to their excellent 

flexibility characteristics, stable efficiency, and possibility of use as highly efficient next-generation 

flexible photovoltaic devices (FPVs). To fabricate thin c-Si FPVs, it is important to improve their light-

absorption properties while maintaining the flexible characteristics. In this study, vertically aligned 

microwires (MWs) on a 50-µm-thick thin c-Si substrate are designed for novel FPVs. Increasing the length 

of the MWs enhances the optical properties of the thin c-Si without affecting its flexibility. To maximize 

the efficiency of the thin c-Si FPVs with MWs, tapered MWs and a localized back-contact structure are 

devised. This device shows a maximum efficiency of 18.9%. In addition, the proposed thin c-Si FPV with  

MWs shows high stability without any change in efficiency, even with 1,000 bending cycles with a bending 

radius of 12 mm. Thus, we successfully demonstrate battery-free flexible electronic devices integrated with  

our thin c-Si FPVs with MWs. 
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ITO-free carrier selective contact for crystalline Si solar cells 
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Carrier selective contacts (CSCs) have been proposed to replace the conventional p-n junction because 

CSCs yield selective hole and electron collections through the negative- and positive-polarity contacts, 

respectively. For CSCs solar cells, indium tin oxide (ITO) is essential in order to collect the carriers through 

CSCs because of their relatively low conductivity. However, ITO film formed by sputter deposition leads 

to serious performance degradation of the CSCs solar cells due to parasitic absorption of ITO and plasma 

damage during sputtering. In this work, we designed ITO-free transparent metal electrode that can 

effectively collect carriers separated from the interface between molybdenum oxide (MoOx, hole contact) 

and c-Si. Although inversion layer in MoOx/c-Si interface has high sheet resistance, we demonstrated that 

the electrical loss can be minimized in our electrode design. Our micro-scale metal electrode significantly 

minimizes the optical losses compared to the ITO electrode. In addition, the metal electrode formed by the 

thermal evaporation prevents sputtering damage, leading to no electrical degradation at the MoOx/Si 

interface. With this optimized metal electrode, we could obtain the remarkable PCE enhancement of the 

MoOx/c-Si solar cell achieving a PCE of up to 16% higher than that with the ITO electrode. Thus, the use 

of our designed metal contact to construct an ideal front electrode presents a unique opportunity to develop 

highly efficient c-Si solar cells with CSCs. 
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Al2O3 Thin Film Fabrication by UV light assisted Atomic Layer 

Deposition 
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We have performed Al2O3 thin film deposition at room temperature by UV-enhanced atomic layer 

deposition on poly(ethylene terephthalate) (PET) substrates. We have used trimethylaluminum (TMA) for 

metal source and H2O for oxygen source pulsed with UV irradiation. The atomic layer deposition depends 

on alternate pulsing of the precursor gases onto the substrate surface followed by chemisorption of the 

precursors onto surface. In general cases, the surface reactions of the atomic layer deposition are not 

completed at low temperature. In this experiment, the reactions were found to be self-limiting surface 

reaction and to yield uniform and conformal Al2O3 thin films by using UV irradiation at room temperature. 

The UV light was very effecvitve to get the high quality Al2O3thin films without any defect on polymer 

substrate. The thickness, density, morphology and electrical property of the Al2O3 thin films were measured 

by AFM, XRR, ellipsometry, and C-V measurement. 
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Fabrication and Characterization of Organic-Inorganic Hybrid Thin 

Films 
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Nowadays, the next generation electronic devices require new materials that have great properties. One 

way to fabricate new materials is the hybridization of existing materials having different properties. The 

hybrid materials mixed by organic and inorganic components are expected to have combined properties 

both of inorganic parts, such as stability and high electrical or optical performance and organic parts, such 

as flexibility and functionality. Furthermore, the hybrid materials are expected to have synergic effects 

which are not shown in just one component. In this report, we fabricated new types of organic-inorganic 

hybrid thin films by molecular layer deposition. The hybrid thin films were made by sequential surface 

reactions of metal alkyls and bifunctional monomers. Diethyl zinc and 2,4-hexadiyne-1,6-diol are used as 

an inorganic precursor and an organic precursor, respectively, in order to fabricate poly(zinc diacetylene). 

Some methods are used to characterize the microstructure and compositions of the hybrid films such as 

Raman, XPS and TEM analysis. And, the electric and optical properties were analyzed by a TFT fabrication  

and photoluminescence spectroscopy, respectively. The high performance of TFTs, on/off ratio of over 107 

and saturation electron mobility of over 10 cm2/V·s, and the low-temperature process indicate the possible 

use of the hybrid films to flexible devices. 
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Charge-transfer complex thin films with visible-light absorption by 

using molecular layer deposition 
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A titanium-aryloxide (Ti-Ao) thin films showing high visible-light absorption was fabricated by molecular 

layer deposition (MLD). The origin of the visible light absorption was ligand-to-metal charge-transfer that 

is revealed by studying ultraviolet-visible analysis and density functional theory calculations. ZnO/Ti-Ao 

nano-laminate active channel photo-transistors functioned synergistically with Ti-Ao acting as a visible-

light absorber, and ZnO serving as a great semiconductor. 
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Efficient Electrocatalytic Hydrogen Evolution 
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Two-dimensional layered structures have recently drawn worldwide attention because of their intriguing 

catalytic properties. Herein, we report the 1T'-phase ammonium (A)- and methylammonium (MA)-

intercalated MoS2 nanosheets, Synthesized by one-step hydrothermal reaction. The MA-intercalated MoS2 

nanosheets exhibit excellent stability, as well as higher catalytic activity toward the hydrogen evolution 

reaction than the A-intercalated MoS2. First-principles calculations were used to assess the relative 

stabilities of the 2H and 1T' phases, showing a trend of 2H -> 1T' phase conversion with increasing 

concentrations of A or MA. The calculation consistently predicted a higher stability of the MA-intercalated 

complex, due to reduced repulsion between the positively charged MA, which underlies the excellen t  

catalytic performance. 
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as Efficient Hydrogen Evolution Reaction Catalysts 
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The novel properties of two-dimensional materials have motivated extensive studies focused on MoS2, 

which led to many interesting findings in recent years. Further advances in this area would require the 

development of effective methods for synthesizing nanostructured MoS2 with a controlled structure. Herein, 

we report unique MoS2 nanosheets intercalated with dimethyl-p-phenylenediamine (DMPD), synthesized 

by one-step hydrothermal reaction. The MoS2 nanosheets possess a significantly expanded interlayer 

spacing. Remarkably, as the concentration of DMPD increases, the MoS2 nanosheets preferentially adopt 

unique metallic 1T' (distorted 1T) phase. The intercalated MoS2 nanosheets exhibit excellent catalytic 

performance in the hydrogen evolution reaction. First-principles calculations confirm that the formation of 

the 1T' phase becomes more favorable with increasing concentrations of DMPD and sulfur vacancies. A 

significant charge transfer from DMPD to MoS2 stabilizes the 1T' over the 2H phase, resulting in an 

increased carrier concentration, which leads to the enhanced catalytic performance. The present work 

illustrates the control of the electronic structures of MoS2 nanosheets by charge-transfer intercalation of 

electron-donating molecules. 
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Strain engineering of nanowires (NWs) has been recognized as a powerful strategy for tuning the optical 

and electronic properties of nanoscale semiconductors. Therefore, the characterization of the strains with 

nanometer-scale spatial resolution is of great importance for various promising applications. In the present 

work, we synthesized single-crystalline zinc blende phase GaP and GaAs nanowires using the chemical 

vapor transport method and visualized their bending strains (up to 3%) with high precision using the 

nanobeam electron diffraction technique. The strain mapping at all crystallographic axes revealed that (i) 

maximum strain exists along the growth direction ([111]) with the tensile and compressive strains at the 

outer and inner parts, respectively; (ii) the opposite strains appeared along the perpendicular direction ([-

211]); (iii) the tensile strain was larger than the coexisting compressive strain at all axes. Raman spectrum 

collected for individual bent nanowires showed the peak broadening and redshift of the transverse optical 

modes that were well correlated with the strain maps. These results are consistent with the larger mechanical 

modulus of GaP than that of GaAs. Our work provides new insight into the bending strain of III-V 

semiconductors, which is of paramount importance in the performance of flexible or bendable electronics. 
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Hydrogen Production 
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Photocatalysts for hydrogen evolution reactions (HER) are central to key renewable energy technologies 

of water splitting. Despite tremendous effort, the development of low-cost electrode catalysts with high 

activity remains a great challenge. In this study, we report the transition metal dichalcogenide (TMD) 

layered two-dimensional (2D) materials as excellent photocatalysts for water-splitting reactions. We 

fabricated a Si-based photocathode by depositing the TMDs nanocrystals onto an p-type Si nanowire array, 

showing efficient photoelectrochemical (PEC) hydrogen evolution under visible light irradiation. Band 

alignment suggested that the efficiency of the PEC cell is ascribed to the buildup of the space charge region 

in the heterojunction, as well as the band bending of n-Si at the electrolyte interface. 
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Two-dimensional (2D) layered structures have recently drawn worldwide attention because of their 

intriguing optical and electrical properties. In this study, we prepared GeAs and GeP nanosheets as a new 

2D material by a liquid-phase exfoliation method. The few-layered nanosheets had a band gap close to 2.1 

eV, which is significantly higher (by about 1.5 eV) compared to the bulk. The value of 2.1 eV is in excellen t  

agreement with that for the monolayer obtained from first-principles (HSE-06) calculations. The electrical 

properties of individual nanosheets were measured to reveal the 2D carrier transport behaviors. The 

measured electrical properties showed that the GeAs and GeP are p-type semiconductors with a hole 

mobility of about 5 cm2 V-1 s-1. We also observed large photocurrents under visible light irradiation , 

indicating potential application in high-performance optoelectronic nanodevices. 
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Perovskites (CsPbX3, X=Cl, Br, and I) have attracted enormous interest as excellent light absorber material 

in photovoltaics with the power conversion efficiency exceeding 20% owing to their excellent optical and 

optoelectronic properties. However, they exhibit limited stability due to thermal degradation and hydrolysis 

by atmospheric water. In this study, we report the synthesis of Cs4PbX6 perovskite nanowires, where X = 

Cl, Br, and I, using vapor transport method. The perovskite nanowires exhibit a uniform growth direction, 

smooth surfaces, straight end facets, and homogeneous composition distributions. The nanowires were 

prepared using three different compositions of halides, which showed that the band gap was successfully 

tuned over a wide range. We found that the Cs4PbX6 nanowires exhibit the higher stability than the CsPbX3 

nanowires, which can provide advantageous for fabricating the nanowire lasers that exhibit good crystal 

qualities and strong light-matter interactions. 
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Lead halide perovskites APbX3 have attracted enormous interest as excellent light absorber material in 

photovoltaics with the power conversion efficiency exceeding 20% owing to their excellent optical and 

optoelectronic properties. Among the perovskite exhibit remarkable properties, thermal and air stability are 

critical for application. Herein, we report a novel ultrasound-induced synthesis method that can be 

applicable for wide-range composition A4PbX6 perovskite, Cs and X = Cl or Br, I. So called Zero-

dimensional perovskite, A4PbX6 perovskite NCs are new frontier of perovskite-based materials show 

distinctive optical properties. Ultrasonic irradiation accelerates the dissolution of precursors in toluene, 

which determines the growth rate of NCs. It serves as a practical method to achieve monodisperse A4PbX6, 

broadening the library of metal-halide perovskite nanomaterials. 
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Yeron Lee, Gabin Jung, Kwon Ik Seon, InHye Kwak, jeunghee park1,* 

 
Micro Device Engineering / Microdevices, Korea University, Korea 

1Department of Materials Chemistry, Korea University, Korea 

  

Transition metal dichalcogenide (TMD) layered two-dimensional materials have recently become a 

research focus due to their fascinating properties and potentials in various applications. In particular, they 

are believed to be promising alternative catalysts to the expensive Pt for the hydrogen evolution reaction 

(HER). Excellent HER catalytic performance was observed for the metallic 1T or 1T' (distorted 1T) phase 

rather than the more stable semiconducting hexagonal (2H) phase. Herein, various amines (ethylenediamine, 

diethylenetriamine, Triethylenetetramine) are intercalated into 1T’ phase MoS2 nanosheets, synthesized by 

one-step hydrothermal reaction. More nitrogen atoms of amines induce more metallic to enhance the 

catalytic performance of hydrogen evolution reaction with a high stability. Triethylenetetramine 

intercalated MoS2 possess the highest HER activity with 10 mA cm-2 at −170 mV (vs. RHE) and Tafel 

slope of 36 mV dec-1. 
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Nowadays, the increasing level of CO2 concentration from the use of fossil fuels has become the most 

serious environmental concern related to global warming and climate change. The electrochemical CO2  

reduction reaction (CO2RR) is a key reaction for CO2 conversion to valuable fuels and chemicals. In this 

work, we report a low-cost high-efficiency catalyst, zinc oxide (ZnO) nanoparticles, synthesized by sol-gel 

methods using various precursors. They exhibit 80 % Faradic efficiency of CO2 reduction to CO at -1.0 V 

versus RHE. In order to understand the remarkable catalytic efficiency, the electronic structures were 

thoroughly investigated using synchrotron X-ray photoelectron spectroscopy and extended X-ray 

absorption fine structures, in combination with various electrochemical analyses. 
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Surface of an organism is an important factor for maintaining stability by forming a barrier between the 

internal environment and the external environment. Usually this barrier is satisfactory for most external 

environments, but extreme environments such as vacuum space can cause these natural barriers to be 

insufficient and deteriorate. We propose an insect cuticle mimetic protective coating at the biological 

interface to be able to withstand extreme environment. The key components of the insect cuticle mimet ic 

protective coating were pyrogallol, a polyphenol derivative that is abundantly found in plants, and 

polyethylenimine (PEI), an amine rich polymer chain. These two materials mimic chemical formation of 

insect cuticle by oxidation of pyrogallol in presence of air to form quinone groups, which react readily with  

the amines of PEI, forming a PG/PEI film only at the oxygen interface. Usage of this PG/PEI on soft sample 

readies it immediately for vacuum experiments such as SEM due to the swift formation of insect cuticle 

mimetic film on the surface of the sample. 
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MoS2 modified after chemical treatment using organic materials and their electrical properties were 

investigated. Especially, aryl diazonium salts which have 4 different functional groups, including OH, OMe, 

Me, and COOH were used. The substituent groups can modify an electron density of delocalized π system 

of benzene, which can induce the shift in conduction and valance band of MoS2. Thus, electron withdrawing  

groups, COOH and Me, show p-type, while OMe and OH show n-type properties. Mobilities of MoS2-

COOH exhibit 0.07 and 0.53 cm2/Vs; MoS2-Me, 289 and 1129 cm2/Vs; MoS2-OMe, 755 and 1.6 cm2/Vs;  

and MoS2-OH, 0.07 and 0.08 cm2/Vs, for electron and hole mobility, respectively. From these results, even 

though electrical properties determine the p- or n-type properties, the values of mobility and on/off ratio 

were affected by the reactivity between the diazonium salts and MoS2. The degree of functionalization of 

Me and OMe was higher than that of OH and COOH, showing higher mobility and on/off ratio. As a whole, 

the doping effect using diazonium salts suppressed a trap and intrinsic resistance, resulting in enhanced 

device performance, high stability, and low hysteresis. This study suggests the proper understanding to 

develop electronic devices using chemically treated MoS2. 
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The formation of biofilm on medical products can reduce their performance and cause secondary infection 

to patient. In order to enhance anti-biofouling property of medical products, we coated poly(ethylene 

glycol)-amine molecular weight 5,000 (PEG) on nanoparticle (NP; bentonite or TiO2) coated polyurethane 

(PU) film to decrease surface energy through increasing surface roughness and introducing mobility 

molecule on film surface. The cell viability assay of PEG coated NPs on human bronchial epithelial BEAS-

2B cell culture line exhibited that the IC50 values of PEG coated bentonite and TiO2 are 97.5 μg/mL and 

110.0 μg/mL, respectively. Nanoparticle (bentonite or TiO2) coated PU film (NP/PU film) was coated with 

0.1 mg/mL PEG solution through dip-coating at 0.05 mm/s speed and then the coating solution was dried 

at 100°C for 30 min resulting in 5 μm and 6 μm thickness and 2H hardness by pencil test, respectively. In 

order to confirm the surface roughness of PEG coated NP/PU film, we utilized atomic force microscopy. 

The surface roughness of poly urethane film increased from 3.31 nm to 11.2 nm and 19.9 nm for PEG 

/bentonite/PU film and PEG /TiO2/PU film, respectively, suggesting that the decreased surface energy of 

PU film. The anti-biofouling property was evaluated by exposing the PEG coated NP/PU film and neat PU 

film to mucin and quantifying adhered mucin amount through Alcian blue staining assay. The anti-

biofouling property was enhanced 95.8 % and 92.2% for PEG/bentonite/PU film and PEG /TiO2/PU film 

compared with neat PU film, respectively. 
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The LSC is a device that employs luminescent dyes to concentrate the sunlight on PVCs (Si cells) attached 

through the polymer waveguide. It has many advantages such as the possibility of various designs with 

very high transparency and desirable shape and color. It is also economically competitive and can be 

processed in the air. We applied octahedral rhenium clusters as a luminophore, which has transparency due 

to the low absorption at visible range and zero-reabsorption due to the massive Stokes shift. The metal 

clusters, [Re6S8(4-NH2-py)6], prepared by reaction of cesium salt of cluster anions with molten 4-

aminopyridine method were uniformly mixed with PMMA. The LSC with octahedral rhenium cluster 

exhibit >90% transparency and >1.6% efficiency depending on various concentrations. 
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Tin based perovskite solar cells (PSC) are a promising candidate as one of the next-generation photovoltaic 

devices because of their low-toxicity. However, since Sn2+ is easily oxidized to Sn4+, it is unstable. To solve 

this problem, we use thiocyanate ions (SCN-) for encapsulation of SnI6 octaheral unit. The organic 

thiocyanate anions replace iodides in FASnI3, and produce stable active materials for solar cell. We used 

SnS and SnS2 as interfacial layers between TiO2 and the active material. These chalcogenide interface layers 

provide a more efficient electron transfer path and lower interface recombination than direct contact with  

TiO2. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-432 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
High loading catalysts in mesopore network of hierarchical zeolites 

functioning through micropore apertures 
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High loading of metal or metal oxide on a porous support is important for preparing high-performance 

catalysts. However, loss of dispersion due to sintering and declined mass transfer associated with pore 

blockage are very common problems for supported catalysts at high catalyst loadings. For the preparation 

of high loading catalysts with high performance, we synthesized hierarchical zeolites with nanosponge 

morphologies using zeolite structure-directing surfactants. The obtained zeolites possessed a 3D disordered 

network of mesopores, which were running through thin frameworks of microporous crystalline zeolite . 

The mesopores had a narrow distribution of diameters centered at 4 nm. Metal or metal oxide (e.g., Co, Ni 

and TiO2) nanowire networks filling along the mesopore channels were generated by infiltration of the 

metal precursors into the mesopores and subsequent treatment of H2 or O2. Despite the tight embedment of 

the metals or metal oxides that resulted in mesopore blockage, they were readily accessible by the reactants 

through zeolitic micropores of the mesopore walls encasing them. As a result, the zeolite-supported 

nanowire networks of Co, Ni, and TiO2 could exhibit quite high catalytic activities for various reactions 

such as Fischer-Tropsch reaction, hydrogenation, and transfer-hydrogenation, respectively. The catalytic 

activities were much higher than those of embedded catalysts without micropore apertures. As a 

representative example, 30 wt% Co loaded on mesoporous zeolite nanosponge exhibited 20-fold higher 

activity for Fischer-Tropsch reaction under 473 K than 30 wt% Co loaded on MCM-48. We believe that 

the present approach can be employed to a wide range of metals or metal oxides, aiding the search for more 

efficient catalysts. 
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Pt-based intermetallic compounds have shown promise as efficient electrocatalysts for fuel cells and water 

electrolyzers due to their enhanced activity and durability compared to alloy structures. The synthesis of 

intermetallic structures requires a high temperature annealing step, which, however, often results in the 

agglomeration of particles with irregular distribution. Therefore, size and shape controlled intermetallic  

structure is still challenging. In this work, disordered Pt3Co alloy nanowires (D-PtCo NWs) and ordered 

intermetallic Pt3Co nanowires (O-PtCo NWs) were prepared using ordered mesoporous silica (OMS) as the 

templates which dictate the nanowire size and morphology and prevents the agglomeration during the high 

temperature annealing. Importantly, O-PtCo NWs exhibited enhanced activity and durability for oxygen 

reduction reaction (ORR) and hydrogen evolution reaction (HER), compared to the D-PtCo NWs and 

commercial Pt/C catalysts. Furthemore, the synthesis could be extended to intermetallic Pt3Co 

nanonetworks. 
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Inferior reaction kinetics of Pt catalysts for the alkaline hydrogen evolution reaction (HER) than acidic 

HER remains a challenge in water-alkali electrolyzers, which originates from an additional water 

dissociation step involved in the alkaline HER. In this presentation, we show that alkaline HER activity can 

be promoted by using Pt nanoparticles (NPs) supported on mesoporous α-MoC1-x (Pt/MMC) catalyst. In 

this catalyst, α-MoC1-x phase enables enhanced water dissociation capability while the mesoporous structure 

endows high surface area and efficient mass transport. In addition, X-ray absorption near edge structure 

and X-ray photoelectron spectroscopy revealed the electronic metal-support interaction (EMSI) between Pt 

NPs and MMC, which results in an electron transfer from MMC to Pt NPs adjusting the binding energy of 

proton on the Pt NPs to an optimized level. As a result, the Pt/MMC catalyst showed superior alkaline HER 

activity to Pt NPs supported on particulate α-MoC1-x or β-Mo2C, and exhibited 1.6- and 1.5-fold higher 

mass and specific activity than commercial Pt/C with the same Pt loading. 
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In this study, a β-phase Cu2-xSe nanowire and nanoplate were successfully synthesized via an aqueous 

approach. The morphologies of the Cu2-xSe nanowire and nanoplate could be easily tunable from plate to 

wire by changing synthetic conditions. Then a sodium doped Cu2-xSe nanoplate was prepared by a simple 

treatment of the Cu2-xSe nanoplate with a sodium hydroxide - ethylene glycol solution. The products as-

obtained were characterized by X-ray diffraction (XRD), high-resolution transmission electron microscope 

(HR-TEM), scanning electron microscopy (SEM), and inductively coupled plasma - optical emission 

spectrometry (ICP-OES) to check the microstructure and compositions. The nanopowders were then 

consolidated to bulk materials using spark plasma sintering (SPS) to evaluate their thermoelectric properties. 

The results show that Na played two important roles: One is reducing the carrier concentration, thereby 

improving the Seebeck coefficient; the other is reducing the thermal conductivity. Overall, a maximum ZT 

value of 0.24 was obtained at 673 K in the Na-doped Cu2-xSe nanoplates. 
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2D Materials-based Photoelectrochemical Cells: Combination of 

Transition Metal Dichalcogenides and Reduced Graphene Oxide for 
Efficient Charge Transfer 
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Transition metal dichalcogenides (TMDs) and their hybrids with reduced graphene oxide (rGO) have 

attracted great attention for use as electrocatalysts to replace Pt. However, their applications for 

photoelectrochemical (PEC) cells are not widely known. Herein, we report the fabrication of highly 

efficient photo-cathodes for PEC cells using only two-dimensional (2D) materials, MoS2, WS2 (with 1T 

and 2H phases) and rGO sheets. Two types of hybrid films were prepared based on various combinations 

of the components and optimization of the thickness; multi-layered (1T MoS2/ 2H MoS2/ 2H WS2/ rGO/  

ITO) and multi-component (1T MoS2/ (2H MoS2 + 2H WS2 + rGO)/ ITO) films. The hybrid films with the 

same component materials but different structures showed high efficiency when used as cathodes in PEC 

cells in terms of the current density under illumination: the increase by 60 and 67%, respectively, for the 

multi-layered and the multi-component films. Furthermore, the roles of each component were identified. 

The 1T MoS2 layer contributes to catalytic activity for hydrogen evolution reaction. The hybrid of 2H MoS2 

and 2H WS2 with different band structures facilitates more efficient carrier transport through proper band 

alignment than the individual MoS2 or WS2 sheets. The rGO sheets act as conductive interconnecting 

components to prevent the recombination of electrons and holes. Finally, the optimized hybrid film (1T 

MoS2/ (2H MoS2 + 2H WS2 + rGO)/ rGO/ ITO), based on above roles of each component, showed highly 

efficient PEC performance. This study points out that the performance of PECs consisting of 2D materials  

is affected by the combination of 2D materials and the structure of the photoelectrode. 
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Carbazole Based Hydrogen Storage Materials with High Thermal 

Stability 
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Recently, there are numerous efforts to develop hydrogen abundant organic materials because the hydrogen 

energy is come up as a renewable energy source. Among several hydrogen storage methods, chemical 

storage via catalytic hydrogenation of unsaturated organic compounds has been considered as an important 

option. To date, N-ethylcarbazole (NEC) is mostly studied material in small organic compound based 

chemical hydrogen storage, since it has a relatively high gravimetric density with 5.7 H2 wt% and 

hydrogenation and dehydrogenation can be repeated in relatively mild conditions without any side reactions. 

However, one drawback of NEC is low thermal stability. To solve this problem, We designed four new 

materials based on carbazole to inquire the hydrogen adsorption/hydrogen desorption reactivity depending 

on the length of the alkyl chain. Depending on the alkyl chains of each materials, there gravimetric densities 

were varied (5.31~ 5.86 H2 wt%). Importantly, their thermal stabilities were significantly enhanced 

compared with NEC which were confirmed by TGA measurements. Structural analysis and 

hydrogenation/dehydrogenation experiments of these new materials were accomplished in regular sequence. 

It is expected that all developed materials would be one of the promising materials in hydrogen storage 

research based on organic compounds. 
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Recently, luminescent nanoclusters have received great attention for their applications in sensors and 

biological imaging. Despite of their ultrafine size, photostability and low toxicity, which are appropriate 

properties for technical applications, they are still not sufficiently bright for optical applications. Herein, 

we suggest luminescence enhancement strategies for the luminescent nanocluster Au22(SG)18 where SG is 

glutathione, by functionalization of the cluster shell. Firstly, the gold cluster was ion paired with bulky 

tetraoctylammonium(TOA) cations which rigidified the Au(I)-shell structure by the intermolecular 

interactions between alkyl chains of TOA. As a result, the luminescence increased by 9-folds(QY ~60%). 

However, this cluster is not soluble in aqueous solution which limited the application in biochemistry. 

Another enhancement strategy is by using energy transfer between gold cluster and coupled small aromatic 

molecule. In prior research, pyrene was conjugated to the gold cluster. When conjugated pyrene excited at 

350nm, the emission of the cluster increased 8-folds while the pyrene emission decreased showing energy 

transfer properties. Based on this result, fluorescein(FL) was coupled to the gold cluster to enhance the 

emission by using the energy transfer properties and use FL as a pH sensor. 5-carboxyfluorsecein was 

bound at amine from cluster by DCC reaction. We observed optical properties of fluorescein coupled cluster 

to identify energy transfer properties between gold and FL. Also pH dependent character originated from 

fluorescein was checked on as-synthesized cluster. 
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Silicon solar cell is one of the most developed and commercialized types of photovoltaics. In terms of the 

overall performance, however, it shows quite low external quantum efficiency (EQE) with the high-energy 

region light (< 500 nm), which is caused by the severe surface recombination. To enhance the EQE of 

silicon solar cells in the ultraviolet region, quantum dots which absorb high-energy photons and emit low-

energy ones have been reported.1-2 However, the quantum dots usually have a limitation in controlling the 

range of absorbed light and there is also a long-term stability issue.Here, we present stable Pt(II) complexes 

with high emission quantum efficiency and easily tunable ligands. We have designed and synthesized four 

kinds of Pt(II) complexes and applied them as photon down-shifting layers in silicon solar cells. The optical 

properties and solubility of these compounds were successfully adjusted by ligand tuning. The photon 

down-shifting layers consisting of the complexes were fabricated by using the ultrasonic spray deposition 

(USD) method to reduce the aggregation. For the silicon solar cells coated with the thin layers of the Pt(II) 

complexes, the enhancement in Jsc has been observed and the EQE in the ultraviolet region has also been 

improved. Among them, the case of the compound having the most suitable absorption / emission range 

and the strong emission property shows the greatest increase in the device performance. 

References1. Tsai, M.-L.; Tu, W.-C.; Tang, L.; Wei, T.-C.; Wei, W.-R.; Lau, S. P.; Chen, L.-J.; He, J.-H. 

Nano Lett. 2016, 16, 1, 309-313 2. Lopez-Delgado, R.; Zhou, Y.; Zazueta-Raynaud, A.; Zhao, H.; Pelayo, 

J. E.; Vomeiro, A.; Alvarez-Ramos, M. E.; Rosei, F.; Ayon, A. Sci. Rep. 2017, 7, 14104 
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A n-doping method to non-destructive and precise control of electronic 

properties via atomic layer deposition 
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To enhance versatility of graphene, controlling Fermi level and carrier concentration of state of art is needed. 

In this context, practical approach has archived n-doping technique using atomic layer deposition(ALD) of 

zinc oxide film on graphene through reactive molecular layer. The technique has benefits for precise and 

simple, even quite simple and, the produced ZnO thin film on graphene are uniform, conformal, of good 

quality with a low pinhole density, besides thickness control of 1 Å resolution available. Of this result, 

characterization of graphene transistor did at the point of carrier density, doping state and Dirac point as a 

function of the thin film thickness. Not only the superb electronic properties, however also durable 

operation has promised. Because ZnO thin film act as an effective barrier against air-borne water and 

oxygen on the graphene. Additionally, ZnO ALD tried to be applied to the other 2D materials like MoS2 

and WSe2 those are candidates to promote electron mobility. 
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Efficient Hydrogen Evolution Reaction 
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Electrocatalytic hydrogen production via water electrolysis is an environmentally-benign energy 

technolology that is a key element of hydrogen-based energy cycles. To enhance overall efficiency of the 

water electrolysis, the development of electrocatalysts with high activity and durability is of prime 

importance. As an alternative to expensive precious metal catalysts, molybdenum sulfides have received 

great attention as the hydrogen evolution reaction (HER) catalysts. Among various strategies enhancing 

their catalytic activities, design of molecular mimics for active MoS2 edges has achieved significant 

turnover frequency by exposing high density of the active sites. In this work, we report that even the 

smallest, commercially available molecular compound, monomeric thiomolybdate (MoS42−) can catalyze 

the HER with very high efficiency, comparable to the state-of-the-art nanostructured MoSx-based HER 

catalysts. Its unexpectedly high HER activity could be attributed to condensation of S2− ligands in MoS42− 

anions, generating active sulfur sites. In addition, its activity and durability were further improved when 

adhered onto Au nanocrystals (NCs). Strong physical adhesion between MoS42− and Au NCs as well as 

electronic communication between them could improve the activity and durability of the resulting catalyst 

in strongly acidic electrolyte. 
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Water electrolysis has emerged as an environmentally benign and sustainable H2 production method which 

is essential for future hydrogen economy. However, its practical viability is limited by the use of expensive 

Pt-based catalysts for hydrogen evolution reaction (HER) at the cathode. As a class of non-precious metal 

electrocatalysts, cobalt- and nitrogen-codoped carbon (Co−N/C) catalysts have shown promising HER 

activity. Further advancement of Co–N/C catalysts is, however, hindered by poor understanding of the 

active sites. Typical preparation of Co–N/C catalysts involves high-temperature pyrolysis, which yields 

catalysts with a heterogeneous distribution of molecular Co−Nx sites and metallic Co nanoparticles (NPs). 

Moreover, the kinetic insights for the HER over Co−N/C catalysts are lacking. In this work, we prepared a 

suite of model Co−N/C catalysts with various Co−Nx to Co NPs ratios enabled by active-site-controllable 

silica-coating synthetic strategy. We found that the HER activities in both acidic and alkaline media linearly  

increase as the ratio of Co−Nx site increases, suggesting that the Co−Nx sites are major active sites for the 

HER. Furthermore, insights into HER reaction kinetics on Co−N/C catalysts were acquired by Tafel 

analysis combined with pH- and temperature-dependent HER activity investigations, which suggest a 

possible rate-determining step for the HER. Our Co−N/C catalyst exhibited superior durability and stability 

to a Pt/C catalyst. 
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Bone related diseases are one of the major symptom of an aging our society.The most important thing in 

bone related disease are early diagnosis and early treatment. Alendronate is widely used in the treatment of 

bone disorders, which bears bisphosphonate group with a high affinity to Ca2+ ions related to bone mineral. 

In this study, we synthesized Alendronate based carbon dot (Alen-CD) using alendronate, as a carbon 

source, without use of any surface passivating ligands and doped atom for bone imaging. Alen-CD 

exhibited a high binding activity for Ca2+ ions such as hydroxyapatite (HA, the mineral component of 

bone), rat tiviae and zebrafish vertebrae due to the presence of bis-phosphonate group on the surface. As 

Alen-CDs show remarkable specificity for HA over other calcium salts, the strong affinity for zebrafish  

vertebrae was also observed in vivo imaging. Therefore, these superior properties of Alen-CD have 

potential for targeted delivery to damaged bone tissue in vitro and provide motivation for in vivo 

investigation 
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The phase transition of the VO2 film near room temperature has attracted many researchers interest for the 

application of the smart window. There have been several reports to modulate the transition of VO2; The 

most dramatic case is doping of W6+ in the VO2 lattice (V1-xWxO2 (0≤ x ≤ ~ 0.04), the doping can depress 

the transition temperature down to ~270 K. The transition temperature also can be adjusted by the control 

of oxidation state of V ions in the lattice. In this presentation, we showed the behavior of metal insulator 

transition of VO2 film could be altered by the thickness of the film. The electrical resistance and infrared  

transmittance measurements of the films in the range of 300 K – 366 K showed the insulator to metal 

transition of the VO2 phase transition at ~ 340 K. However, the transition behavior observed in 

transmittance measurement showed much clearer than observed in resistance measurement - wide and clear 

transition hysteresis, and the transition gap between the high temperature and low temperature phase. Other 

physical and chemical properties of the films will be discussed also. 
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one inkjet materials printing 
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Thermal heating and monitoring temperature of digital microfluidic (DMF) lab-on-a-chip on paper 

substrates has previously been investigated. In order to control temperature without external equipment, we 

developed temperature controller including temperature sensor and heaters on the paper-based DMF chip. 

Since we also wanted to actuate a droplet on the temperature controller, a rail pattern of electrodes (Fig. 1) 

was printed using an inkjet printer, Dimatix, with silver nanoparticle (AgNP) ink. Furthermore, a pair of 

heaters enclosing a temperature sensor was printed on the electrodes positions, forming the heating zone, 

as shown in Fig. 1, so that those three electrodes have simultaneous roles of: 1) actuated electrodes for 

DMF, 2) heater electrodes, and 3) temperature sensing electrodes. The temperature sensor was fabricated 

by printing the thermoelectric (TE) material, p-type PEDOT:PSS with AgNP electrode, forming the 

interfacial junction (inset in Fig. 1). As a result of depositing these two materials with Dimatix, the once 

printed AgNP layer was 1 um and the fifth printed PEDOT:PSS layer was 2 um (Fig. 2). This integrated 

configuration enables the heating process of droplets, in addition to the DMF five normal mechanical 

operations of dispensing, merging, mixing, splitting and transporting. The sensor showed a linear response 

with a Seebeck coefficient of 19.132 uV/K; demonstrating good usage as a temperature sensor for a DMF 

drop with on-chip monitoring. Furthermore, biochemical experiments will be conducted using the 

integrated heater-sensor DMF chip. 
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Decomposition and degradation issues of chemical warfare agents (CWA) that have an organophosphate 

structure are getting important challenges since most CWAs can disrupt the balance of the sympathetic and 

parasympathetic autonomic nervous system inside DNA. Methyl paraoxon that has organophosphate 

functional group is one of simulants among nerve agents such as tabun, sarin, and soman. Until now, for 

the decomposition and degradation of nerve agents, TiO2 has been mostly studied and used as a photo 

catalyst. However, the use of the TiO2 has a limited use since a band gap of TiO2 is too much large to 

efficiently absorb a visible light or solar irradiation. In this study, we like to report newly synthesized two 

different black and blue TiO2s, which can absorb visible and infrared lights. Finally, we like to report the 

decomposition of methyl paraoxon under solar light with UV-vis, FT-IR and NMR spectra.. 
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Understanding of magnetic and thermal behaviors of magnetic nanoparticles in different buffer solutions is 

important to apply to a biomedical field including biomarker detection. Accordingly, a great deal of works 

relevant to theoretical or experimental works has been intensively made to improve the magnetic and 

thermal behaviors in the buffer solutions.However, all the works done so far was mostly focused on what 

relaxation mode (either Néel and Brown relaxation) is preferred to achieve a high magnetic moment, what 

physical parameters are crucial to improve the relaxation mode of the magnetic nanoparticles, and what 

material parameters can easily control the relaxation mode of the magnetic nanoparticles, there are no 

technical approaches to clarify what relaxation mode of magnetic nanoparticles are directly relevant to the 

thermal behaviors and needed to be improved in buffer solutions for highly efficacious biomedical 

applications. In this study, we experimentally and theoretically investigated the Néel and Brown relaxation  

in different buffer solutions to interpret the behaviors of soft and hard magnetic nanoparticles. 
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Covalent organic frameworks (COFs) have been evolved as a new class of porous and crystalline materials. 

It is mainly synthesized by condensation reactions of diverse building units. However, interestingly, the 

materials properties of the COFs with identical build units and linkage can vary with the synthetic methods. 

Accordingly, in this study, the halogenated perylene based covalent organic frameworks (X-PDA-COFs , 

X=Cl, Br) were constructed with perylenes which were halogenated at the bay position and a triazine 

linkage via different synthetic methods including polyimidization and microwave-assisted trimerization . 

Furthermore, to compare the differences of each method, we scrutinized the materials properties of the 

products such as thermal stability, porosity, morphology, and crystallinity. As a result, all of the PDA-COF, 

Cl-PDA-COF, and Br-PDA-COF which were prepared by microwave-assisted trimerization showed even 

better thermal stability and crystallinity than COFs prepared by polyimidization due to the stable and strong 

linkage formation of trimerization. 
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Development of high sensitive terahertz metamaterial using gold 

nanoparticles and conductive polymer by soft lithography 
 

Yooyeol Yang, Dong-Min Seon, Yuri Park, Jungmin Lee, Myoung-Hwan Park* 

 
Department of Chemistry, Sahmyook University, Korea 

  

The terahertz metamaterial sensing system is an important application because of its attractive potential to 

identify and detect trace amounts of chemicals and biochemicals. However, most of the Terahertz 

metamaterials are made from bulk gold substrates using photolithography, which requires complex 

equipment and wastes expensive materials. We have developed a terahertz metamaterial using soft 

lithography with gold nanoparticles to overcome this limitation. The Terahertz metamaterial consists of 

gold nanoparticles and poly (3, 4-ethylenedioxy-thiophene) (PEDOT), which is prepared by imprinting and 

polymerizing the mixed solution using a patterned PDMS mold. We have introduced gold nanoparticles 

that are more precisely and sensitively tunable than bulk gold and have used conductive polymers that have 

no electrical resistance. Soft lithography can make highly sensitive terahertz metamaterials easier and 

cheaper. Furthermore, it is possible to fabricate various shapes and structures of terahertz metamaterials  

infinitely through various master patterns. 
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Intercalation of Polyelectrolyte FPQ-Br in Layered Titanate 

Nanosheets for Enhancement in Photocatalytic Activity 
 

Seongwon Hong, Jin Kuen Park1,* 

 
Chemistry, Hankuk University of Foreign Studies, Korea 

1Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

The intercalation of cationic compounds into layered titanium oxide semiconductors allows facile synthesis 

for the applications of Li batteries, biosensor, p-n heterojunction semiconductors and photocatalysts. 

However, titanium oxide only absorb in UV region of sunlight and this limitation decrease in the use of 

titanium oxides as photocaltalyst. Therefore, hybridizing of visible light absorbing materials with titanium 

oxides has gained great attention because these hybrid materials could be able to harvest the wider range 

of sunlight and show better photocaltalytic efficiency. Especially, intercalation of conducting polymer into 

the space between titanate nanosheets offers several advantages. Although cationic dyes can be easily 

intercalated through ion exchange reactions, they can be easily released at electrolyte solution. Furthermore, 

they are generally weak in photobleaching. In comparison, cationic polymers are more stable at sunlight 

and strongly binding with negatively charged titanium oxide layer due to their positively charged repeating 

units, so they cannot be easily released in electrolyte solution. Here, we report several steps to synthesis 

FPQ-Br intercalated layered titante nanosheets. The resulting hybrid materials have been being 

characterized by X-ray diffraction(XRD), Fourier transform infrared spectroscopy(FTIR), UV-vis  

spectroscopy, Thermogravimetry(TG), Cyclic voltametry(CV) and Scanning electron microscopy(SEM). 

Electrochemical impedance spectroscopy(EIS) and Metylene blue decomposition test in visible light will 

be measured to identify visible light photocatalytic properties. 
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Synthesis of inorganic/polymer hybrids in reverse microemulsion for 

multimodal contrast agent application 
 

Dongju Seo, Jin Kuen Park1,* 

 
chemistry, Hankuk University of Foreign Studies, Korea 

1Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

We synthesized inorganic/polymer hybrid materials by a reverse microemulsion method for achieving 

multimodal contrast agent. Hybrid nanoparticles were synthesized with bio-responsive polymer and 

biocompatible layered double hydroxide (LDH) in nonylphenol ethoxylate (NP-9)/cyclohexane reverse 

microemulsion. Reverse microemulsion is liquid mixtures of water dispersed in oil with surfactant, micelles  

have the tails spreading out with the head groups at the center. Ratio of water to surfactant, W0 was 

important to control the size and its morphology. Controlling the ratio enables us to synthesis nanometer 

sized hibrids with a 50-100nm diameter like round shape. Gd-DTPA and gallium species as metal radio 

isotope were introduced to this hybrid, in order to apply the contrast properties for computed tomography 

(CT), magnetic resonance imaging (MRI) and positron emission tomography (PET) to one contrast agent. 

Powder X-ray diffraction (PXRD) patterns showed the crystal structure of typical LDH, and Fourier 

transform infrared (FT-IR) spectra were exhibited all kinds of chemical species were well introduced to 

this hybrid. It was verified that sizes of hybrids were 100-200 nm with spherical morphology by scanning 

electron microscopy (SEM). 
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Preparation of porous adsorbent from as-obtained slag and evaluation 

of adsorption ability for cadmium and albumin 
 

Hong-Beom Lee, Hyoung-Mi Kim1, Tae-Hyun Kim, Jae-Min OH1,* 
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We prepared porous adsorbent (PA) from as-obtained Slag (SL) through dissolution-reprecipitation process. 

For the preparation of PA, we dispersed SL into 1 M of HCl and vigorously stirred for 4 h at 100 oC to 

extract metal species. Then the suspension was filtrated to extract metal solution. After filtration, alkaline 

solution (0.6 M of NaOH and NaHCO3) was dropwisely added into metal solution until the pH reached 

~12.5. The obtained slurry was aged for 24 h at room temperature under vigorous stirring. The products 

were collected by filtration and lyophilized. From X-ray diffraction patterns, obtained PA showed typical 

diffraction patterns of calcite (JCPDS No. 05-0586) and rhodochrosite (JCPDS No. 07-268). The specific 

surface area and pore size of prepared PA was evaluated with nitrogen adsorption-desorption and 

determined to be 110.6 m2g-1 and 20.2 nm, respectively. From this result, we assume that prepared PA could 

be a potential candidate for heavy metal and protein absorbents. From cadmium and albumin adsorption 

study, it was revealed that prepared PA showed 4 times more enhanced cadmium adsorption and 30 times  

higher albumin adsorption efficiency than SL. 
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Development of the halogenated perylene based covalent organic 

frameworks (COFs) via acid-catalyzed trimerization reaction 
 

Ho Kyung Jang, Hong Mo KIM, Jae Pil Kim* 

 
Material science and engineering, Seoul National University, Korea 

  

Covalent organic framework (COF) is the one of emerging materials constructed from molecular building 

blocks including reactive organic functional groups. Here, we present the synthesis and characterization of 

the halogenated perylene based covalent organic frameworks (X-PDA-COFs, X=Cl, Br) and evaluate 

properties. Strong Brønsted acids are known to catalyze the trimerization of nitriles. A series of X-PDA-

COFs were synthesized by using perylene precursors with nitrile and trifluoromethanesulfonic acid 

(TFMSA) as the catalyst at a moderate temperature under microwave-assisted conditions. This synthetic 

route allows not only the avoidance of undesired carbonization caused by traditional synthesis, but also 

easier route to construct strong and stable triazine-based polyimide networks than polyimidization method 

using triaminophenyltriazine (TAPT). The properties of products were investigated by powder x-ray  

diffraction (PXRD), thermogravimetric analysis (TGA), and scanning electron microscopy (SEM). The 

Fourier transform infrared (FT-IR) spectra of materials indicated the formation of expected triazine group 

and the disappearing of nitriles at precursor. 
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Synthesis of Covalent Organic Nanosheets (CONs) and Their 

Morphology Control 
 

KIM Min-Sung, Jin Kuen Park* 

 
Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

This report examined the factors related to the nature of polymerization to form two-dimensional (2D) 

conjugated polymer networks via a Stille cross-coupling reaction. Surprisingly, the resulting polymers were 

found to form graphene-like 2D nanosheets, and their solid-state morphologies were easily controlled by 

altering the adopted synthetic route such as either solvothermal or reflux reaction and solvents due to their 

weak intermolecular interactions. Typically, 2D polymers are categorized as covalent organic frameworks  

(COFs), which have been widely studied due to their unique structures and fascinating physicochemical 

properties. Neverthless, the high crystallinities of COFs limit their applications due to the strong 

intermolecular interactions. Therefore, we demonstrated how to reduce the crystallinity and control the 

morphology of 2D polymers, which is helpful to understand the physical attributes of the organic 

components contributing to the crystallinities of 2D polymers. In this contribution, we termed such low-

crystalline 2D polymers as covalent organic nanosheets (CONs) to discriminate from COFs. 
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Synthesis of Pure and Mesoporous Hydroxyapatite without silica 

template 
 

Jee Hun Jeong, Jin Kuen Park1,* 
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1Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

Mesoporous hydroxyapatite nanoparticles are promising materials for application of artificial bone and 

have been widely investigated for control drug release purpose. But due to the nature of fast mineralization, 

it is hard to control their crystalline structure and modify surface properties in order to load bioactive 

molecules. Nonetheless, we synthesized mesostructure hydroxyapatite by controlling the concentration of 

the surfactant (Cetyl TrimethylAmmonium Bromide(CTAB)) and the reaction temperature. Through the 

above control, it was possible to make a mesostructure composed only of hydroxyapatite without template 

like silica compound. The structural integrity was characterized by IR spectroscopy, powder X-ray  

diffraction, scanning electrons microscopy, transmission electron microscopy and BET gas adsorption. 

Furthermore a large surface area of hydroxyapatite can be used to load the drug, and a functional group 

capable of tracking the lesion on the surface can be attached to control the drug to be administered to the 

affected area. 
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Development of self-assembled one-dimensional fiber-based 

optoelectronic devices via Synthesis of perylene and fluorene based 
oligomers 

 

Joon Hyun CHOI, Jin Kuen Park1,* 

 
Chemistry, Hankuk University of Foreign Studies, Korea 

1Department of Chemistry, Hankuk University of Foreign Studies, Korea 

  

Donor-acceptor oligomers, composed of 2-Amino-7-bromofluorene (fluorene) as the electron donor and 

perylene-3,4,9,10-tetra carboxylic dianhydride (perylene) as the electron acceptor, were prepared and used 

to fabricate a one-dimensional fibrillated optoelectronic device. Typically, Perylene bisimides (PBI) belong 

to a class of n-type chromophores exhibiting relatively high electron mobility, large molar absorption 

coefficients, fluorescence quantum yield, as well as good thermal and photochemical stabilities. Two 

fluorene and benzothiazole are synthesized by Suzuki coupling, and A long chain is formed by attaching 6 

alkyl chains on one side of flourene. The long chain thus synthesized is a chromophore, which is attached 

to both side of perylene to synthesize N,N'-((7,7'-((1,3,8,10-tetraoxo-3,3a,7a,8-tetrahydroanthra[2, 1, 9-

def:6,5,10-d'e'f']d iisoquinoline-2,9(1H,5aH,5bH,10H)-d iyl)bis(9H-fluorene-7,2-

diyl))bis(benzo[c][1,2,5]thiadiazole-7,4-diy l))bis(9H-fluorene-7,2-d iyl))bis(3,4,5-tris(2,5,8,11,14,17-

hexaoxanonadecan-19-yloxy)benzamide) (P4F6A). Thus, the products allow for conjugation over a wider 

wavelength range. It is possible to conform π- π stackings of perylene and fluorene, that have more 

photochemical stability. Synthesized oligomers can be confirmed by NMR spectroscopy and MALDI-TOF. 
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Effects of Sodium Citrate on Characteristics of Mesoporous Silica 

Nanoparticles 
 

Suguan Jang, Jae Young BAE* 

 
Department of Chemistry, Keimyung University, Korea 

  

Mesoporous silica nanoparticles that have various sizes of pore diameter using tetraethylorthosilicate 

(TEOS) as a precursor were synthesized through cetyltriammonium chloride (CTACl) of cationic surfactant 

together with sodium citrate (SC) of anionic surfactant and The pore size was controlled by concentration 

of SC. The result materials were characterized by transmission electron microscopy (TEM), X-ray  

diffraction (XRD), and Brunauer- Emmett-Teller method (BET) surface area. The pore diameter and pore 

volume is afford to controlled in range from 2 to 4 nm and 0.1 to 0.3 cc/g. The higher concentration of 

sodium citrate, the larger pore diameter and the highest BET surface area of 1897 cm2/g was observed at 

the medium concentration. The mesoporous pattern of XRD peak was observed to be more clear with low 

concentration. 
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Magnetic Gyro-nanodisks for Fourier Transform Surface Plasmon 

Resonance Based Biosensing 
 

Seongkeun Ih, Insub Jung1, Min Kwak, Sungho Park* 
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1Department of Energy Science, Sungkyunkwan University, Korea 

  

Herein, we report a synthesis and application of magnetically-responsive and plasmonically-active gyro-

nanodisks (GNDs) for Fourier transform surface plasmon resonance-based biodetection. These bifunctional 

GNDs were synthesized using electrochemical methods with anodized aluminum oxide (AAO) templates. 

Due to the unique properties of GNDs, periodic extinction signals were generated under an external rotating 

magnetic fields, which can be easily converted to frequency domains using Fourier-transform. After 

binding a target molecule on GNDs, an increase in the shear force causes a shift in the frequency domain, 

which allows us to investigate biodetection for HA1. Moreover, we achieved enhanced detection sensitivity 

by modulating the number and the location of plasmonic nanodisks. The concepts and approaches will 

contribute to further advanced sensing module performance, as well as a better understanding of dynamic 

nanoparticle system, by modulated periodic fluctuation of surface plasmon bands under the external 

magnetic fields. 
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Preparation of silica supported Cu-Mn oxide catalysts and their gas 

removal property 
 

SangJae Oh, Yang-Su Han1,* 
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Silica supported copper-manganese oxide catalyst was prepared by a redox-precipitation and alkali silicate 

titration method. In a typical process, nano-sized CuO:MnO2 mixed oxide particle was first prepared by a 

titration of manganese and copper acetate aqueous solution into potassium permanganate solution. Then 

alkali silicate solution (Na2SiO3 solution) was titrate into the reaction solution to adjust the pH in the range 

of 4.5 ~ 7.0. The porous parameters such as specific surface area, pore volume and pore size were calculated 

from nitrogen adsorption-desorption isotherm analysis as a function of solution pH. The gas removal 

activity of the porous catalysts was also compared using CO, NH3, CH3CHO. 
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Preparation of Mn based oxide catalysts and their physico-chemical 

property 
 

SangJae Oh, Yang-Su Han1,* 
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Silica supported Mn based oxide catalysts, CuO:MnO2, CuMn2O4, and Mn3O4, were prepared by a redox-

precipitation and alkali silicate titration method. In a typical process, nano-sized oxide particle was first 

prepared by a redox precipitation, followed by a basic alkali silicate (Na2SiO3 solution) titration to obtain 

porous materials. Such prepared oxide catalysts were characterized by X-ray diffraction(XRD), X-ray  

fluorescence(XRF), temperature-programmed oxidation(TPO), NH3 temperature-programmed 

desorption(TPD) analyses. The porous parameters such as specific surface area, pore volume and pore size 

were calculated from nitrogen adsorption-desorption isotherm analysis. The gas removal efficiency of the 

porous catalysts was also compared using CO, NH3, CH3CHO, NO2, and H2S. 
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Solution-processed high-k Dielectrics by a facile Dip-Coating method 

for Thin-Film Transistors 
 

Young min Song 

 
Kyonggi University, Korea 

  

Recently, it reported on high-k dielectric via spin-coating method. In this study, we had demonstrated a 

solution-processed high-k dielectric material via dip-coating method. These film are fabricated via solution 

processes and had a lower gate leakage current density than a film via spin-coating method. Thin-film 

transistors fabricated with organic and inorganic semiconductors exhibited high mobility and current on-

off ratios. Also, these devices function well at low voltages. 
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Highly stable superhydrophobic film surface by a facile UV process at 

room temperature 
 

YEONAH PARK 
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In this experiment, we can get transparent, hydrophobic and high stable coated surface by using UV at room 

temperature(RT). We made a material using V-POSS under UV radiation at RT. The vinyl, functional 

groups, was substituted with octadecanethiol and 1,10-decanedithiol. After spray coating with made 

material, the coated surface showed superhydrophobicity by substitution with octadecanethiol and high 

stability by substitution with 1,10-decanedithiol. The resulting coated surface result in a water contact angle 

greater than 150° and a small sliding angle(SA≤10°). In addition, the coated surfaces still retained the 

superhydrophobicity after sonication. 
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Touch Responsive Electrochemiluminescence (ECL) device 
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Stretchable electronics are very important and attractive field for the next-generation devices like electronic 

skin, sensors and displays. To use these devices, human interaction is also very important part. We propose 

highly stretchable and pressure responsive electrochemiluminescence (ECL) display device, using ECL 

gels consisting poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-co-HFP), 1-Ethyl-3-

methylimidazolium bis(trifluoromethylsulfonyl)imdie ([EMI][TFSI]), and Tris(2,2'-

bipyridine)ruthenium(ll) hexafluorophosphate (Ru(bpy)3(PF6)2). Device is all printed by inkjet printer 

which are polydimethylsiloxane (PDMS) (as spacer) and ECL gel (as active layer) on the stretchable 

electrode. The device only emits light when human touch the PDMS spacer to contact ECL gel and the 

electrode. The device can be stretch up to 50% biaxial with negligible damage. Total thickness is very thin 

that is about 300~400μm. This device has high response time and resolution (up to 100um for one pixel), 

which can detect the touch stimulation and give human interaction by it's shape directly and fast. 
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Mechanistic Insight into Thermal Conversion of Nanospace Confined 

Layered Gadolinium Double Hydroxide toward Porous Two-
dimensional Structure of Gd2O3 
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Two dimensional structure has attracted considerable attention as an ideal building block for fabrication of 

thin film on the various substrate of large area, which is favorable for various practical applications. This 

work highlights in-situ formation of the mesopores on the facial plane of 2D-Gd2O3 nanosheets during the 

thermal conversion process of the nanospace confined layered gadolinium double hydroxide (LGdH) within  

SiO2 shell. The formation of the mesopores could be attributed to outward diffusion of the Gd ions toward 

SiO2 shell to form a thermal dynamically favored Gd-silicate. Moreover, (111) facial plane with higher 

surface energy on the 2D-Gd2O3 nanosheets could facilitate preferential diffusion of the Gd ions. By taking 

advantage of the proposed strategy in this work, colloidal suspension of the various (porous) 2D metal 

oxides could be produced. 
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Polymerization and Preparation of High Strength Ophthalmic Lens 

Containing Isocyanate Group with Carbon Nanoparticles 
 

Min-Jae Lee, A-Young Sung* 
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This research was conducted to produce the high strength hydrogel ophthalmic lens containing isocyanate 

group with nanoparticles. 2-Isocyanatoethyl methacrylate and hexamethylene diisocyanate with carbon 

nanoparticles were used as additives for the basic combination of HEMA (2-hydroxyethyl methacrylate), 

MA (methacrylic acid), and MMA (methyl methacrylate), and the materials were copolymerized with  

EGDMA (ethylene glycol dimethacrylate) as the cross-linking agent and AIBN as the initiator. 

Measurement of the physical characteristics of the produced material showed that the refractive index is 

1.4027~1.4600, water content 25.21~44.01%, contact angle 43.99~72.94°, visible light transmittance 

26.71~92.13%, and tensile strength 0.0652~0.2528kgf and breaking strength were 0.0872~0.2825kgf. The 

results showed an increase of refractive index while the addition of 2-isocyanatoethyl methacrylate with  

carbon nanoparticle decreased the contact angle and that showing both additives made synergy effect of 

wettability. In case of copolymer with hexamethylene diisocyanate, the results showed increase of light 

transmittance as the increasing ratio of additives. Furthermore, the tensile strength was highest when the 

addition ratio of isocyanate group was 3%(wt), and also, the breaking strength was highest when the 

addition ratio of isocyanate group was 5%(wt). As a result of the absorbance measurement, no significant 

difference was observed in all the samples, so it can be judged that the stabilization of nanoparticles in the 

polymer was maintained. Therefore, these materials can be used for ophthalmic lenses with high 

performance of wettability, ultraviolet ray blocking effect, tensile strength and breaking strength if they are 

used at an appropriate ratio. 
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Polyviologene as a versatile cathode material in next-generation 

secondary ion batteries 
 

Amol Bhairuba Ikhe, myoungho pyo* 
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Poly (hexyl viologen chloride) (PHV-Cl) is examined as a versatile electrode material in magnesium-based 

electrolytes. When coupled with Mg metal in commonly used Mg-based electrolytes for the operation via 

a dual-ion mode, PHV-Cl cathodes shows a quite stable anion insertion/desertion behavior during 

charge/discharge. PHV-Cl delivers a capacity of 170 mAh.g-1 at an average discharge voltage of 1.33 V vs. 

Mg/Mg2+, including a significantly higher energy density (ED) than chevrel Mo6S8 (226 vs. ca. 100 

mWh.g-1). This feature of PHV-Cl is retained after repeated cycle in all the electrolytes examined (201 

mWh.g-1 after 50 charge/discharge cycles). PHV-Cl has been tested in several electrolytes (APC, MACC 

and Mg(HDMS)2) and reveals that PHV-Cl can be used as a cathode material in MIB’s. TGA study is done 

at different discharged state (full discharged, ¾ discharged, ½ discharged and ¼ discharged state) to confirm 

that Ph2AlCl2- anion insertion in PHV-Cl. It is described that PHV-Cl can be used as an anode in anion 

batteries. Further, full cell investigation of PHV-Cl is in progress. 
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Plasma functionalization of powdery nanomaterials using porous filter 

electrode and sample circulation 
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Compared with wet processes, dry functionalization using plasma is fast, scalable, solvent-free, and thus 

presents a promising approach for grafting functional groups to powdery nanomaterials. Previous 

approaches, however, had difficulties in maintaining an intimate sample-plasma contact and achieving 

uniform functionalization. Here, we demonstrate a plasma reactor equipped with a porous filter electrode 

that increases both homogeneity and degree of functionalization by capturing and circulating powdery 

carbon nanotubes (CNTs) via vacuum and gas blowing. Spectroscopic measurements verify that treatment 

with O2/air plasma generates oxygen-containing groups on the surface of CNTs, with the degree of 

functionalization readily controlled by varying the circulation number. Gas sensors fabricated using the 

plasma-treated CNTs confirm alteration of molecular adsorption on the surface of CNTs. A sequential 

treatment with NH3 plasma following the oxidation pre-treatment results in the functionalization with  

nitrogen species of up to 3.2 wt.%. Our approach requiring no organic solvents not only is cost-effective 

and environmentally friendly, but also serves as a versatile tool that applies to other powdery micro or 

nanoscale materials for controlled modification of their surfaces. 
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Effect of TM-doping ( M = Ti, Mo ) on the electrochemical 

performance of potassium vanadium phosphate 
 

Su Cheol Han, Sangwon park1, myoungho pyo* 
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Recently, a new high voltage cathode material (KMP2O7: M = Ti, V, Mo) for KIB was proposed by fully  

scouring the inactivation pressure structure database. Compounds with a pyrophosphate backbone in the 

polyanion series are chosen because they are known to induce the highest potential for the same redox pair. 

This is a useful way to develop cathode materials with a possible energy density. KVP2O7 can reversibly 

insert / desertion 60% of K+ during C / D. KVP2O7 shows an average discharge potential of 4.2V Vs. K / 

K+, which corresponds to an energy density of 253 W h-1 at 0.25C. Also investigated the structural stability 

and K+ migration rate by doping Ti and Mo at TMO6 sites. It is expected that the electrochemical 

characteristics and the electrochemical behavior characteristics at high temperature will be excellent from 

the results previously confirmed with KTiP2O7 and KMoP2O7. Exceeds those of most cathode materials  

reported so far, suggesting an alternative approach to the development of new cathode materials for KIBs. 
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Phase and structure-dependent effects of TiO2 in application to 

photocatalytic CO2 conversion reactions 
 

Dongil Won, HyeJin Kang, Wan-In Lee* 

 
Department of chemistry and chemical engineering, Inha University, Korea 

  

Various kind of TiO2 such as commercial P25 TiO2, [001] phased TiO2, mesoporous spherical TiO2 and 

their disordered structure named as black TiO2 were synthesized. Pt NPs were then deposited on the 

prepared TiO2 by a well-known photodeposition method in order to investigate phase and structure-

dependent effects of TiO2 in the photocatalytic CO2 conversion reaction. In evolving CH4 from CO2 under 

Xenon lamp (UV-vis light) irradiation, the photocatalytic activities of Pt/P25 TiO2 are not critically  

influenced because of their low activated surface structure, whereas using Pt/[001] phased TiO2, the 

photocatalytic activities are remarkably increased, clearly indicating that the enhancement of the catalytic 

activities is caused by exposed surface activation effect of [001] TiO2. Also, mesoporous spherical TiO2  

showed high photocatalytic activities due to porous structure. Furthermore above TiO2 catalysts can be 

further increased in efficiency by inducing defect structure on the TiO2 surface. 
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Antioxidant Activity and Chemical Composition of Yuja Seed Essential 

Oil And Yuja Seed Solvent Extracts 
 

Sung Hwa Oh*, JI EUN LEE1 

 
R&D team, Nano bio Research Center, Korea 

1R&D team, JBF, Korea 

  

Citrus junos Sieb. (ex TANAKA), which is commonly called as “Yuja” in korea, belongs to a citrus Citrus 

junos Sieb. (ex TANAKA), which is commonly called as “Yuja” in korea, belongs to a citrus fruit that is 

mainly cultivated in northeast Asia. Most food products of yuja are processed to a form of “yujachong” in 

korea. A table spoon of this syrup stirred into a cup of hot water makes a beverage called “Yuja tea”, which 

used as herbal remedy for the common cold and similar winter illness. Yuja seed takes about 15% of total 

weight of whole yuja fruit, and is abandon during most of yuja process. Therefore, it’s meaningful to 

investigate on such properties of yuja seeds and furthermore, develop certain types of processed yuja seed 

product. According to proximate analysis of yuja seeds, they were composed of 10.5% water, 2.5% ash, 

31.4% crude lipid, 15.3% crude protein and 40.3% carbohydrates. To obtain essential oils, yuja seeds were 

extracted by supercritical carbon dioxide(SC-CO2). The alcohol was added to supercritical extracted  

residue(yuja seed) in order to extract bioactive substances(flavonoid component, etc) . We investigated the 

antioxidant activity and chemical composition of yuja seed essential oil and supercritical extracted residue. 
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Electrocatalysts of carbon nitride containing molecular-level nickel 

species for oxygen evolution reaction 
 

GIlsoo Park, Sungjin Park1,* 

 
chemistry and chemical engineering , Inha University, Korea 

1Department of Chemistry, Inha University, Korea 

  

New nanomaterials of active species based on atoms or molecular levels are used as efficient catalysts in a 

variety of reactions. In this study, it was preparing graphitic carbon nitride containing nickel species at the 

molecular level, and the catalyst exhibits excellent properties in the oxygen evolution reaction (OER). 

Through analysis of various chemical and structural characteristics, it was confirmed that the nickel-based 

chemical species are attached to the carbon nitride network and well dispersed. In addition, it is confirmed  

that the nickel-containing molecular material dispersed in the carbon nitride network helps to increase the 

activity of OER through electrochemical characteristics. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-472 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Recyclable Bio-mimetic FePd Magnetozymes 

 

Junyoung Kwon, Jaebeom Lee1,* 

 
Department of Cogno-Mechatronics Engineering, Pusan National University, Korea 

1Optics and Mechatronics Engineering, Pusan National University, Korea 

  

In this study, FePd magnetic nanoparticles (NPs) were developed as artificial enzymes with high 

biocompatibility and reusability, named ‘magnetozymes’, in a one-pot aqueous synthesis method using 

glutathione (GSH) and cysteine (Cys) as surfactants. The prepared hydrophilic FePd magnetozymes can be 

successfully re-dispersed in water and have high zeta potentials of 21.8 and 29.5 mV for Cys- and GSH-

stabilized magnetozymes, respectively. The saturation magnetizations of the Cys- and GSH-conjugated  

magnetozymes, measured by a superconducting quantum interference device, are 4.7 and 41.4 emu g−1, 

with both magnetozymes exhibiting superparamagnetism at 300 K. The catalytic activities were tested by 

measuring the reduction of fluorescent dye and hydrogen peroxide by optical absorption measurements and 

electrochemical characterization. The Cys-FePd and GSH-FePd NCs exhibited significantly enhanced 

efficiency, with catalytic constants more than 2- and 7- fold higher than horseradish peroxidase (HRP), 

respectively. Furthermore, in vitro experiments reveal that the FePd NPs clearly behave like peroxidase to 

reduce ROS levels in mammalian cells. The cytotoxicity was analyzed by exposing the FePd magnetozymes  

to different cell lines for seven days, and they showed >90% viability at concentrations up to 20 μg mL–1. 

The FePd magnetozymes, having high saturation magnetizations and biocompatibility, enable a variety of 

possible catalytic and biological applications such as recyclable peroxidase-mimicking enzymes, 

antioxidant agents, and biosensors. 
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Seasonal Variations of Chemical Components of Yuja Essential Oil 

 

Sung Hwa Oh*, JI EUN LEE1 

 
R&D team, Nano bio Research Center, Korea 

1R&D team, JBF, Korea 

  

It was aimed to study the seasonal variations (Sep, Oct, Nov) of chemical characteristics and volatile  

compounds of Yuja essential oil extracted by supercritical carbon dioxide(SC-CO2). The extraction of 

essential oil using in a semi-continuous flow extractor at the range of pressure and temperatures 150 to 400 

bar and 30 to 50℃, respectively. The volatile compounds of yuja essential oil were analyzed by GC and 

GC-MS technique. The most efficient extraction of the volatile essential oils was achieved at 280bar and 

50℃ by SC-CO2 (Sep). Major volatile compounds of total yuja essential oil extracted by SC-CO2 were 

limonene, γ-terpinene, β-myrcene, α-pinene, linalool, and terpinolene. 
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Size Control of Disordered Mesoporous Spherical Silica Particles by 

Variation of Synthetic Parameters 
 

Jiyeon Lee, SeungWoo LEE, Chanho PAK* 

 
Graduate Program of Energy Technology, Gwangju Institute of Science and Technology, Korea 

  

Mesoporous silica particles have a lot of applications such as catalyst support materials, gas adsorption, gas 

sensing, chromatography and drug delivery. In these applications, the morphology such as primary particle 

size and shape and pore structure such as size distribution and connectivity is very important. In this study, 

the effect of parameter controls such as base concentration and mixing speed on the particle morphology 

of disordered mesoporous spherical silica particles (DMSS) is investigated. The DMSS samples prepared 

by the modified Stöber synthesis process using the n-hexadecylamine as a surfactant. The particle size of 

DMSS is decreased from 1 m to ~ 350nm with increasing the ammonia concentration in the reaction 

mixture. The mean pore diameter of DMSS samples are in the range of 3.5nm and 4.5nm. In addition, 

DMSS sample having 350nm in size is applied as a new template material for the mesoporous carbon by 

nano-template method. Its replicated-carbon has similar size of DMSS’s particle and pore structure, while 

the surface area is increased up to 1200m2/g, which can be used the carbon support the supported catalyst 

for the fuel cell. 
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Gadolinium-complex incorporated layered double hydroxide with 

homogeneous size through reverse micelle method 
 

Sang-Yong Jung, Hyoung-Mi Kim, Tae-Hyun Kim, Jae-Min OH* 

 
Chemistry and Department of Medical Chemistry, Yonsei University, Korea 

  

Layered double hydroxide (LDH), which is also known as anionic clay, is one of the emerging  

nanomaterials in drug delivery application. We have synthesized gadolinium (Gd) complex incorporated 

LDH for potential application in magnetic resonance imaging contrasting agent considering long-term 

circulation and bypassing macrophages, the size of Gd-LDH was homogeneously controlled by reverse-

micelle method. First, we tried well-known dodecyl-sulfate based micelle in octane and butanol solvent. 

We could obtain LDH phase, however, the surfactant dodecyl sulfate was incorporated instead of Gd-

complex, Thus, we changed surfactant to cationic one, cetyltrimethylammonium bromide (CTAB), 

typically, CTAB and cyclohexane solution was prepared. First, we obtained LDH through reverse micelle 

method without Gd-complex with two different composition utilizing Mg2+ and Al3+ for MgAl-LDH-RM 

and Mg2+ and Ga3+ for MgGa-LDH-RM, respectively. The X-ray diffraction (XRD) patterns, prepared 

LDHs shows typical 2-dimensional layered structure like hydrotalcite (JCPDS No. 14-0191) having 0.33nm 

of interlayer space which is not enough space for surfactant CTAB. Then we synthesized Gd-complex 

incorporated LDHs through same reverse micelle method following previous experimental procedure with  

diethylenetriaminepentaacetic acid Gadolinium (III) solution and was named MgAl-Gd-LDH-RM and 

MgGa-Gd-LDH-RM, respectively. From XRD patterns and Fourier-transform infrared spectra, we 

confirmed that prepared Gd-complexes were successfully incorporated with LDHs through reverse micelle 

method utilizing CTAB. We also investigated the Hounsfield unit (HU) and T1 relaxivity of prepared 

samples with microCT and magnetic resonance imaging instrument, respectively. 
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Highly efficient CuSCN based organic-inorganic hybrid Perovskite 

Solar Cells with enhanced interface & outstanding quality hole 
transporting layer 

 

INSEOK YANG, Wan-In Lee1,* 

 
Department of Chemistry and Chemical engineering, Inha University, Korea 

1Department of Chemistry, Inha University, Korea 

  

Copper based inorganic hole transporting material (HTM) employing lead halide perovskite solar cells 

(PSCs) was developed by aerosol spray deposition in this work with high efficiency and remarkable long-

term stability. We developed a reproducible method to deposit CuSCN layer on the CH3NH3PbI3 layer by 

a simple aerosol spray deposition technique, which does not appreciably damage the underlying 

CH3NH3PbI3 layer. Also we obtained high crystallinity CuSCN film on the CH3NH3PbI3 layer with  

enhanced interface which leads to higher VOC and FF. The fabricated PSC with ~50 nm-thick pristine 

CuSCN layer exhibited the photovoltaic conversion efficiency (PCE) of 17.10% with JSC of 23.10 mA/cm2, 

VOC of 1,013 mV and FF of 0.731. Comparing to the PSC employing Spiro-OMeTAD, its JSC is 

comparetively higher, suggesting that CuSCN is superior to Spiro-OMeTAD in transporting the holes, 

although its VOC is appreciably lower presumably due to the absence of additives in the CuSCN-based HTM. 

Furthermore, PSCs employing the pristine CuSCN demonstrate a remarkable long-term stability at ambient  

condition: PCE was decreased by only 5.8% after 100 days. 
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Fabrication of carbon nanotube membranes attached on a glass 

capillary for the detection of individual ions 
 

Hyegi Min, Chang Young Lee* 

 
Chemical engineering, Ulsan National Institute of Science and Technology, Korea 

  

We developed a nanopore platform with improved reproducibility in terms of both fabrication and the 

detection of ionic species, using centimeter-long and horizontally aligned carbon nanotubes having average 

diameter of 4 nm. Carbon nanotubes were embedded into an epoxy matrix and microtomed with 10 μm 

thickness, resulting in fabrication of hundreds of carbon nanotube membranes having identical pores. The 

membrane attached on a glass capillary can be directly used for the measurement of pore-blocking events 

caused by cations, and switching between different analytes is done simply by dipping the capillary into 

another solution. The noise level was also reduced by using glass capillaries with smaller inner diameter. 

This platform allows for the statistical prediction of the threshold voltage for the ions to enter the pores, by 

recording IV-curves based on repeated voltage-ramping protocol. The threshold voltages for K+, Na+, and 

Li+ were -90 mV, -30 mV, and -10 mV, respectively. The mobility values estimated from the blocking 

events at each bias were 7.59 x 10-8 m2/Vs, 3.56 x 10-8 m2/Vs, and 4.95 x 10-9 m2/Vs for K+, Na+, and 

Li+, respectively, which are lower than the values previously reported from the pores of single-walled  

carbon nanotubes. 
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Preparation of polycrystalline SbSeI and its photovoltaic application 

 

Juseob Choi, Wan-In Lee* 

 
Department of chemistry and chemical engineering, Inha University, Korea 

  

Pb-based halide perovskites AMX3, which employ methylammonium lead halide (CH3NH3PbX3, X = I, Br 

or Cl) in the perovskite structure, have recently attracted much interest as new light absorber material for 

next generation solar cells. However, for the commercial application of PSC devices, the intrinsic material 

instability and the toxicity due to water soluble Pb2+ have to be overcome. Herein, we investigated an 

antimony chalcohalide compound, SbSeI, as a potential semiconductor material for Pb-free light absorbers 

of solar cells. SbSeI has a wide band gap of 1.70 eV with a density of 5.80 g/cm3, and it crystallizes in the 

orthorhombic crystal system with a one-dimensional chain structure. In this work, we synthesized 

polycrystalline antimony selenoiodide (SbSeI) powder via a solid-state reaction in evacuated Pyrex tube. 

The product was characterized by using techniques such as powder X-ray diffraction (XRD), scanning 

electron microscopy (SEM) and energy dispersive X-ray analysis (EDAX). 
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A Diatom Based Bio-inspired Nanomaterial for An Efficient Self-

Propelled Motor System 
 

Atanu Panda, Minyoung Yoon*, Gyungse Park1, Euisoo Kim, SADA VENKATESWARLU 

 
Department of Nano Chemistry, Gachon University Global Campus, Korea 

1Department of Chemistry, Kunsan National University, Korea 

  

Bio-inspired nanomaterials are of great interest because of their compatibility and and less toxicity to nature. 

Diatoms have been employed due to not only their unique structure, but also the robust skeleton comprising 

silica. Moreover, the presence of trace amount of transition metals endows versatile catalytic activity for 

various conversions. In this work, we are going to present an innovative methodology to used naturally 

occurring diatom frustules as a self-propelled motor machine after pyrolysis via bubble propulsion by 

catalytic decomposition of H2O2. For this process, the use of toxic chemicals were avoided, which allows  

green and eco-friendly methodology for the preparation nanomaterial. This natural motor shows an 

effective motion in the presence of very low concentration of H2O2 (0.8%) as a fuel. In addition, 

asymmetric pennate (bilaterally symmetrical) structure can allow unidirectional motion for the motor. The 

composition analysis of the pyrolyzed diatoms revealed the presence of transition metal elements which 

can expedite the decomposition of H2O2 fuel. Interestingly, the unidirectional motion breaking was 

observed by treatment of EDTA (ethylenediaminetetraacetic acid) that can stop the movement by 

coordination to transition metal elements. The kinetics of the H2O2 decomposition process was determined 

by conventional titration proved that the decomposition process follows a pseudo first order kinetics. A 

systematic study of these elemental showed that inherent transition metal element may play a crucial role 

for the fuel decomposition process. Details of this work will be presented. 
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Production of efficient graphitic carbon nitride-based photocatalysts 
for degradation of rhodamine B and their association with structural 

properties 
 

Dong-Gyu Lim, Sungjin Park* 

 
Department of Chemistry, Inha University, Korea 

  

Graphitic carbon nitride (g-C3N4) is a promising metal-free, low cost, and environment-friendly  

photocatalysts well suited for degradation of organic pollutants. Herein, we investigate the photocatalytic 

performance of g-C3N4–based materials and correlate it with their structural properties, using three different  

precursors (dicyandiamide, melamine, and urea) and two heating processes (direct heating at 550 oC and 

sequential heating at 300 and 550 oC) to produce the above photocatalysts. We further demonstrate that 

sequential heating produces photocatalysts with grain sizes and activities larger than those of the catalysts 

produced by direct heating and that the use of urea as a precursor affords photocatalysts with larger surface 

areas, allowing efficient rhodamine B degradation under visible light. 
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Synthesis of Silver Nanoparticles Embedded in Silver Citrate 

Nanorods by Nanoconfinement Effect and Its Antimicrobial Activity 
 

Haeun Shin, Jong Kuk Lim* 

 
Department of Chemistry, Chosun University, Korea 

  

Because our surroundings are filled with various germs, we are forced to live in contact with these bacteria. 

Healthy people’s skin prevents the invasion of these germs, but when the skin is damaged by burns, it 

begins to be colonized by these bacteria. In particular, Staphylococcus epidermidis, one of the normal flora 

in human body, is not a fatal bacteria in healthy skin, but it can easily form a biofilm in the wounded area 

and allow other bacteria to possess antibiotic resistance. Therefore, it is very important to treat the wound 

area with antibacterial dressing at an early stage. Silver nanoparticles are one of the antimicrobial materials  

that have received much attention because they are known to have a broad spectrum of different bacteria. 

Silver nanoparticles are effective antimicrobial agents, but they may also be toxic if absorbed into the body. 

In addition, if the nanoparticles disappear through the body's absorption, the antimicrobial effect in the 

wound area can no longer be expected. Because of this, many researchers have tried to create a system in 

which silver nanoparticles are embedded in a specific substrate. In this study, we present a simple method 

for synthesizing silver citrate nanorods containing silver nanoparticles, and discuss its mechanism and 

antimicrobial effect. 
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Nanoporous substrates for printing of nanomaterial inks for flexible 

electronics 
 

Veasna Soum, YUNPYO KIM, Oh-Sun Kwon, Kwanwoo Shin* 

 
Department of Chemistry, Sogang University, Korea 

  

Flexible nanoporous paper, fabric, and plastic substrate were prepared for printing of nanomaterial inks for 

fabrication of flexible electronics. The substrates were modified their surfaces by polyethersulfone (PES) 

as a thin-film coating using spin-coating and then phase inversion method. The micrometer thick coated 

layer was found to have nanoporous surface and microporous structure in its matric that each characteristic 

worked as a nanomaterial ink receiving layer and a solvent absorbing layer, respectively. Nanomaterial inks, 

silver nanoparticle (AgNP) and carbon nanotube (CNT) ink were printed on the prepared substrates using 

noncontact and contact printing method. The prepared substrates were observed their surface property, heat 

stability, wettability, and flexibility; also the printed patterns were examined on coffee ring effect, surface 

property and electrical conductivity both unbent and bent condition. The prepared flexible nanoporous 

printing substrates showed good characteristics for the printing of nanomaterial inks for flexible electronic 

applications. 
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Application of single-crystal Poly(3-hexylthiophene) (P3HT) Organic 
Field Effect Transistor for fabrication of highly sensitive ammonia gas 

sensor 
 

Jihee Hwang, Myong Mo Sung1,* 

 
Department of chemistry, Hanyang University, Korea 

1Department of Chemistry, Hanyang University, Korea 

  

Ammonia is very hazardous and toxic chemical material that should be retained below its threshold 

concentrations. Detecting ammonia gas is very important for environmental industry field in nowadays. In 

this paper, Poly(3-hexylthiophene) (P3HT) was used to fabricate OFET due to low-cost, mass production 

of lightweight, and flexibility. Single-crystal Poly(3-hexylthiophene) (P3HT) Organic Field Effect  

Transistor was applied to fabricate a highly sensitive ammonia gas sensor. The range of ammonia gas sensor 

single-crystal Poly(3-hexylthiophene) (P3HT) Organic Field Effect Transistor was generated from 0.01 to 

25 ppm. An array of single-crystal poly(3-hexylthiophene) (P3HT) nanowires were used as organic 

semiconductor(OSC) layer, of an OFET with a top-contact geometry. Several characteristics of an ammonia 

gas sensor were improved. Firstly, The electrical properties (on/off current ratio, field-effect mobility) were 

significantly enhanced as about two orders of magnitude greater than those of same P3HT thin film OFET 

with same geometry. Secondly, the sensitivity of an ammonia gas sensor was improved around three times  

higher than that of the P3HT thin film OFET at the 25ppm ammonia concentration. The relative humidity  

in a range from 45 to 100% did not effect on the ammonia response. In addition, the ammonia sensor 

response of the OFET showed reversibility. The single crystal nature and high surface/volume ratio of the 

P3HT contributed to high sensitivity of ammonia. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-484 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Long-term Antibacterial Activity of Gentamicin-Bentonite Hybrid 

Coated Film 
 

Jin Song Jung, Hyoung-Jun Kim1, Jae-Min OH1,* 

 
Department of Chemistry, Yonsei University, Korea 

1Chemistry and Department of Medical Chemistry, Yonsei University, Korea 

  

The antibiotic coating is commonly used for medical products to prevent infection of bacteria. However, 

antibiotics was easily detached from surface of medical devices. To give proper immobilizat ion, we utilized  

bentonite (BEN) as drug support. A cationic antibiotic, gentamicin (G) was intercalated into BEN by ion-

exchange reaction. X-ray diffraction patterns of antibiotic-nanoparticle hybrid (GB) showed lattice 

expansion along crystallographic c-axis, suggesting incorporation of antibiotic molecules in interlayer 

space of BEN. Fourier-transformed infrared spectroscopic results revealed that intact structure of antibiotic 

molecules was well preserved after intercalation into BEN. From elemental analysis indicated that the 

amount s of intercalated G were comparable to theoretical maximum loading amount in terms of cation 

exchange capacity of BEN. According to zeta-potential analysis, surface charge value of BEN and GB was 

changed from negative to positive charge after hybridization, which indicated surface interaction between 

BEN and G through electrostatic attraction. Through scanning electron microscope images of BEN and GB, 

we confirmed that size and morphology of GB were preserved after hybridization. Prepared GB and G were 

mixed with polyurethane (PU) binder to prepare coating suspension, respectively. Then each suspension 

was coated on PU film through drop-casting method. To figure out sustainability of G in clay support, PU 

films coated with GB or G itself were immersed in PBS during 3 and 5 days, respectively. Antibacterial 

activity was evaluated with Escherichia coli and Bacillus subtilis. The GB coated PU film showed less 

decrease of antibacterial activity than G coated PU film because BEN acted as drug support to prevent G 

from releasing. 
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High Thermoelectric Performance of Hole-doped Polycrystalline Sn1-

xPbxSe 
 

YongKyu Lee, CHUNG IN* 

 
Division of Chemical & Biological Engineering, Seoul National University, Korea 

  

Thermoelectric power generation becomes viable technology for environmentally benign and cost-effective 

conversion of waste heat into electricity. A single crystalline form of p-type SnSe has been reported to show 

an extraordinarily high thermoelectric figure of merit ZT of ~2.6 at 923 K along the crystallographic b-axis  

due to its ultralow thermal conductivity. Afterwards, polycrystalline counterparts have been intensively 

explored because of their facile processability and prospect for large scale applications. However, 

polycrystalline SnSe materials perform much inferior to their single crystals and hence developing new 

strategies of enhancing their ZTs is highly desirable for their practical applications. In this presentation, we 

discuss the effect of Pb alloying and Na doping on the thermoelectric properties of p-type SnSe. We 

demonstrate that a delicate control of the Pb alloying fraction in SnSe coupled with the optimal level of the 

carrier concentration improves electrical conductivity and Seebeck coefficient by tuning its phase change 

temperature and simultaneously lowers lattice thermal conductivity by alloy scattering at 773 K. Such a 

synergistic role of Pb alloying for the power factor and the lattice thermal conductivity enables a 

significantly high ZT of 1.2 at 773 K. To better understand the origin of its enhanced thermoelectric  

performance, the results of atomic resolution spherical-aberration corrected scanning transmission electron 

microscopic studies will be given.Ref) J. Am. Chem. Soc. 139, 31, 10887-10896 
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Enhanced Water dispersibility of Carbon Nitride Nanodots Using 

PEGylation and Bioimaging Application 
 

Sunghee Park, Sungjin Park* 

 
Department of Chemistry, Inha University, Korea 

  

In this work, we incorporated short chain polyethylene glycol (PEG) groups onto carbon nitride network 

by the simple N-alkylation of hexaethylene glycolic mesylate with nucleophilic nitrogen atoms on oxidized  

carbon nitride (OCN). Fluorescent materials in the cells needs well water dispersibility, and biocompatible 

imaging probes The PEGylated OCN (PEG-OCN) was well dispersed in water as nanodots with ~30 nm of 

lateral dimension and 0.5 – 1.2 nm of thickness, and showed strong photoluminescence in the visible region. 

Cell viability testing confirmed that these “heavy metal free” organic nanodots were highly biocompatible 

and noncytotoxic. In particular, the developed nanodots could provide clear confocal images of RAW 264.7 

cells without weakening cell activity and displaying any aggregation at a range of concentrations (25 – 100 

µg/mL) with bright green-emission in the cytoplasm. 
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Synthesis and thermoelectric Properties of AgPbBiS3 

 

Jaeho Lee, CHUNG IN* 

 
Division of Chemical & Biological Engineering, Seoul National University, Korea 

  

AgPbBiS3 is a member of sulfosalt minerals. It appears to be promising for thermoelectric applications 

because of its complex chemical composition, high symmetry of cubic structure, and low electronic band 

gap. However, its pure synthesis and thermoelectric properties have not been well established. In this 

presentation, we discuss the synthesis of pure phase of AgPbBiS3 by high-temperature solid-state reaction 

as well as its structural chemistry, spectroscopic analyses, and thermoelectric transport properties such as 

electrical conductivity, Seebeck coefficient, and thermal conductivity. AgPbBiS3 is a n-type semiconductor 

with a relatively low band gap at 0.74 eV. It crystallizes in the rock-salt type structure, where Ag, Pb, and 

Bi atoms are randomly disordered in the cationic site and S atom is exclusively distributed at the anionic 

site. Such a structural characteristic results in the low lattice thermal conductivity of ~0.67W/mK and 

consequent a maximum thermoelectric figure of merit ZT of 0.36 at 828K for dense pellelts of AgPbBiS3 

prepared by spark plasma sintering. 
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High thermoelectric performance of new n-type SnSe 

 

Joonil Cha, CHUNG IN* 

 
Division of Chemical & Biological Engineering, Seoul National University, Korea 

  

SnSe emerges as a new class of thermoelectric materials since its single crystal form exhibits a record high 

thermoelectric figure of merit ZT. Because thermoelectric devices consist of numerous pairs of n- and p-

type TE semiconductors, it is necessary to develop both types of materials with high efficiency. In contrast 

to p-type SnSe materials, their n-type counterparts have been underdeveloped and perform poorer than the 

former. Here we present the highest ZT reported to date of ~1.2 for n-type polycrystalline SnSe systems. 

Importantly, we are able to achieve comparable ZT along the parallel and perpendicular to the press 

direction of spark plasma sintering despite highly anisotropic layered structure of SnSe by developing 

different fabrication processes specialized for both the directions. Spherical-aberration corrected scanning 

transmission electron microscopic studies reveal the presence of a significant amount of edge dislocations 

and strain fields, contributing to reducing lattice thermal conductivity. 
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Synthesis of single crystalline graphene quantum dots and its 

application to light-emitting diodes 
 

Seok Hwan Lee, O Ok Park* 

 
Dept. of Chemical Biomolecular Engineering, Korea Advanced Institute of Science and Technology, 

Korea 

  

Graphene-based carbon nanostructure with sub micrometer-sized have been of great interests due to 

existence of unique electronic properties. For example, quantum confinement, bandgap theory and more of 

that from conventional semiconductor nanostructure studies can be applied into sub micrometer-sized  

graphene structure. Especially, existence of bandgap on graphene nanostructure bring a lot of attention. The 

edge states of graphene nanostructure are predicted to origin of bandgap but direct observation of well-

ordered edge structure and uniform synthesized graphene –including hexagonal shaped structure- has not 

yet been achieved owing to the limited precision of current synthesis approaches. Here, we report on a 

novel approach not just for the synthesis single-crystalline graphene quantum dots (GQDs) but also a new 

discovery that constructing graphitic carbon structure from carbohydrates molecule via solution chemistry. 

As synthesized GQDs were found to have clear hexagonal edged structure, which has never been observed 

in bottom up synthetic route. Furthermore, single crystalline GQDs used as an emitter on inverted structure 

light emitting diodes, and exhibits stable deep-blue emission. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-490 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Fabrication of Electrically Conducting and Thermoelectric 

Polymer/Carbon Nanotubes composite Aerogels 
 

Gyung Hyun Yoon, O Ok Park1,* 

 
Department of Chemical and Biomolecular Engineerin, Korea Advanced Institute of Science and 

Technology, Korea 
1Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of Science and 

Technology, Korea 

  

Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDOT:PSS) is one of the most excellen t  

conducting polymer as well as thermoelectric polymer due to good water solubility , flexibility, economic 

and commercial availability. Furthermore, carbon nanotube (CNT) is also one of the high conducting 

materials. In this paper, we present the characterization of PEDOT:PSS /CNT nanocomposite aerogels 

fabricated via an easy and reproducible freeze–drying method adding crosslinking agents, such as 

glycidoxypropyl trimethoxysilane (GOPS). For fabrication of the aerogel, freeze-drying method is used 

from dispersed PEDOT:PSS/CNT solution. After crosslinking process at 140℃, the nanocomposite 

aerogels are successfully formed. These nanocomposite aerogels show better electrical conductivity and 

thermoelectric effect than those of pristine PEDOT:PSS aerogels due to embedding CNTs into PEDOT:PSS 

matrix. Moreover, by combining PEDOT:PSS and nanofibrillated cellulose (NFC), mechanical property of 

aerogels is enhanced. Therefore, this work demonstrates that the electrical property of PEDOT:PSS 

aerogels can be improved by adding CNT with facile method. 
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Cathodic electrodeposition of highly ordered nickel oxide 

nanoparticles on nickel foam for high performance supercapacitors 
 

THOMAS NESAKUMAR JEBAKUMAR IMMANUEL ED, Yong Rok Lee* 

 
Division of Chemical Engineering, Yeungnam University, Korea 

  

In this work, highly ordered nickel oxide nanoparticles were electrochemically synthesized on nickel foam 

(NiOx NPs/Ni foam) via the formation and subsequent heat treatment of nickel hydroxide. The synthesized 

NiOx NPs were characterized using Fourier transform infrared (FT-IR) spectroscopy, X-ray diffraction  

(XRD), field emission scanning electron microscopy (FE-SEM) with energy dispersive spectrum (EDS), 

Elemental mapping and high resolution transmission electron microscopy (HR-TEM). The XRD results 

revealed the presence of two different oxide phases with high crystallinity. The synthesized NiOx NPs were 

highly ordered spherical morphology with average size of 7 nm, identified from the FE-SEM images. 

Further, the supercapacitor performance of synthesized NiOx NPs/Ni foam was analyzed in 2 M aqueous 

KOH. The supercapacitor activities of NiOx NPs/Ni foam were evaluated using cyclic voltammetry (CV), 

electrochemical impedance spectroscopy (EIS) and galvanostatic charge discharge (GCD) methods. The 

results imply that the NiOx NPs/Ni foam as a better binder-free, highly stable material for high performance 

supercapacitor applications. 
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A new family of n-type Bi2Te3-based thermoelectric materials 

unusually driven by divalent alkali earth metal doping 
 

Sejin Byun, CHUNG IN1,* 

 
Chemical and biological engineering, Seoul National University, Korea 

1Division of Chemical & Biological Engineering, Seoul National University, Korea 

  

Thermoelectric technology enables direct and reversible conversion between heat and electricity, thereby a 

promising means of sustainable power generation via waste heat harvesting. Bi2Te3-based thermoelectric  

materials are commercially available and the most efficient system operating near room temperature. 

However, it is difficult to stabilize their n-type materials with high conversion efficiency because few 

effective dopants and substituents on these systems have been developed. To address this important issue, 

we discuss our synthesis of a new family of the n-type Bi2Te3-based system by doping alkali earth metals  

(AE = Mg, Ca, Sr, Ba), namely, AExBi2-xTe3 (0≤x≤0.02) and the unusual n-type doping effect of alkali 

earth metal Bi2Te3. AE doping markedly enhances carrier concentrations and electrical conductivities 

without significantly sacrificing Seebeck coefficients, resultantly improving power factors. It also 

simultaneously reduces thermal conductivities due to point defect scattering of heat-carrying phonon. 

Optimizing the carrier concentration via AE doping boosts thermoelectric figure of merit (ZT) to ~0.8 at 

350K for Mg0.01Bi1.99Te3 from ~0.4 for pristine Bi2Te3 at the same temperature. 
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Characteristics of amine loaded mesoporous silica materials having a 

high CO2 adsorption properties 
 

Yeon Mi Lee, Jae Young BAE* 

 
Department of Chemistry, Keimyung University, Korea 

  

Mesoporous silica materials that have a high specific surface areas and a large pore were prepared by sol-

gel method using poly(ethyleneglycol)-block-poly(propyleneglycol)-block-poly(ethyleneglycol)(P123) as 

a template and tetraethylorthosilicate(TEOS) as a precursor. Amine loaded mesoporous silica were 

prepared by impregnation methods using tetraethylenepentamine(TEPA) as an amine source. In this study, 

for confirming to relation between CO2 adsorption property and amine contents, we performed experiments  

in various amine contents condition on mesoporous silica. The materials were characterized by using 

FourierTransform-Infrared spectroscopy (FT-IR), N2-sorption, Thermogravimetric analysis (TGA), X-ray  

Diffraction (XRD), Transmission Electron Microscopy (TEM) and Gas Chromatography (GC) analysis. As 

an amine contents is increased, CO2 adsorption tends to increase. When the amount of amine was over 

particular concentration, there was no change in CO2 adsorption. 
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Pb-free metal halide perovskite materials: exceptionally enhanced air 

stability by chemical doping 
 

MYEONGJEONG LEE, CHUNG IN* 

 
Division of Chemical & Biological Engineering, Seoul National University, Korea 

  

Lead-based metal halide perovskite solar cells exhibit the power conversion efficiency close to 20%. 

However, the toxicity of lead, a key component in perovskite solar cells, can be a barrier for 

commercialization of this technology. Alternatively, Sn-based metal halide perovskite compounds are a 

promising eco-friendly candidate because they show interesting physical properties and structural diversity. 

However, their sensitivity to air critically restricts their practical applications. In this presentation, we 

introduce that the air-stability of Sn-based perovskite materials can be exceptionally enhanced by the 

selective chemical doping. The chemical doping inhibits their unfavorable and spontaneous phase transition 

path from the perovskite to the non-perovskite structure. The doped perovskite material maintains its 

structure longer than a week in contrast to the pristine that fully deforms in 12 hours under the ambient  

condition. We also demonstrate unusually large shifts in energy gaps upon the chemical doping for Sn-

based perovskite materials, in striking contrast to the Pb-based counterparts. These findings can help 

enhance the air-stability and finely tune the optical properties of Sn-based perovskite materials for various 

applications. 
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Pd nanodot decorated MoS2 on glass for Solar-light induced Suzuki-

Miyaura C-C coupling catalyst 
 

Taejun Han, Hyeon Ho Shin, DONGKWON LIM* 

 
KU-KIST Graduate School, Korea University, Korea 

  

In this work, we prepared Pd nanodot decorated MoS2 monolayer sheet on the glass for Sun-light induced 

Suzuki-Miyaura reactions. Pd(ll) bound selectively on MoS2 and formed nanodots. Pd(ll) MoS2 is a 

superior photocatalyst to Pd(0)-coated MoS2. Furthermore, the darkfield image including other types of 

data demonstrates the apparent difference in characteristics between Pd(ll)-coasted MoS2 and Pd(0)-coated 

MoS2. Mechanical studies would be proceeded to explain that this higher catalytic effect is derived from 

more electron-hole pair generation of MoS2 with Pd(ll) than MoS2 with Pd(0) under sunlight. 
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One-pot green synthesis of N-doped carbon dots for bioimaging and 
TiO2 nanoparticles@N-doped carbon for the degradation of organic 

dye 
 

Atchudan Raji, Yong Rok Lee* 

 
Division of Chemical Engineering, Yeungnam University, Korea 

  

Titanium dioxide nanoparticles distributed nitrogen-doped carbon (TiO2 NPs@C) nanocomposite along 

with nitrogen-doped carbon dots (N-CDs) were synthesized by a simple hydrothermal method. The 

synthesized materials were systematically characterized by various physicochemical techniques including 

X-ray diffraction (XRD), attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectroscopy, 

field emission scanning electron microscopy (FESEM) with energy-dispersive X-ray (EDX) spectroscopy, 

high-resolution transmission electron microscopy (HRTEM), X-ray photoelectron spectroscopy (XPS), 

Raman spectroscopy, ultraviolet-visible (UV-vis) spectroscopy, and fluorescence spectroscopy. Anatase 

TiO2 NPs with a mean size of 5 nm were anchored on the surface of carbon framework in the TiO2 NPs@C 

nanocomposite and the prepared nanocomposite enhances the photocatalytic performance towards 

methylene blue (MB)-degradation under UV-light irradiation. The degradation efficiency of synthesized 

TiO2 NPs@C nanocomposite is about 90% when extending the irradiation time to 40 min with a rate 

constant of 0.0593 min−1. The rate constant of synthesized TiO2 NPs@C nanocomposite is 5 times higher 

than that of bare TiO2 NPs on MB degradation. The augmentation of photocatalytic activity of TiO2 

NPs@C nanocomposite was attributed to the synergetic effect between TiO2 NPs and nitrogen-doped 

carbon structure. In addition, the obtained N-CDs exhibit a uniform dispersion and a relatively narrow size 

distribution with an average diameter of 4 nm. The N-CDs were utilized as a powerful in-vitro fluorescent 

probe for the detection of cells in the biological system due to its excellent water dispersibility and 

autofluorescence with good biocompatibility. Moreover, the economic natural green source was involved 

for the synthesis of TiO2 NPs@C nanocomposite and N-CDs which is an alternate for other traditional 

carbon-based metal oxides photocatalyst for organic dye degradation and alternate for fluorescent 

semiconducting quantum dots for cell imaging. 
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Ab initio calculations for application of Boron-rich Boron Nitride 

Nanotubes for CO and NO adsorbents 
 

Hyeonhu Bae, Heechol Choi1,* 

 
School of Physics, Konkuk University, Korea 

1Plasma Technology Research Center, National Fusion Research Institute, Korea 

  

An air pollutant cause serious respiratory disease and other health problems for human. Anthropogenic 

activity, especially transportation industry emits nearly 50% of all air pollutant. And carbon monoxide (CO) 

and nitrogen oxides (NOx) make up the greatest portion in the exhaust. Ab initio calculations based on the 

density functional theory (DFT), for boron-rich boron nitride nanotubes (BN-BNNT) as a pollutant 

adsorbent, were performed at hybrid functional level. The result shows the BN-BNNT are highly suitable 

for CO or NO adsorbent with higher binding energy than atmospheric gas molecules, O2 and N2. Also our 

calculation predicts this functionalized structure could be easily applied without diameter-specific  

purification process because it has no radial dependences. 
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Ni-O4 species immobilized on N-doped graphene-based materials at 

molecular level as electrocatalysts for oxygen reduction reaction 
 

DAWOON JANG, Sujin Seok, Sungjin Park* 

 
Department of Chemistry, Inha University, Korea 

  

The generation of molecular active species on the surface of nano-materials has become promising routes 

to produce excellent electrocatalysts. Development of cost-effective catalysts with high performances for 

oxygen reduction reaction (ORR) is an important challenge for fuel cell applications. In this work, we report 

a novel hybrid produced by room-temperature solution processes using Ni-based organometallic molecules 

and N-doped graphene-based materials. Chemical and structural characterizations reveal that Ni-containing  

species are well-dispersed on the surface of graphene network as molecular entity. The hybrid materials as 

an ORR electrocatalyst showed excellent performances in alkaline media, such as high onset potential of 

0.87 V (vs. RHE) and half-wave potentials, four electron selectivity, and superior durability and methanol 

tolerance. 
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Concomitant collection and desalting of neuropeptides on a donut-

shaped surface patterns for MALDI mass spectrometry 
 

Sook Yoon, Chang Young Lee* 

 
Ulsan National Institute of Science and Technology, Korea 

  

Signaling peptides have been known to have important role in the physiological mechanisms. Currently  

available approaches for analyzing peptides have drawbacks such as loss of peptides and complicated steps 

for sample preparation. We developed an efficient platform for mass analysis of neuropeptides. Drop-

drying a droplet of neuropeptides dissolved in artificial seawater on a pattern surface pushed the crystallized 

salts toward the edge via coffee ring effect as the water evaporated, while irreversibly collecting peptides 

on the central C18-terminated gold region via hydrophobic interaction. The approach enabled detection of 

10 fmol bradykinin by matrix-assisted laser desorption ionization mass spectrometry (MALDI-MS) without 

additional steps for preconcentration or desalting. The peptides concentrated at the central region was 

confirmed by mass spectrometry imaging. Letting the droplet evaporate in ambient conditions gave the best 

results, whereas increasing the adsorption time in a humidified condition significantly decreased the surface 

coverage of peptides. A simple kinetic model, as well as control experiments, confirmed that such 

dependence on the evaporation rate was caused by the accelerated desorption of peptides at high ionic 

strength. The surface patterns can be regenerated multiple times by rinsing off the peptides. Our approach 

for the one-step collection and desalting of neuropeptides greatly simplifies the sample preparation for 

MALDI-MS. 
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Fabrication of cathode materials based on V2O5/reduced graphene 

oxide composites for Li-ion battery 
 

Won Gi Hong, Sang Moon Lee, Jin Bae Lee, Hae Jin Kim* 

 
Korea Basic Science Institute, Korea 

  

Vanadium pentoxide has been attractive due to its relatively high theoretical capacity of 294 mAh/g and 

layered crystal structure as a host for reversible Li+ intercalation/de-intercalation1. Herein, we show that 

the reduced graphene oxide/V2O5 nanobelts (rGOVONB) are a promising candidate for cathode material 

of high performance Li-ion batteries (LIBs). The rGOVONB were synthesized by microwave-assisted 

hydrothermal method followed by thermal annealing under nitrogen atmosphere at variable temperatures 

(573, 673, and 773K). One-dimensional V2O5 nanobelts were formed in the presence of graphene oxide 

(GO), which also enhanced the conductivity of rGOVONB. GO played a significant role as a mild oxidizing  

agent for the formation of nanobelts. The existence of rGO into the layered V2O5 crystal structure was 

confirmed by electron energy loss spectroscopy (EELS) analysis. The point EELS spectrum clearly showed 

the strong carbon signal. The electrochemical properties of rGOVONBs as cathode materials were 

investigated for LIBs. The rGOVONB annealed at 773 K exhibited a high capacity of 225mAh/g at a current 

density of 40mA/g and showed better electrochemical performance with a capacity of 137mAh/g after 

70cycles at the current density of 800 mA/g in comparison to the other rGOVONBs and the pristine 

materials. This study provides a simple and efficient route for 1D cathode materials through a microwave-

assisted hydrothermal method. 
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Organic-inorganic nanolaminated thin films as gas diffusion barrier 

for organic light emitting diode 
 

Jinseon Park, Myong Mo Sung* 
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This work presents a novel barrier thin film based on an organic−inorganic nanolaminate, which consists 

of alternating nanolayers of self-assembled organic layers (SAOLs) and Al2O3. The SAOLs-Al2O3 

nanolaminated films were deposited using a combination of molecular layer deposition and atomic layer 

deposition techniques at 80 °C. Modulation of the relative thickness ratio of the SAOLs and Al2O3 enabled 

control over the elastic modulus and stress in the films. Furthermore, the SAOLs-Al2O3 thin film achieved 

a high degree of mechanical flexibility, excellent transmittance (>95 %), and an ultralow water vapor 

transmission rate (2.99 × 10−7 g m−2 day−1), which represents one of the lowest permeability levels ever 

achieved by thin film encapsulation. On the basis of its outstanding barrier properties with high flexibility  

and transparency, the nanolaminated film was applied to a commercial OLEDs panel as a gas-diffusion 

barrier film. The results showed defect propagation could be significantly inhibited by incorporating the 

SAOLs layers, which enhanced the durability of the panel. 
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Improvement of thermal properties of 2D-MXene(Ti3C2) nano 

composite using CNT 
 

Hye Rim Kim, Daesin Kim, Sangho Cho1,* 
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1Korea Institute of Science and Technology, Korea 

  

Mxene group, which consists of transition metal carbides or/and nitrides, has been paid attention to as a 

new 2D material. In contrast to most other 2D materials, MXene has hydrophilic surfaces (-O, -OH, -F) 

due to its wet chemical etching and possess metal-like conductivities (~5000S/cm). However, low thermal 

conductivity of Mxene has limited in many application such as electronic devices. Herein, we chose Ti3C2Tx 

among MXene family, adapted hybrid system with CNT and showed higher value of thermal properties 

than that of pristine Mxene, while Mxene maintained their original properties. 
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PREPARATION OF TIN SULFIDE THIN FILMS BY METAL 

ORGANICCHEMICAL VAPOR DEPOSITION USING Sn(dmamp)2 
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Tin (II) sulfide (SnS) is a promising candidate to replace current thin film light absorbingmaterials in 

photovoltaics. SnS has a moderate band-gap (1.1-1.3 eV) and high absorptioncoefficient. SnS thin films  

have been prepared by metal organic chemical vapor deposition(MOCVD) from the reaction of 

Sn(dmamp)2 and H2S gas as the source materials. Themolecular structure of Sn(dmamp)2 is shown in fig. 

1. SnS films were deposited on Si andglass substrates at the deposition temperature of 200-400 ℃. Post 

annealing of SnS thin filmswas carried out at 400 ℃ for 1 h under the H2S ambient. Hall measurement  

using van derPauw method indicate that the film has a p-type conductivity with a hole mobility of 

13cm2/V·s. Raman spectroscopy and x-ray photoelectron spectroscopy results show that SnSthin film has 

no impurities or other binary phase detected inside the films. 
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Surface modification of MXene Using Alkyl phosphonic acids 
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MXene group, which contains metal carbides or/and nitrides, is a new 2D material. Among them, Ti3C2Tx 

has showed good metallic conductivity and mechanical properties. So Ti3C2Tx has researched for many 

applications(energy storage, electromagnetic interference shielding material, electrocatalysis and etc.). 

However, since the MXene has a hydrophilic surface, it is not only dispersed in the aqueous phase but also 

has problems of storage due to oxidation and degradation, and application of various processing techniques. 

Here we showed surface modification of the MXene from hydrophilic to hydrophobic for using 

Alkylphosphonic acids. The modified Mxene showed dispersion stability in organic solution and can be 

applied to many processing techniques easily. 
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18.4%-efficient heterojunction Si solar cells using optimized ITO/top 

electrode 
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We optimized the thickness of a transparent conductive oxide (TCO) layer, and applied a micro-scale, 

mesh-pattern metal electrode to prevent efficiency degradation due to current loss caused by the TCO layer 

and top electrode of an a-Si/c-Si heterojunction solar cell. A solar cell equipped with a micro-grid metal 

electrode demonstrated a high short-circuit current density (JSC) of 40.1 mA/cm2, and achieved high 

efficiency of 18.4% with an open-circuit voltage (VOC) of 618 mV and a fill factor (FF) of 74.1%. When 

compared with conventional bus/finger bar electrodes, the micro-gird metal electrode improved JSC by more 

than 10% via a shortened carrier path length and a decreased electrode area (more than 50%). Furthermore, 

by optimizing the process sequence for electrode formation, we could effectively restore the reduction in 

VOC that occurs during the micro-grid metal electrode formation process. This work is expected to become 

a fundamental study that can effectively improve current loss in a-Si/c-Si heterojunction solar cells through 

the optimization of transparent and metal electrodes. 
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SERS activity of Ultrahigh-Density Tunable Au Nanoparticle Cluster 

Arrays for Tip-blobbed Au Nanoframe Structures 
 

Hajir Hilal Khaleel Al Hammad, Sungho Park* 
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The Au nanoframes have attractive considerable interest due to their unique optical properties especially 

strong surface plasmon resonate (SPR) and tunable optical signal by changing their aspect ratio comparing 

to Au solid NPs. The Au nanoframes are excellent building blocks for SERS substrates in that they provide 

intraparticle hotspots, which leads to superior SERS activity compared with Au solid NPs. We synthesized 

Tip-blobbed Au nanoframe (TBNFs). By adding Au ions to Pt nanpframe, Au ions will deposited on tip 

sites of Pt nanoframe due to Au-Pt lattice mismatch is higher than Au-Au lattice mismatch. By using Pt 

nanoframe as a templets , we could obtained different rim thickness of TBNFs in the wavelengths 

( 700nm~1000nm ), This close degree between surface plasmon resonance peak and excitation wavelength 

of SERS dominate the SERS activity. Herein, we compare surface enhancement Raman scattering (SERS) 

enhancement of hotspot at Ultrahigh-Density Tunable Cluster Arrays which referee to hotspot at single 

particle, Dimers, Trimers and Hexamers arrays of Au nanoframe. For light polarization perpendicular to 

the Dimers, Trimers and Hexamers axis, the resonance is sensitive to hole distance, when metal NPs are 

assembled and closed to each others different plasmonic modes interact by near-field coupling as a result 

of the limitation and transfer of the electromagnetic field energy, which means including near-field  

interactions from inter-particles in the clusters and far-field interaction from inter-clusters in the arrays. 

Due to the optical structure and arbitrary nanoparticles design these NPs cluster arrays had important 

application in many fields, such as sensors, photoelectric device, magnetic storage device and biointerfaces. 
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Direct Fabrication of Flexible Ni Micro-Grid Transparent Conducting 

Electrode via Electroplated Metal Transfer 
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School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology, Korea 

  

We developed a cost-effective fabrication process using a reusable Si master mold for fabricating a flexib le 

metal microgrid transparent conducting electrode (TCE). The flexible metal microgrid TCE can be simply  

produced via metal electroplating on the master mold and subsequent metal transferring onto the flexible 

polymer substrate. In particular, Nickel (Ni), which is generally known as a cost-effective metal, was used 

as a material for the TCE. Therefore, low-cost fabrication was accomplished due to not only easy fabrication 

process but also using an inexpensive material. The fabricated flexible Ni microgrid TCE exhibited  

excellent optical and electrical properties (sheet resistance of 6.1 Ω/□ at 96% transmittance), and showed 

outstanding mechanical flexibility with no significant change of sheet resistance after 1000 bending cycles 

at a bending radius of 2 mm. Furthermore, we demonstrated a touch screen panel (TSP) with the Ni 

microgrid TCE to confirm its practical suitability, and the fabricated TSP was operated successfully. 

Therefore, we expect that the proposed flexible Ni microgrid TCE has rapid commercialization possibilities 

due to high optoelectronic performance with just using cost-effective material and facile fabrication process. 
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Nitrogen-doped hollow carbon spheres with highly graphitized 
mesoporous shell electro catalysts for oxygen evolution reaction 

 

Min Young Song, Hae Jin Kim1,* 
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1Korea Basic Science Institute, Korea 

  

There is a growing interest in search for new catalysts to enhance the activity and kinetics of oxygen 

evolution reaction(OER) as well as oxygen reduction reaction (ORR). Up to now, Ru and Ir metals and 

oxides haveshown the best OER performance, but their high cost and poordurability severely hinder their 

commercial applicability.Therefore, it is highly desirable to develop an efficient and low-cost OER catalyst 

to replace the precious metal-based catalysts. In this study, N-doped hollow mesoporous shell carbon (N-

HMSC) is prepared as a uniform model electrocatalyst by a simple template nanocasting using Fe 

phthalocyanine (FePc) as a single precursor for carbon, N, and Fe. It is found that the presence of Fe in N-

HMSC leads to the efficient graphitization of N-HMSC structure, which can be beneficial for 

electrocatalytic oxygen evolution reaction(OER). Interestingly, it is observed that Fe is a must for the 

preparation of high efficient catalyst, but may not be necessary for OER. 
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Metal oxide nanoparticles embedded in a porous carbon matrix as a 

high-performance anode for Li-ion batteries 
 

You Na Ko, Hae Jin Kim* 
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The metal oxide-based materials are expected to be applied to anode material for Li-ion battery because of 

their high theoretical capacity. However, the metal oxides undergo a large volume change when they react 

with lithium ions. As the charge and discharge process continues, deterioration of the battery characteristics 

is occurred such as capacity fading causing by pulverization of electrode. Accordingly, research for 

developing electrode materials with high capacity and stable cycle properties even at a fast charge and 

discharge rate is considered to be important. In order to improve the characteristics of the electrode material, 

studies have been actively carried out to improve the electrochemical properties by reducing the lithium 

ion and electron transport distance by applying the electrode material with controlled nanostructure, and by 

improving the electrical conductivity and alleviating the volume change through the formation of composite 

with various carbonaceous materials.In this research, tin oxide nanoparticles embedded in a porous carbon 

matrix were synthesized and applied as anode material for Li-ion batteries. The synthesized composite had 

excellent electrochemical properties due to the advantages of the nanostructure capable of reducing the 

lithium ion diffusion and electron transfer distance, and the advantage of the carbon composite capable of 

alleviating volume change during cycling and improving electrical conductivity. 
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Cold Isostatic-Pressured Silver Nanowire Electrodes for Flexible 

Organic Solar Cells via Room-Temperature Processes 
 

Ji Hoon Seo, Inchan Hwang, Kangmin Lee, JEONGHWAN PARK, KWANYONG SEO* 

 
Energy Engineering, Ulsan National Institute of Science and Technology, Korea 

  

Transparent conducting electrodes (TCEs) are considered to be an essential structural component of flexib le 

organic solar cells (FOSCs). Silver nanowire (AgNW) electrodes are widely used as TCEs owing to their 

excellent electrical and optical properties. The fabrication of AgNW electrodes, has faced challenges in 

terms of forming large uniform interconnected networks so that high conductivity and reproducibility can 

be achieved. In this study, we demonstrate a simple method for creating an intimate contact between 

AgNWs that uses cold isostatic pressing (CIP). This method increases the conductivity of the AgNW 

electrodes, which enables the fabrication of high-efficiency inverted FOSCs that have a power conversion 

efficiency of 8.75% on flexible polyethylene terephthalate (PET) with no short-circuiting occurring as the 

CIP process minimized the surface roughness of the AgNW electrode. This allowed us to achieve 100% 

manufacturing yield of FOSCs. Furthermore, these highly efficient FOSCs have been proven to only be 

2.4% less efficient even for an extreme bending radius of R   1.5 mm, compared with initial efficiency. 
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In Vivo Feasibility Study of Nerve Regeneration with Carbon 

Nanotube-coated Polydimethylsiloxane Film 
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Carbon nanotubes (CNTs), with their unique and outstanding properties, such as strong mechanical strength 

and high electrical conductivity, have become very popular for the repair of tissues, particularly for those 

requiring electrical stimuli. Polydimethylsiloxane (PDMS)-based elastomers have been used in a wide 

range of biomedical applications because of their optical transparency, physiological inertness, blood 

compatibility, non-toxicity, and gas permeability. In present study, most of artificial nerve guidance 

conduits (ANGCs) are not transparent. It is hard to confirm the position of two stumps of damaged nerve 

during nerve surgery and the conduits must be cut open again to observe regenerative nerves after surgery. 

Thus, a novel preparation method was utilized to produce a transparent sheet using PDMS and multi-walled  

carbon nanotubes (MWNTs) via printing transfer method. Characterization of the PDMS/MWNT (PM) 

sheets revealed their unique physicochemical properties, such as superior mechanical strength, a certain 

degree of electrical conductivity, and high transparency. Characterization of the in vitro and in vivo 

usability was evaluated. PM sheets showed high biocompatibility and adhesive ability. In vivo feasibility 

tests of rat brain tissue and sciatic nerve revealed the high transparency of PM sheets, suggesting that it can 

be used in the further development of ANGCs.Keywords: transparent sheet, carbon nanotube, 

polydimethylsiloxane, cell adhesion, neuronal cell culture 
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Growth and Characterization of Chemical Vapor Deposition-grown 

MoS2 using MoO3 spin coating 
 

Youngho Song, Sang-Yong Ju* 
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Monolayer molybdenum disulfide (MoS2) has been drawing large attention as a candidate for next  

generation nanomaterial owing to its direct bandgap and large exciton binding energy which is suitable for 

optoelectronic applications such as filed effect transistors and sensors. Chemical vapor deposition (CVD) 

has been widely used method for the growth of MoS2, because of its advantages that it can easily gain large 

scale MoS2 grains. Despite many advances in growth methods, facile CVD method to prepare monolayer 

MoS2 is still developing. In this study, we report the CVD growth of monolayer MoS2 grain by spin coating 

molybdenum trioxide (MoO3) dispersion with sodium cholate as an adhesion promoter to the substrate prior 

to the growth. The MoO3-coated substrate was placed on the center of the furnace to grow MoS2 in the 

presence of sulfur supplied by argon as carrier gas. By controlling the growth temperature from 650 to 800 
oC and growth time from 10 to 50 min, we sought to find the best condition for the growth. This method 

preferentially produced triangular MoS2 grain whose size, layer number, and excitonic behavior have been 

characterized by various characterization methods. 
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In vivo compatibility study on chitosan-hydroxyapatite composite film 

depending on degree of deacetylation 
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Chitosan is one of promising polymers for applications in various fields. However, despite diverse research 

studies conducted on its biocompatibility, its uses are still limited. The main factor that can affect its 

physical, chemical and biological properties is the degree of deacetylation (DOD), which represents the 

proportion of deacetylated units in the polymer. In this article, the in vivo biocompatibility of chitosan-

hydroxyapatite composite films composed of chitosan with different DOD values was investigated by 

traditional biological protocols and novel optical spectroscopic analyses. The DOD of the chitosan was 

estimated and calculated by Raman spectroscopy, Fourier transform infrared spectroscopy, and proton 

nuclear magnetic resonance spectroscopy. The chitosan with the higher DOD induced a higher incidence 

of inflammation in skin cells. The amino group density, biodegradability, and crystallinity of chitosan are 

three possible factors that need to be considered when determining the biocompatibility of the films for in 

vivo application, since they led to complicated biological results, resulting in either better or worse 

inflammation even when using chitosan products with the same DOD. This basic study on the relationship 

between the DOD and inflammation is valuable for the development of further chitosan-based researches. 
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Scalable synthesis of Sb2Se3-xSx (0 ≤ x ≤ 3) solid-solution nanofibers via 

a new topochemical reaction from K2Sb8Q13 and their themoelectric 
transport properties 

 

Hyungseok Lee, Joonil Cha, CHUNG IN* 
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Sb2Q3 (Q = S, Se) compounds are promising for photovoltaic and thermoelectric applications. Although 

low-dimensional synthesis for them has been developed well, it is still challenging to synthesize their 

ternary solid-solution nanostructure in a large scale. In this presentation, we introduce a new scalable 

method to synthesize single crystalline Sb2Se3-xSx (0 ≤ x ≤ 3) nanofibers with capability of controlling 

compositions and tuning optical band gaps. Under a surfactant-free, facile solvothermal reaction condition, 

Sb2Se3-xSx nanofibers are topochemically obtained from K2Sb8Q13. This new soft chemistry method 

provides controllability for the diameters of Sb2Se3-xSx nanofibers by changing reaction conditions. The 

resulting Sb2Se3-xSx nanofibers has highly anisotropic transport properties, for example, thermal 

conductivity compared to their bulk counterparts. 
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Template-free synthesis mechanism of magnetic nanorods containing 

ordered mesocages 
 

Hui Wu, Jaebeom Lee1,* 
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Mesoporous magnetite nanorods are attractive in various research fields. Here, template-free synthesis of 

magnetic nanorods containing ordered mesocages is reported, which achieves using anisotropic 

nanomaterial precursors under a temperature and process time-dependent reducing protocol. It solved 

effectively the formation of nanorods and ordered mesocages concurrently. A plausible mechanism for the 

formation of unique ordered mesocages nanostructures was proposed, where the dissolution and 

recrystallization accompanied by water molecules evaporation and migration during the crystallization  

might be crucial factors. 
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Synthesis of LTA Zeolites with Controlled Crystal Sizes for Selective 

Removal of Radioactive Ions 
 

Suyeon Yu, Seungdon Kwon, Kyungsu Na* 
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LTA zeolites with various crystal sizes were synthesized by hydrothermal synthesis method, wherein  

various synthetic variables were carefully controlled. More specifically, effect of pH was investigated by 

controlling the relative ratio of tetramethylammonium hydroxide and sodium hydroxide in the synthesis gel 

composition. In addition, effects of aging time, synthesis time and hydrothermal temperature were also 

investigated profoundly. The resultant LTA zeolites were characterized with X-ray diffraction and scanning 

electron micrograph analyses. The results show that the variation of synthetic parameters enables systematic 

control of LTA zeolite crystal sizes with uniform distributions: 75±20 nm, 90±27 nm, 110±20 nm, 150±26 

nm, 245±30 nm, 500±22 nm, 1.5 μm±350 nm and 3 μm±540 nm. The series of LTA zeolites with controlled 

crystal sizes is ion-exchanged to Na+-form, which is typically known as NaA zeolites with LTA framework 

structure having pore aperture size of 4 Å. These zeolites were further investigated in the selective removal 

of radioactive ions such as Cs+ and Sr2+ from the sea water. Depending on the crystal sizes of LTA zeolites, 

the adsorption kinetics and quantities were changed. The details of synthesis of LTA zeolites with  

controlled sizes and application in pollutant removal will be addressed in this presentation. 
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Organic/Inorganic Hybrid Material Constructed by Ammonium 
Halide Functionalized on Mesoporous Zeolite for Production of 

Propylene Carbonate from Coupling of Propylene Oxide and CO2 
 

Daeho Kim, Kyungsu Na* 
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CO2 is the one of the most representative greenhouse gases that can cause global warming. Ultimate 

solution for removing CO2 is utilization of CO2. One representative example is producing organic 

carbonates via cycloaddition of CO2 into epoxide. More specifically, propylene oxide (PO) can react with  

CO2 to produce propylene carbonate (PC) over the catalysts. The resultant PC can be used as aprotic polar 

solvents, electrolytes and monomer for polypropylene carbonate. Herein, an organic-inorganic hybrid 

catalyst was constructed by tethering an ammonium bromide onto mesoporous BEA zeolite. This approach 

conferred multifunctionality to the catalyst, which was exploited in the cycloaddition of CO2 to propylene 

oxide for production of propylene carbonate. The hybrid catalyst exhibited a synergistic enhancement of 

the catalytic activity in comparison with the catalysts having a single catalytic function. Through reaction 

studies, it was revealed that the catalytic synergy could only be obtained by achieving close proximity 

between the ammonium bromide and Lewis acid sites. The details of synthesis and catalytic reaction studies 

will be discussed in this poster. 
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Adsorption Characteristics of N2, H2, CO2, O2 on Modified Graphene 

Oxide by Potassium Hydroxide 
 

Sang Moon Lee, Won Gi Hong, Jin Bae Lee, Hae Jin Kim* 
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Activated carbon adsorbents are one of the most extensively used materials for gas adsorption. Carbon 

dioxide and hydrogen gas storage technology based on physisorption of gases has gained considerable 

interest in recent years. While most of the recent study focuses on enhancing the adsorption capacity, there 

is still insufficiency of understanding of the fundamentals involved in such gas adsorption process. 

Graphene has a theoretical surface area of 2630m2/g and a very high intrinsic electrical conductivity in 

plane as well as high mechanical strength and chemical stability. Graphene-based material derived from 

graphite oxide(GO) is now being manufactured in ton quantities at low cost. Here, we report a simple 

modification with KOH of microwave reduced GO(MrGO). We prepared MrGO powders by irradiating  

GO in microwave oven. The as-made MrGO powder was then placed in KOH solution, followed by 

filtration and drying, to form a MrGO/KOH mixtures for chemical modification. MrGO/KOH mixture was 

put in a tube furnace under flowing nitrogen and heated at 1073K for 1hr. KOH activation has been 

extensively used to obtain porous carbons and improved porosity and enhanced adsorption performance 

were reported. Gas adsorption study of modified GO was performed with the observation of adsorption-

desorption isotherms of nitrogen, hydrogen, carbon dioxide, oxygen gas. 
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Selective Chlorination of CH4 to CH3Cl with Molecular Cl2 Gas on the 

Surface of Solid Acid Catalysts: Effect of Acidity and Pt Metal 
Nanoparticles 

 

Seungdon Kwon, Daeho Kim, Kyungsu Na* 
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Many processes for converting methane to value-added chemical has been studied. One representative 

example is CH4 chlorination that is radical-mediated thermal reaction. Under sufficient supplement of 

thermal energy, Cl2 molecules can be dissociated to two chlorine radicals, which triggered the C-H bond 

activation of CH4 molecule and thereby various chlorinated methane products (i.e., CH3Cl, CH2Cl2, 

CHCl3, CCl4) could be produced. Chlorinated methane products are used as a reaction intermediate to 

produce olefin. Because formation of chlorinated methane products excluding methyl chloride accelerates 

deactivation of catalyst and dichloromethane promotes the formation of aromatic compounds, one of the 

most important key to making hydrocarbon is selectivity of methyl chloride. However, it is difficult because 

increase of CH4 conversion is always accompanied by a decrease in the CH3Cl selectivity (trade-off). In 

this works, various zeolite-based catalysts are designed and prepared to break the trade-off phenomenon. 

Some properties such as Si/Al ratio, novel metal loading, micropore aperture size control, and frustrated 

lewis pair (FLP) were investigated comprehensively. Prepared catalysts were characterized by X-ray  

diffraction (XRD), transmission electron microscopy (TEM) and solid state magic angle spinning (MAS) 

Al nuclear magnetic resonance (NMR). The reaction was performed in a fixed-bed reactor under a 

continuous gas flow condition. Reactants and products were analyzed by using gas chromatography (GC). 

Several variables were researched, and only FLP in PtxPdy-loaded NaY broke trade-off phenomenon. The 

details of CH4 chlorination and the results are going to be addressed in this poster. 
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Nitrification Effect on High Temperature Electrical Conductivity of 

Y2O3- and TiO2 -Doped AlN Ceramics 
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Recently, as more semiconductor manufacturing processes have come to require high-resolution 

lithography, even at high temperatures, there is an increasing need for a ceramic material that can maintain  

electrostatic force even at high temperatures. Hence, a material that can maintain the electric resistance (> 

108 Ω•cm at 500 ℃) and have a high dielectric constant at high temperatures is needed. In this work, urea 

(CO(NH2)2) and TiO2 were added to AlN, then the microstructural differences according to additives and 

sintering conditions and the electrical conductivity of AlN ceramics were investigated. When the urea is 

added to the AlN matrix, the urea reacts directly with the impurity of Al2O3 to convert it to AlN, or the 

ammonia which is formed due to the decomposition of urea at high temperatures, may cause the nitrification  

reaction. The reduced Al2O3 content decreases Al vacancies, which are the main carriers, and decreases 

species with positive charge. It is expected that the activation energy (Ea) will decrease when the 

nitrification reaction occurs because species, which can be paired with the Al vacancies, decrease. Actually, 

the calculated Ea of urea added AlN is lower than that of urea-free AlN and as the urea content increases, 

the Ea decreases. The reduced Ea hinders a sharp decrease in volume resistance at high temperatures. As a 

result, we can synthesize AlN ceramics with high density and high volume resistance at high temperatures 

by nitrification using urea as an additive. 
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Synthesis and photocatalytic activity of TiO2-metal composite particles 
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A novel TiO2 submicron-sized particle embedded with metal (Ag, Cu) nanocrystals was successfully 

synthesized using an amorphous titania particle loaded with metal ions inside its core via a base catalysed, 

annealing assisted reaction. The annealing process reduces the metal ions to metal or metal oxide 

nanocrystals and the amorphous titania matrix to anatase TiO2. Porosity of the synthesized composite 

particles was found to vary by controlling the loading concentration of the respective metal ions. The unique 

photocatalytic performance of TiO2–M=Ag, Cu composite particles under UV irradiation was 

demonstrated with methylene blue degradation. The composite particles were shown to support strong 

adsorption of the dye molecules, and intense electromagnetic fields inside their cores owing to the strong 

scattering and absorption characteristics of the metal nanocrystals. These two processes allow the composite 

particles to serve as effective traps for confining and photodegrading dye molecules over a short time 

interval. Hence, the removal efficiency of the dye solution by the composite particles can be efficient , 

suggesting potential for further utilization in wastewater treatment and removal of organic pollutants. 
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Surface Functionalization Effect of Graphene Oxide on its Colloid and 

Bulk Behavior 
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Graphene oxide (GO), the oxidized form of graphene with various oxygen functional groups, is a promising  

building block for development of a strong composite material when considering its manufacturing cost 

and aqueous processability. A liquid crystal (LC) phase formation, the state between liquid and solid crystal, 

in aqueous phase is one of the most interesting properties of GO and this property originated from its high 

colloidal dispersibility and aspect ratio. It is well known that the aspect ratio and concentration of GO are 

known to be important parameter for LC phase formation, whereas the chemical structural effect on LC 

phase formation has not clearly explored. Herein, we investigated the chemical structural effect of GO on 

the LC phase formation at the same aspect ratio and concentration. The changes of GO’s colloidal and bulk-

assembled properties by surface functionalization were systematically examined by using UV-Vis, x-ray  

photoelectron, Fourier transform infrared and Raman spectroscopy, rheometer, zetapotential analyzer, 

polarizing microscope and universal testing machine. Based on the results, we found that the critical 

concentration of GO for LC phase formation is varied depending on the surface oxygen functional groups 

and this change considerably affected the bulk-assembled properties of GO. 
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Purification of carbon nanotube fibers for improvement of their 

mechanical properties and electrical conductivity by removing the 
residual catalyst and amorphous carbon 
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Carbon nanotubes (CNTs) have atrracted a great attention owing to their unique chmical, physical and 

mechanical properties. In particular, CNTs have theoretically and experimentally high the tensile strength 

(100 GPa), elastic modulus (200~1500 GPa), tensile elongation (~30%) and electrical conductivity 

(105~107 S/m). Based on those properties, CNTs have been extensively investigatd for various applications 

such as CNT-based supercapacitors, batteries, chemical sensors and nanocomposites. To utilize the 

excellent properties of CNTs, many efforts have been devoted to develop an efficient fabrication process 

of bulk-scale fibrous CNT assemblies such as forest, wet, direct spinning methods. Among those methods, 

the direct spinning from a synthetic chemical vapor depotision (CVD) reactor had a great potential for 

scale-up and continuous production. However, CNT fibers fabricated by direct spinning method contain a 

large quantity of impurities such as catalytic metal particles and amorphous carbon. The impurities  

adversely affect mechanical and electrical properties because they disturbed the interaction between CNT 

bundles and increase the contact resistance. Herein, we report a simple method for purification of CNT 

fibers synthesized by the direct spinning method. The purification process involved 3 steps such as thermal 

oxidation, acid washing and themral annealing. As a result, the impurities on the surface of CNT fibers 

were successfully removed and then their michanical and electrical properties were considerably enhanced 

by 15 fold and 5 fold, respectively. We also experimentally proved this significant enhancement of CNT 

fibers originated from the purification induced densification and alignment effects. 
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Electrical Conductivity of AlN Ceramics sintered with Y2O3 
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High temperature electrical conductivity of Aluminum Nitride (AlN) ceramics sintered with Y2O3 as a 

sintering aid has been investigated with respect to various sintering conditions and MgO-dopant. When 

magnesium oxide is added as a dopant, spinel phases are formed as second phases, which affects the 

electrical properties. The effect leads to reduction of activation energy and increased electrical resistivity. 

This is a result of removal of some Al2O3 impurity that makes carrier decrease. When the sintering 

temperature decreases, grain growth was reduced, which leads to a reduction of activation energy and 

increased electrical resistivity. 
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p-nitrophenol based on ZnS-Au hybrid nanorods 
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In the present work, the incorporation of metallic gold in different amounts (1, 4, 8%) onto a one-

dimensional ZnS nanorods was carried out using a photo-assisted reduction process. The present protocol 

is facile and eco-friendly approach in nature. The synthesized ZnS-Au (AZS) hybrid nanorods were 

characterized using analytical techniques, such as XRD, XPS, TEM, EDX, and PL. Based on the analyses 

techniques, the formation of AZS was confirmed. The proposed electrochemical method was further 

evaluated in the presence of other inorganic cations and anions, and it was found that the interference was 

almost negligible. The real sample analyses confirmed the acceptable recovery levels. 
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InP nanorods/FTO glass photocathode by chemical bath deposition for 

CO2 to CH3OH conversion 
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School of Materials Science and Engineering, Kumoh National Institute of Technology, Korea 

  

Ongoing research of the carbon capture and utilization (CCU) became critical challenge over the world  

after revealed that storage of captured carbon is not ultimate solution to reduce CO2 concentration. There 

are several CO2 conversion processes such as a thermal reduction with catalyst, electro-catalytic reduction, 

biochemical reduction and photocatalytic reduction. Especially photocatalytic CO2 reduction process is 

analogue to solar water splitting. That is, photocatalysts that were applied for hydrogen evolution could be 

also used for CO2 reduction. In this study, InP (indium phosphide) which enable to visible light absorption 

was vertically grown on FTO glass by chemical bath deposition instead of dominant chemical vapour 

deposition. Grown InP nanorods were confirmed by means of both FESEM (field emission scanning 

electron microscope) and TEM (transmission electron microscope). Its anisotropic growth mechanism was 

proposed that dissolution and specific precipitation. CO2 to CH3OH conversion test was conducted using 

three electrode system under visible light that of intensity 100mW/cm2. Products of CO2 reduction was 

collected by micro-syringe and subsequently transferred to the quartz cuvette involving chemical reagent 

of CH3OH to coloured solution conversion selectively for qualitative measurement by UV-Vis absorbance. 

Quantitative measurement of CH3OH was also conducted by HPLC (high performance liquid  

chromatography).AcknowledgementThis research was supported by Basic Science Research Program 

through the National Research Foundation of Korea(NRF) funded by the Ministry of Education Science 

and Technology(MEST) (2017R1D1A1B03034141)*Corresponding Author: (BeeLyong Yang), (Kumoh 

National Institute of Technology, Korea), (blyang@kumoh.ac.kr) 
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Cu2O NPs/InP nanorods/FTO glass photocathode for CO2 to CH3OH 

selectivity and high yield 
 

Hyun Kim, dongyun kim, Bee Lyong Yang* 

 
School of Materials Science and Engineering, Kumoh National Institute of Technology, Korea 

  

Ongoing research of the precise CO2 to fuel conversion selectivity became important issue because 

products are mixed during CO2 reduction. In order to improve conversion selectivity, some of metal oxide 

catalysts are available for different products. In this study, InP was vertically grown on FTO glass by 

chemical bath deposition instead of dominant chemical vapour deposition. And grown InP nanorods were 

confirmed by means of both FESEM (field emission scanning electron microscope) and TEM (transmission 

electron microscope). Cu2O NPs were comparatively studied by two different methods that of 

electrodeposition/oxidation process and SILAR (successive ionic layer adsorption and deposition process 

process). CO2 to CH3OH conversion selectivity test was conducted using three electrode system under 

visible light that of intensity 100mW/cm2. Products of CO2 reduction was collected by micro-syringe and 

subsequently transferred to the NMR (nuclear magnetic resonance) and raman spectroscope to identify 

inside solution composition. Quantitative measurement of CH3OH was also conducted by HPLC (high 

performance liquid chromatography).AcknowledgementThis research was supported by Basic Science 

Research Program through the National Research Foundation of Korea(NRF) funded by the Ministry of 

Education Science and Technology(MEST) (2017R1D1A1B03034141)*Corresponding Author: 

(BeeLyong Yang), (Kumoh National Institute of Technology, Korea), (blyang@kumoh.ac.kr) 
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Photoelectrochemical reduction of carbon dioxide on Carbon 

QDs/PANI/TiO2 NRs Photoelectrode 
 

Hyun Kim, dongyun kim, Bee Lyong Yang* 

 
School of Materials Science and Engineering, Kumoh National Institute of Technology, Korea 

  

We report exploiting effective carbon QDs grafting to enhance the photoelectrochemical activity of 

PANI/TiO2 NRs films, applied as photoanodes for photoelectrocatalytic (PEC) CO2 reduction into 

methanol (CH3OH). The in situ carbon QDs/PANI/TiO2 NRs films were prepared on a fluorine-doped tin 

oxide (FTO) substrates by a hydrothermal method for TiO2 NRs growth, then chemical polymerization for 

PANI Coating and finally impregnation in carbon dots solution. C QDs and Polyaniline coating were 

confirmed with an X-ray photoelectron spectroscopy (XPS), TEM and SEM analysis. Comparing the PEC 

properties, Carbon QDs/PANI/TiO2 NRs cathode exhibits the highest photocurrent density vs. 

(Ag/AgCl/Sat.KCl), which is approximately 2 times higher than that of the uncoated films. The highest 

methanol yield increased significaly after carbon QDs grafting. Based on the electrochemical and 

photoelectrochemical analysis, the enhanced PEC performance in C QDs/PANI/TiO2 NRs films owe to its 

improved carriers density, electrical conductivity, and electrons lifetime. The possible photocatalytic 

mechanism was proposed which is beneficial for further improving the activity of photocatalysts. The 

approach described in this study provides a simple and reliable strategy for the rational design of efficient 

visible light-driven photo catalysts for photoreduction of CO2 to hydrocarbons.AcknowledgementThis 

research was supported by the International Research & Development Program of the National Research 

Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (MEST) 

(2017K1A3A1A21013524)*Corresponding Author: (BeeLyong Yang), (Kumoh National Institute of 

Technology, Korea), (blyang@kumoh.ac.kr) 
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graphene hydrogels/B-doped graphene quantum dots electrode for 

multifunctional efficient electrocatalyst 
 

Tran Van Tam, Won Mook Choi* 

 
School of Chemical Engineering, University of Ulsan, Korea 

  

Multifunctional electrocatalyst of boron-doped graphene quantum dots (B-GQDs) anchored on graphene 

hydrogel (GH) has been fabricated through one-step hydrothermal. The all carbon-based hybrid 

nanomaterial possesses superior simultaneous trifunctional electrocatalytic activity toward oxygen 

reduction reaction (ORR), oxygen evolution reaction (OER) and hydrogen evolution reaction (HER), even 

closed to the available commercial Pt/C and IrO2/C. The composites also exhibit an excellent long-term 

stability and good tolerance. The integration of B-GQDs and GH induces synergistic effect of high electrical 

conductivity as well as large surface area of graphene hydrogel and abundance of catalytically active sites 

on B-GQDs surface, thus leading to enhance catalytic activities. Interestingly, various boron bonding 

compositions have been found to be significant influence on multi catalytic reactions derived from the 

composite in which BCO2 species can be served as OER and HER, while BC3 structures can catalyze the 

reduction of oxygen. 
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Self-Assembly Control of Polymer-Coated Gold Nanocrystals 
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1Department of Chemical Engineering & Biotechnology, Korea Advanced Institute of Science and 

Technology, Korea 

  

Colloidal nanocrystals (NCs) can serve as new building blocks for preparing metamaterials. The self-

assembly of NCs enriches the polymorphism of NCs through ligand-, NC shape-, and solvent-mediated 

approaches. Herein, we present polymorphism control of polystyrene-coated Au NCs (Au@PS) by 

changing PS grafting density. Au NCs with varied polymer grafting density were prepared by ligand-

exchange processes. TEM images indicated successful ligand exchange by gradually increasing 

interparticle distance. As-prepared Au@PS particles were self-assembled using liquid-air interface 

assembly technique. TEM images and grazing incidence small-angle X-ray scattering (GISAXS) 

measurements showed highly ordered Au@PS superstructures in long range. In particular, the transition of 

NC assembly structure from body centered cubic (bcc) to face centered cubic (fcc) was observed upon 

grafting density increase. This work emphasizes the importance of ligand grafting density for building and 

manipulating the NC superstructures. 
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Enhancement in microwave absorption properties of BaTiO3 particles 

through oxygen vacancies 
 

Baek kyungnae, Syazwani Binti Mohd Noor1, Jerome Hyun2,* 
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Managing microwave radiation is essential for preventing electronic malfunction in electronic devices and 

control systems due to electromagnetic interference. To this end, microwave absorbing materials with high 

magnetic permeability or high dielectric loss are typically employed. Barium titanate (BaTiO3) is a 

dielectric material that can be used as an electromagnetic wave absorber when loss mechanisms are 

incorporated.In this study, we explored the modulation of dielectric loss in BaTiO3 particles through 

oxygen vacancies. BaTiO3 particles were prepared by the Molten Salt Synthesis (MSS) method. Oxygen  

vacancies were introduced through synthesis in an oxygen deficient environment. The presence of oxygen 

vacancies were confirmed using Raman, HRTEM and Electron energy loss spectroscopy (EELS) analysis, 

and were shown by microwave reflection loss measurements to enhance the dielectric loss value of pristine 

BaTiO3. Such characterization methods allowed the preclusion of other loss mechanisms arising from grain 

boundaries, size differences, phase differences and porosity, enabling us to isolate dielectric relaxation 

through oxygen vacancies as the predominant loss mechanism. These results suggest that oxygen-deficient 

BaTiO3 can be a promising material for achieving tunable microwave absorption. 
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Clustering of Au@Pd Core-Shell Nanoparticles Enhances Hydrogen 

Sensing Ability in Aqueous Solution 
 

Younghyun Wy, Seunghoon Lee, Dae Han Wi, Sang Woo Han* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Developing sensitive and stable hydrogen sensors is of great importance for sustainable energy 

development. Here, we describe a novel hydrogen sensing platform based on colloidal clusters of Au@Pd 

core-shell nanoparticles (Au@Pd NPCs) with characteristic localized surface plasmon resonance (LSPR) 

properties. Au@Pd NPCs with well-controlled topologies exhibited highly pronounced sensitivity for 

LSPR-based hydrogen sensing in aqueous solution in comparison to their nanoparticle counterparts and 

previously reported Au-Pd bimetallic nanostructures, which can be attributed to highly promoted plasmonic 

field resulting from the cluster formation. Furthermore, Au@Pd NPCs showed stable sensing capability for 

repeated hydrogen sensing cycles. The present strategy for devising high-performance LSPR-based 

hydrogen sensors via the controlled assembly of bimetallic nanoparticles can be applied to the development 

of efficient plasmonic platforms for various sensing applications. 
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Au nanorod-CdS yolk-shell heteronanostructures for plasmon-

enhanced photocatalytic hydrogen evolution 
 

Hayoon Jung, Sang Woo Han* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Plasmonic metal-semiconductor heteronanostructures with controlled topologies have attracted increasing 

attention as promising platforms for the efficient conversion of solar to chemical energy. Herein, we 

describe a novel synthesis route toward the formation of heteronanostructures with plasmonic metal yolks 

and semiconductor shells, which can enable the elevation of light harvesting efficacy. Au nanorod-CdS 

yolk-shell nanostructures with well-defined structural configurations were realized by a sulfidation and a 

subsequent cation exchange reaction with pre-synthesized Au nanorod@Ag core-shell nanostructures. The 

prepared yolk-shell nanostructures showed superior photocatalytic hydrogen evolution performance under 

visible light irradiation over their core-shell nanostructure counterparts, CdS hollow nanoparticles, and Au 

nanorods. A series of mechanistic studies on the photocatalysis distinctly corroborated that the pronounced 

photocatalytic function of the yolk-shell nanostructures is due to the synergism between the radiative 

relaxation of the plasmon energy of the Au nanorod yolks and the multiple reflections of the incident light 

within their voids rendered by the yolk-shell structure, which can promote the light absorption of CdS that 

can drive the photocatalysis. This study can provide a new perspective for designing hetero-

nanoarchitectures with intended structures and desired functions. 
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Fabrication and characteristics of a water barrier membrane filter 

based on zeolite/PVDF-PVP core-shell nanofibers 
 

Sang Hyun Ji, Ji Sun Yun1,* 

 
Korea Institute of Ceramic Engineering and Technology, Yonsei University, Korea 

1Korea Institute of Ceramic Engineering and Technology, Korea 

  

For the fabrication of a flexible water barrier membrane filter, the as-spun zeolite nanofibers with structures 

in which the zeolite particles are embedded in the poly(vinylidene fluoride)(PVDF )-

polyvinylpyrrolidone(PVP) core-shell nanofiber mats were prepared by an electrospinning method. For 

increasing the specific surface area, zeolite particles were exposed on the surface of the nanofibers by a wet 

etching process of PVP polymer in the shell parts. Furthermore, PVDF polymer in the core parts acted as a 

skeleton of nanofibers and contributed to maintain the flexibility of the nanofibers after etching process. To 

improve hydrophobicity of zeolite nanofibers, the zeolite nanofibers were fabricated with the different  

SiO2/Al2O3 ratios of zeolites and with the different PVDF/PVP ratios. The morphology of the partially  

etched polymer surface of the flexible zeolite nanofiber was observed by FE-SEM and FE-TEM analysis, 

and the specific surface area of the flexible zeolite nanofibers was measured by N2 adsorption/desorption 

isotherms. The contact angle, water permeability and air permeability of the flexible zeolite nanofibers were 

investigated to evaluate the properties for water barrier membrane filter. 
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Thermally Stable Hole Transporting Material for Perovskite Solar 

Cells 
 

SoYoung Kwak, Won-Sik Han* 

 
Department of Chemistry, Seoul Women's University, Korea 

  

Organic–inorganic hybrid nature of perovskites have been utilized in organic electronics due to their 

impressive electrical and optical properties and showed remarkable performance in solar cells. Therefore, 

it is expected that they can overcome the fundamental limitations of silicon-based solar cells such as weight, 

opacity, and high manufacturing energy.To improve PCE efficiency in perovskite solar cells (PSCs), the 

hole transport material (HTM) is one of the important active material because it allows efficient hole 

extraction at the perovskite-HTM interface. Among the various HTMs, spiro-OMeTAD (2,2',7,7'-

tetrakis[N,N-di(4-methoxyphenyl)amino]-9,9'-spirobifluorene) has been commonly used in PSCs as a hole 

transporting material (HTM). However, one drawback of this material is instability at high temperature. To 

enhance the thermal stability of spiro-OMeTAD, we have designed and prepared its derivative material 

spiro-OMeCz, by replacing triphenyl-amine units into carbazole units. Investigation on photophysical-, 

electrochemical-, and thermal properties of spiro-OMeCz reveals that this material is a promising HTM in 

PSCs device. 
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Catalytic Performance of Mn-Ni Layered Double Hydroxide 

Nanoplates for Oxygen Evolution Reaction 
 

Jae Kyeom Kim, Min Hyung Lee* 

 
Department of Applied Chemistry, Kyung Hee University, Korea 

  

Layered double hydroxide (LDH) nanomaterials can be synthesized in various combinations of binary 

metals, resulting tunable catalytic properties and performance. Due to these advantages, transition metal 

based LDH nanomaterials have been caught great attentions as catalysts for various reaction such as oxygen 

evolution reaction (OER), CO2 reduction reaction (CO2RR), and oxygen reduction reaction (ORR), etc. In 

this project, we synthesized Mn-Ni LDH using simple solution synthetic process, and carried out 

electrochemical evaluations of the LDH nanoplates for OER. Furthermore, intercalated halogen anions into 

Mn-Ni LDH nanoplates were switched by anion exchanges and anion-dependent OER catalytic 

performance was compared. Mn-Ni LDH nanoplates showed on-set potential of 1.57 V vs. RHE, and 

overpotential to reach current density of 10 mA/cm2 is about 400 mV vs RHE, which is comparable 

performance to previous reported transition metal based LDH nanoplates for OER. 
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Synthesis and coloration approaches with new designed novel 

anthraquinone dyes in supercritical carbon dioxide 
 

Myeongjin Kim, Kyeongsu Min, HyoRim Kim, gisu Heo, Young-A Son* 

 
Dept. of Advanced Organic Materials Engineering, Chungnam National University, Korea 

  

When dyeing in super critical CO2, non-polar dyes are used to enable dissolution. Polyester (polyethylene 

terephtalate or PET) is also non-polar and during the dyeing process, the dye molecules can diffuse into the 

polymer matrix, where they are physically bonded. Because of its non-polarity, polyester can be dyed in 

super critical CO2 with non-reactive, so-called disperse dyes.Anthraquinone disperse dyes are plays a vital 

role in the dyestuffs industry. These molecules are more stable under the experimental conditions and as 

well as in various organic solvents when during the calibrations. Molar absorption coefficients of 

anthraquinone dyes are allows spectroscopic determination even at very low concentrations.Here we have 

synthesized eleven novel anthraquinone dyes from readily available starting materials by using simple and 

convenient methods. All the synthesized compounds were characterized by 1HNMR, 13CNMR, UV and 

HRMS. Dyeing of polyester fabric with anthraquinone blue dyes performed under supercritical carbon 

dioxide conditions. Most of the anthraquinone dye derivatives exhibited excellent blue color property under 

supercritical CO2 conditions.The mechanism involved in the disperse dyeing of polyester fabric is the CO2  

penetrates and swells the fibres, thereby facilitating the diffusion of dye molecules through the polymer. 

Upon supercritical state, CO2 molecules exit the shrinking fiber and the dye is retained in the textile. 
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Super-hydrophobic , photo-catalytic and self-cleaning PET 

preparation using porphyrin/TiO2/OTMS 
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A super-hydrophobic PET fabric exhibiting photocatalytic self-cleaning properties under visible-light was 

prepared by step-wise deposition of anatase TiO2, 2 types of porphyrin and trimethoxy(octadecyl)silane 

(OTMS). The modified PET (TSPP/TiO2/OTMS) / (CuTSPP/TiO2/OTMS) fabrics not only exhibited  

excellent super-hydrophobicity with a water contact angle of 148o, but also showed significant 

photocatalytic degradation of rhodamine-6G under visible-light irradiation. The fabrics were characterized  

by FESEM, XRD, NMR and UV-Vis spectroscopy. Textiles with dual functionality of super-

hydrophobicity and visible light photo catalysis are promising for a wide range of self-cleaning applications. 

CuTSPP/TiO2-coated PET fabrics showed superior self-cleaning performance when compared to bare 

TiO2-coated PET. Furthermore, CuTCPP/TiO2/OTMS -coated fabrics showed significant photo stability 

and self-cleaning property under visible-light as compared to free base TSPP/TiO2/OTMS -coated fabrics, 

however the super-hydrophobic property is higher for TSPP/TiO2/OTMS when compared to that of 

CuTCPP/TiO2/OTMS. Visible-light driven self-cleaning PET based on porphyrin/TiO2/OTMS catalyst 

exhibits significant potential in terms of stability and reproducibility for self-cleaning applications. 
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Characterization of sorption/desorption on metal silicate/graphene 

oxide hybrid 
 

Jin Bae Lee, Won Gi Hong, Sang Moon Lee, Hae Jin Kim* 

 
Electron Microscopy Research Center, Korea Basic Science Institute, Korea 

  

Hydrogen fuel represents a promising solution to problems in green energy altenatives to power everything 

from laptops to aircraft. To pull up to the real world hydrogen storage is a key enabling technology for the 

advancement of hydrogen and fuel cell power tehonologies in transportation, stationary and portable 

application. Recently along with the development of nanotechnology a number of hydrogen storage 

techniques have been introduced that exploit the high-performance of hydogen storage to the 

nanostructured composites. Carbon nanotubes, among various nanostructured materials, is being studied 

by being decorated or dispersed with other metals to increase the hydrogen storage capacity, instead of used 

alone. MOF, one of supramolecular materials, is also being researched to increase the hydrogen storage 

capacity by being introduced the metal site, synthesized to composite form, or expanded the surface such 

as MOF-210, which has 6,240 m2/g BET surface area. Therefore, the main focus of current researches is 

to develope the material with introduction of metal site capable of hydrogen storage and promote the 

hydrogen storage capacity. As mentioned above, interactions of hydrogen with many kinds of metal ion 

introduced to nanostructure, and manganese is one of them. Among the binding energy of metal species 

and H2, manganese is also known well. Recently, it is reported that there were experiments for developing 

the hydrogen storage material using manganese ion for porous materals based on supramolecule. Due to 

the advantages of these supramolecule-based materials, temperature stability and easiness of structural 

transformation, many studies are being conducted on them as hydrogen storage material among nano porous 

materals but the hydrogen storage in room temperature are not good compared to the one in low temperature, 

and studies using dispersion-metal composite with large surface are still in progress. We reports that 

manganese silicate ultra-thin hollow nanospheres (MSHSs) using surfactant-free hydrothermal method to 

improve the energy storage capacity were synthesized in a smaller, simpler, easier and more uniform way 

than hollow spheres using other methods. 
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Photocatalytic/Super hydrophobic Self-cleaning of Modified PET 

Fabric by TiO2 Cluster 
 

HyoRim Kim, Kyeongsu Min, Myeongjin Kim, gisu Heo, Young-A Son* 

 
Dept. of Advanced Organic Materials Engineering, Chungnam National University, Korea 

  

The sensitization of TiO2 with a wide variety of inorganic and organic dyes for light harvesting has been 

investigated over the last 2 decades for the development of efficient energy harvesting. Porphyrins, as 

important biomolecules, have some applications such as catalysts, photosensitizers, non-linear optical 

materials, liquid crystal, photodynamic therapy of cancer, solar-energy conversion, molecular binding, 

energy and electron transfers and light harvesting. Silyl derivatives are generally hydrophobic in nature; by 

incorporating all these properties to a fabric self-cleaning properties were investigated. A super 

hydrophobic PET fabric exhibiting photocatalytic self-cleaning properties under visible-light was prepared 

by step-wise deposition of anatase TiO2, and 5 types of porphyrin. The OTMS/Porphyrin/TiO2 modified  

PET fabrics showed significant photo-degrading of rhodamine dye molecule not only under UV-light but 

also under visible light. 
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Enhanced photoelectrochemical water oxidation using Mo:BiVO4/WO3 
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Cation doping and heterojunction formation in semi-conductors are often studied to improve efficiency and 

stability of photoelectrochemical (PEC) water splitting electrodes and catalysts. For example, Molybdenum 

doped BiVO4 can improve photo reaction currents, and ZnO/BiVO4 heterojunction can improve PEC 

performance. In this poster, we present sol-gel synthesized lithium and molybdenum co-doped BiVO4 (Li-

Mo:BiVO4) with WO3heterojunction (denoted as Li-Mo:BiVO4/WO3) that shows enhancement of PEC 

water oxidation, increasing current density from 1.0 to 2.8 mA/cm2 (at 1.6 V vs. RHE) and also decrease 

band-gap from 2.66 to 2.24 eV compared to pristine Mo:BiVO4. 
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Water-resistant Polymer Organic Thermoelectric Devices 
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Conventional conducting polymers is a promising organic-thermoelectric active material due to its high 

electrical conductivity.[1] In particular, poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) 

(PEDOT:PSS) is one of the most widely studied as a thermoelectric active material because its electrical 

conductivity can be increased to over 4000 S cm-1 by increasing the interconnected conductive pathways 

[2] Along with the tremendous research of PEDOT:PSS, the thermoelectric properties of them has 

significantly improved in the last few years.[3] However, there is few systematic study of the stability of 

thermoelectric devices under humid environment.[3] In case of PEDOT:PSS, PSS is an water-soluble 

anionic polyelectrolyte and therefore, thermoelectric performance of PEDOT:PSS is very sensitive to 

humid atmosphere.[4] In addition, hygroscopic PSS readily deforms PEDOT:PSS films under high 

humidity environment,[5] leading to not only degrade its intrinsic conductivity but also lose its capability 

for thermoelectric applications. Stability of organic materials is key issues in field of organic electronics.[6-

7] Thus, it is needed to improve the stability of organic thermoelectric devices under humid environment. 

In this research, we improved the humid stability and thermoelectric properties of PEDOT:PSS films  

through two approaches. First, we introduced Iso-sorbide derivatives as a hydrophilic additive to induce 

the structural and morphological evolution of the films. The films showed the increase of mechanical 

property, leading to enhance the water-resistance/humid stability of thermoelectric devices. Second, we 

modified hygroscopic PSS via post glycerol vapor treatment. The cross-linking reaction between glycerol 

vapor and PSS affords hydrophobic characteristics on the PEDOT:PSS films. The details will be explained  

in the presentation. We expect that our systematic studies respect to humid-stability of PEDOT:PSS and 

thermoelectric properties will provide an opportunity for practical application of organic thermoelectric  

devices under humid environment. [1] Materials, 2015, 8, 732-750. [2] Adv. Mater. 2012, 24, 2436-2440. [3 ] 

Nat. Rev. Mater., 2016, 1, 16050.[4] Appl. Phys. Lett., 2016, 108, 093301-093305.[5] RSC Adv., 2016, 6, 

87147-87152.[6] Adv. Mater., 2007, 19, 2445-2449.[7] Sol. Energ. Mat. Sol. Cells. 2008, 92, 686-714. 
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conductive atomic force microscopy 
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Electronic transport properties of gallium phosphide (GaP) nanowire devices were studied by a conductive 

atomic force microscopy (C-AFM). In this work, the GaP NWs were synthesized by chemical vapor 

deposition and their crystal structure were determined from X-ray diffraction, Raman spectroscopy, 

scanning electron microscopy and transmission electron microscopy. For the device fabrication with a 

sandwiched structure of (PtIr tip)-(Pt-coated nanostructure)-(Au electrode), the alignment of the GaP NW 

between patterned Au electrodes was accomplished by dielectrophoresis. The electrical contacts between 

the GaP NW and Au electrodes were formed by focused ion beam assisted Pt deposition. During the C-

AFM based measurement, PtIr tip and Au electrode were used as a movable top electrode and bottom 

electrode, respectively. The electrical characteristics of each device were measured at room temperature 

and in air. The I-V curves for the GaP NW devices were analyzed in the aspect of a Schottky contact 

behavior. 
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Synthesis and photocatalytic activity of porphyrin-TiO2 hybrid 

materials dyes under visible-light irradiation 
 

gisu Heo, Kyeongsu Min, Myeongjin Kim, HyoRim Kim, Young-A Son* 

 
Dept. of Advanced Organic Materials Engineering, Chungnam National University, Korea 

  

TiO2 is an important functional material that is extensively applied in the food, plastics, electric material, 

papermaking, sensor, hydrogen production, photocatalyst, clean energy and other industrial applications. 

porphyrin compounds are naturally appropriate antennas for solar flux collection and capable to direct solar 

energy-to-chemical conversion equipment. Therefore, they are delightful photosensitizers and natural 

chemical stabilizers upon visible light irradiation. Taking advantage of their naturally occuring antennas 

and ideal photo factory capabilities, TiO2 sensitized by porphyrins has gained a great deal of attention in 

recent years. Its ability as a photo-generated reactive species, holes and electrons was confirmed by XRD, 

XPS, SEM, TEM, IR and Solid UV spectral analysis. The photocatalytic activity of methylene blue was 

systematically investigated in conjunction with porphyrin-TiO2 catalyst and bare TiO2. We can see the 

degradation results of MB for TiO2 photocatalysts systems. After reaction for 3 h, MB was less degraded 

in bare TiO2 in comparison with the porphyrin-TiO2 catalyst. The results show that TiO2 photocatalyst 

sensitized by porphyrin group can increase the wavelength response range, decrease the band gap, and 

enhance the photocatalytic activity under visible light, resulting in the degradation of MB. This result shows 

that, photocatalytic system can also be utilized for the advanced treatment of organic pollutants to encounter 

with the higher standard and demand of water treatment in the future. 
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Nanospace-Confined High-Temperature Solid-State Reactions: 
Versatile Synthetic Route for High-Diversity Pool of Catalytic 

Nanocrystals 
 

Jung Hun Koo, Yu Rim Kim, In Su Lee* 

 
Department of Chemistry, Pohang University of Science and Technology, Korea 

  

This study proposes a methodology to extend the utility of solid-state reactions to a synthetic route for 

producing a high-diversity pool of catalytic nanocrystals (NCs) by circumventing the problematic sintering 

of NCs at high-temperatures. For this purpose, nanometer-scale-confined NC formations/transformations 

were investigated using specifically designed nanometer-sized SiO2 medium with a radially differentiated  

core, which hinders the outward diffusion of fast moving reactants and tiny intermediates and confines the 

entire evolution process of single crystalline NCs (Pd, first-row-transition-metals, and their alloys) within  

a few-tens-nanometer-sized space. The variability of the product could be enhanced by subsequent thermal 

conversion of alloy- into hybrid-NCs with heterojunction interfaces. The evolution process of alloy-NCs  

could be examined under nanoscale confinement in the rarely explored high-temperature and solid-state 

environments. Further, the comparative investigation of the acquired pool of Pd-based catalytic NCs 

allowed us to find the most optimized one with the highest performance in CO oxidation reaction. 
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Synthesis of core-shell nanoparticle clusters with synergistic effect 

between plasmonic and catalytic functions 
 

Seunghoon Lee, Sang Woo Han* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Designing controlled hybrid nanoarchitectures between plasmonic and catalytic materials is of paramount 

importance to fully exploit each function of constituent materials. Here we report a new synthetic strategy 

for the realization of colloidal clusters of core-shell nanoparticles with plasmonic cores and catalytically  

active shells. The Au@M (M = Pd or Pt) nanoparticle clusters (NPCs) with a high density of sub-1 nm 

interparticle gaps were successfully prepared by the deposition of M shells onto thermally activated Au 

NPCs. NPCs with other metal, metal sulfide, and metal oxide shells could also be synthesized by using the 

present approach. The prepared Au@M NPCs showed remarkably enhanced plasmonic performance 

compared to their Au@M nanoparticle counterparts due to the localization of a strong electromagnetic field  

at the interparticle gaps, while the inherent catalytic function of shells was intact. In situ real-time Raman  

spectroscopy and plasmon-enhanced electrocatalysis experiments demonstrated that the controlled 

assembly of core-shell nanoparticles is a very effective route for the synergistic integration of plasmonic 

and catalytic functions in a single platform. 
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Surface charge effect on toxicity of AuNPs; Are cationic AuNPs toxic? 

 

Euiyeon Lee, Youngeun Kwon* 

 
Department of Biomedical Engineering (BK21 plus), Dongguk University, Korea 

  

Gold nanoparticles (AuNPs) hold large potentials for various biomedical applications. AuNPs with various 

physicochemical properties are reported to have different effects on biological systems but the relationship 

between the physicochemical properties of AuNPs and their biological effects is not clearly elucidated. It 

is important to understand and predict the biological effects of modified AuNPs with regard to their 

physicochemical properties for transition into the clinical setting. Among many variables, here we focused 

on the surface charges and the structures of ligands. For a systematic approach, we prepared fifteen different  

mono-dispersed AuNPs based on a sequential ligand exchange method. The prepared AuNPs carried  

various functional groups derived from amino acids and exhibited a series of surface charges ranging from 

-42.8±11.8 to +41.8±3.8 mV. Biological assays were performed to gauge the effects of charged AuNPs on 

various cellular functions and cell viability using mammalian cell lines. The cellular uptake of AuNPs and 

the subsequent changes in cytoskeletal structures and cell motility were also monitored. These studies 

showed that the cationic AuNPs showed mixed effects ranging from non-toxic to severely toxic while 

cytotoxicity of anionic and neutral AuNPs were negligible. The cytotoxic cationic AuNPs inhibited the 

formation of cytoskeletal structure, DNA replication and, consequently, proliferation of mammalian cells. 

The oxidative damage on genomic DNA was also observed. We suggested that the toxicity was originated 

from the ligand structure that can cause lytic. This results suggest that the structure of the ligand, but not 

the charge of the AuNPs, was an important factor determining the biological effects of AuNPs. 
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Photoluminescence property of Li2TiO3:Mn4+ 

 

Doe-hee Park, MINSEONG KIM, Gyeongmo Kang, Seung-Joo Kim* 

 
Department of Energy System, Ajou University, Korea 

  

Fluorescent materials have been attracting attention due to their diverse applications. In this study, we 

synthesized Mn4+-doped Li2TiO3 and characterized its luminescent property. The fluorescence emission 

was the most intensive when the Mn4+ ion content was 1% and the synthesis temperature was 800℃. 

According to XRD analysis, the cation distribution are changed with the synthetic temperature, which 

affects the fluorescence emission in the lattice. The Li2TiO3:Mn4+powder were dispersed in toluene using 

dioctyl sulfosuccinate as a surfactant. The dispersion colloidal was charaterized with a laser scattering 

particle-size analyzer and scanning electron microscope. On the basis of mixing with the Li2TiO3:Mn4+ 

colloidal dispersion and polydimethylsiloxane, The fluorescent film was successfully fabricated. 
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Mechanochemical synthesis of Li-Al layered double hydroxides 

 

Yongju Lee, Duk-Young Jung* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

An Li-Al layered double hydroxide (LDH) was synthesized via a mechanochemical route to adsorb lithium 

cations by using lithium salt (Li2CO3, LiCl, LiOH). Mechanochemical synthesis of Li-Al LDH was carried  

out with a mixture of gibbsite Al(OH)3 and lithium salts for 12 hours by ball milling operation. As a result, 

LiCl and LiOH salts were absorbed in Al(OH)3 rather than Li2CO3. The average size of as-synthesized Li-

Al LDH nanosheets were variable from 100nm to 10㎛ on the different synthetic conditions. The solubility 

of the lithium salts plays an important role on the lithium ion reaction with Al(OH)3 lattice. The as-prepared 

samples were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), 

thermogravimetry (TG) and differential scanning calorimetry (DSC). 
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Synthesis of Cobalt-Nickel Hydroxide Thin Films for High 

Performance Pseudocapacitor 
 

SuJeong Kim, Yongju Lee1, Seonho Jung1, Duk-Young Jung1,* 

 
Chemisty, Sungkyunkwan University, Korea 

1Department of Chemistry, Sungkyunkwan University, Korea 

  

A facile one-step method of synthesizing monolayered cobalt-nickel layered double hydroxide (Co-Ni LDH) 

is presented using ammonia transfer method in the closed vessel without exfoliation process. Thin films of 

monolayered Co-Ni LDH were deposited horizontally on Ni substrate (foam) by electrophoretic deposition 

method. The scanning electron microscope and X-ray diffraction were used to analyze the morphology and 

structure of Co-Ni LDH after deposition. The electrochemical performance of Co-Ni LDH with various 

concentration of cobalt and nickel as negative electrodes were characterized by cyclic voltammetry , 

galvanostatic charge/discharge and specific capacitance in KOH aqueous solution at room temperature. 
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Synthesis of trivalent Cu diethyldithiocarbamate complex for solution 

synthesis of CIGS thin film photovoltaic cells 
 

HyunJong Lee, Seonho Jung, Ji-Hyun Cha, Duk-Young Jung* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

Copper(Ⅲ) diethyldithiocarbamate(ddtc) complex [Cu(η2-S2CNEt2)2][In I4] have been synthesized and 

characterized for fabrication of CIGS thin film. This compound were synthesized by using Cu(Ⅱ)-ddtc and 

In(Ⅲ) iodide in benzene. Cu(Ⅲ)(ddtc)2+ cation contain square-planar Cu(Ⅲ) centres which attain on 

overall distorted octahedral coordination environment via long range intermolecular interactions. In 

[Cu(η2-S2CNEt2)2][InI4], anions and cations do not interact and Cu(Ⅲ) centres form an infinite chain held 

together by weak copper-sulfur interactions. Crystal structure of this compound have been determined by 

Single-crystal X-ray diffractometer. TGA was utilized to analyze melting point of this compound to 

investigate the thermal reaction condition for synthesis of CIGS thin films of photovoltaic cells. 
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Synthesis and Immobilization of Aluminum Hydroxide Nanosheets on 

Solid Substrates 
 

Yong-Min Park, Duk-Young Jung* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

For facile synthesis of hexagonal shaped γ-Al(OH)3, we adopted a procedure to synthesize colloidal gibbsite 

nanosheets from a single aluminum alkoxide (Al[OCH(CH3)C2H5]3, aluminum sec-butoxide) as precursor. 

The introduction of a preheating step accelerated the precursor’s hydrolysis/peptization and considerably 

shortened the overall reaction time. We have synthesized hexagonal shaped γ-Al(OH)3 nanosheets which 

have near 700nm of size and 35nm of thickness by seed generation reaction and one crystal growth. The 

Langmuir-Blodgett (LB) synthesis is one of highly reproducible and controllable methods of organizing  

anisotropic particles with a preferred orientation over a relatively large surface area. In this way, hexagonal 

shaped aluminum hydroxide (γ-Al(OH)3, gibbsite) nanosheets were assembled at solid substrate into a 

compact and preferred orientation with regular layers extending near the centimeter scale. 
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Cytotoxicity of gold nanoparticles associates with multivalent 

interactions at interface 
 

Batakrishna Jana, Huyeon Choi1, Kibeom KIM2, Ja-Hyoung Ryu2,*, Chaekyu Kim2,* 

 
chemistry, Ulsan National Institute of Science and Technology, Korea 

1Ulsan National Institute of Science and Technology, Korea 
2Department of Chemistry, Ulsan National Institute of Science and Technology, Korea 

  

Design and synthesis of nanomaterials for biomedical application continues to receive immense interest 

among the researcher. Among various nanoparticles, gold nanoparticles have recently garnered great 

attention for biomedical applications (e.g., diagnostic and therapeutic applications) because of their unique 

fundamental properties. Gold nanoparticles are mostly used for drug delivery due to their non-toxic and 

biocompatible nature. Here, we have designed hydrophobic gold nanoparticles, which show cytotoxicity to 

cancer cells as well multidrug resistance cancer cell and induce apoptosis to cancer cell by ROS generation. 

Moreover, this hydrophobic gold nanoparticles also inhibit the spheroid growth. This finding will help in 

consideration of toxicity during the design of gold nanoparticles for drug delivery application. 
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Colorimetric detection of cadmium ions using Au@Ag core-shell 

nanoparticles 
 

Sung Hee Choi, Yun Sik Nam1, Kang-Bong Lee* 

 
Green City Technology Institute, Korea Institute of Science and Technology, Korea 

1Advanced Analysis Center, Korea Institute of Science and Technology, Korea 

  

Functionalized bimetallic nanospheres were synthesized and studied for the visual detection of cadmium 

ions(Cd2+) in aqueous samples. The optical properties and physical properties of silver coated gold 

nanoparticles(Au@Ag NPs) were characterized by UV-Vis spectroscopy and transmission electron 

microscopy. The influencing factors such as pH and temperature, reaction time were investigated. The 

intrinsic color of the Au@Ag NPs changes from orange yellow to light green with cadmium ions. The 

colorimetric method was successfully applied to the determination of Cd(II) in real samples. 
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Study on synthesis, crystal structure, oxygen ionic conductivity of 

Langasite based new compounds 
 

BONGSOO SON, Ha Eun Lee, JINHO SHIN, Seung-Joo Kim* 

 
Department of Energy System, Ajou University, Korea 

  

A langasite-type La3Ga5GeO14 has been studied primarily as a piezoelectric material. The crystal structure 

of La3Ga5GeO14 is very similar with the melilite, La1+xSr1-xGa3O7+x/2, which has been known to show high 

oxygen ion conductor. In the melilite structure, lanthanum was equivalently substituted with strontium to 

add oxygen in the interstitial site, leading to the high oxygen ion conductivity. In this study, we synthesized 

La3Ga5+xGe1-xO14+x/2 (x = 0 ~ 0.5) by solid state reaction to introduce interstitial oxygen in the lattice. The 

crystal structure of La3Ga5+xGe1-xO14+x/2 (x = 0 ~ 0.5) was characterized by powder X-ray diffraction. The 

La3Ga5+xGe1-xO14+x/2 (x = 0 ~ 0.5) crystallize hexagonal symmetry with space group P321. The position of 

interstitial oxygen was confirmed by Maximum Entropy Method (MEM). The oxygen ion conductivity was 

measured up to 900℃(± 5), the highest ion conductivity was 2.13×10-3S/cm(x = 0.4) and the activation 

energy was 1.12 eV (x = 0.4). 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-556 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Ternary Plasmonic Metal-Semiconductor Hierarchical Photocatalysts 

for Efficient Hydrogen Production 
 

Dae Han Wi, Jong Wook Hong1, Sang Woo Han* 
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1Chemistry, University of Ulsan, Korea 

  

Solar energy conversion to chemicals through photocatalysis holds great promise for solving the energy 

and environment problems that are now being faced. Practical application, however is limited in terms of 

low light harvesting efficiency, fast charge recombination, and low stability of photocatalysts. Herein, we 

developed efficient solar energy harvesting platform, which is constructed with shaped controlled 

plasmonic metal and two types of semiconductors with complementary band structures. The plasmonic 

metal-semiconductor hybrids exhibited excellent hydrogen photocatalytic activity compared to various 

their counterparts. The hydrogen production enhancement is attributed to synergistic structural and 

compositional advantages of the plasmonic metal-semiconductor hybrids such as 1) efficient plasmon 

energy transfer, 2) wide range of light absorption, and 3) retardation of charge carriers by desirable 

migration based on intimated contact between constituents. 
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Synthesis of perylene-based wavelength shifting dyes and their 

application to a light converting agricultural film 
 

Jin Woong Namgoong, Tae Gyu Hwang, Jae Pil Kim* 

 
Department of materials science and engineering, Seoul National University, Korea 

  

A method that adjusts the light condition of photosynthesis has been studied. This approach involves 

manipulation of sunlight radiation by wavelength shifting for improved photosynthesis efficiency. Most 

plants mainly use blue light (400–500 nm) and red light (600–700 nm) for photosynthesis. Therefore, 

spectral conversion of green light in solar radiation into red light can enhance the photosynthesis efficiency 

of plants. For this, some studies using light converting films with inorganic fluorescent materials or 

fluorescent pigments have been conducted. The inorganic substances and pigments, however, easily 

migrate within the film due to their low compatibility with polymers, and this leads to a decline of optical 

properties of the light conversion films. To solve this issue, we synthesized soluble perylene-based 

wavelength shifting dyes presenting high stability and spectral converting efficiency within a polymer film. 

The synthesized dyes were blended with an acrylic polymer binder, and the mixture then coated on poly 

ethylene films, followed by heat treatment. As a result, the prepared fluorescent film showed high spectral 

converting efficiency without the migration of dye molecules and degradation of optical properties. 

Furthermore, the result of cultivation of lettuce and kale displayed an improvement in growth. In conclusion, 

this study demonstrates that the bulky aryl substituted perylene dye is efficient as a wavelength shifting 

material and provides suitable miscibility to poly ethylene based agricultural films, and confirms that the 

light converting film was effective in increasing productivity of the chosen plants. 
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Water-soluble Quantum Dot Nanoprobes using multidentate ligangds 

for Point-of-Care Lateral Flow Assay 
 

Jinyeong Kim, oh seok kwon1,* 
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Lateral flow assays (LFA) are simple devices intended to detect the presence (or absence) of a target analyte 

in sample (matrix) without the need for specialized and costly equipment. Although, this diagnostic tools 

have provided attractive advantages, the limitations such as low sensitivity and storage remains as 

challenges. In this research, we provided quantum dots (QDs) based LFA with high sensitivity and long-

term stability. Especially, QDs were synthesized under liquid state, so they have high stability and quantum 

yield. Moreover, the surface of the QDs was modified with multidentate ligands, such as carboxylic 

terminal groups and the HRP2 antibody were easily conjugated by EDC-NHS coupling reaction. The HRP2 

antibody-conjugated QDs were used for LFA application and they showed higher detection level comparing  

to the conventional Au nanoparticle-based LFA kits. 
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Emission color tuning of copper halide melamine complex by halide-

substitution 
 

Juhyun Kim, Jaegyeom Kim, Woojin Yoon, Hoseop Yun, Seung-Joo Kim* 

 
Department of Energy Systems Research, Ajou University, Korea 

  

CuX(melamine) (X = Br and I), a new organic-inorganic hybrid material, were synthesized as single 

crystals via hydrothermal method. Their crystal structures were determined by single crystal X-ray  

diffraction and all compounds show triclinic symmetry (space group = P -1). In these structures, copper 

halides exhibit 1-dimensional stair step polymer structure built up by two chains including copper atom and 

halogen atom. Three halogen atoms are coordinated to copper atom and each melamine ligand affords one 

N-heterocycle N atom as the forth coordination of Cu. Abundant hydrogen bonds of melamine stabilize the 

crystal structure by connecting inter and intralayer. Photoluminescence properties of CuBrxI1-x(melamine) 

were investigated according to halogen atom ratio. When excited at about 300 nm, the maximum emission 

wavelengths in the photoluminescence spectra were varied on the compositional ratio of halides : e. g. blue 

for x = 0, white for x = 0.5 and green for x = 1. 
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Crystal structure prediction of magnetic transition metal using 

descriptor: d-orbital occupancy rule 
 

Taewon Jin, Changhoon Lee1, Ji Hoon Shim1,* 
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1Department of Chemistry, Pohang University of Science and Technology, Korea 

  

Prediction of structural phase in the composition of various transition metals is highly required because the 

material properties are deeply related to the crystal structures [1]. In the early pioneering work of Skriver, 

the d-orbital occupancy, , has been suggested as a simple descriptor to predict the structural phase of 

transition metal composition in nonmagnetic ground state [2]. In this work, we suggest new descriptor ( is 

spin moment.) to predict stable crystal structure, which can be generally applied to ferromagnetic system 

as a extension work of Skriver`s work. Using first-principles calculation, we show that all 3d, 4d, and 5d 

transition metals follow this rule. Also, we confirm that can be used to predict the crystal structure of 

transition metal under pressure and electron doping. We suggest that this rule can be widely applied to the 

prediction of various transition metal composite. [1] V. Lota, J. H. P. Klepeis, and C. S. Yoo Appl. Phys. 

Lett. 90, 042505 (2007).[2] H. L. Skriver, Phys. Rev. B 31, 1909 (1985). 
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Fractal dimension analysis in ferroelectric copolymer thin films using 

R-based image processing 
 

Seon Hyoung Kim, Jongin Hong1,* 
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We studied the fractal analysis in ferroelectric copolymer films to understand the effect of polarization  

relaxation on domain wall roughness. Under humidity-controlled conditions that can affect the polarization  

dynamics, polarization relaxation of irregular domains results from the domain back reversal at the 

boundaries where the antiparallel polarization encounters, and therefore has a significant influence on the 

fractal dimension of the irregular domains as a function of time. The polarization switching was 

characterized by piezoresponse force microscopy (PFM). The thickness was determined by transmission 

electron microscopy (TEM), and the crystalline structure was characterized by X-ray diffraction and Fourier 

transform infrared spectroscopy (FT-IR). 
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NiO thin films prepared by chemical bath deposition for sustainable 

applications 
 

Minjeong Park, Jongin Hong1,* 

 
Chung-Ang University, Korea 

1Department of Chemistry, Chung-Ang University, Korea 

  

NiO thin films were prepared on FTO conducting glass by chemical bath deposition (CBD) at different  

conditions, such as precursor concentrations and growth time. The prepared and annealed films exhibited  

porous structures. The porous morphology is observed by Scanning Electron Microscope (SEM). The 

prepared NiO films were characterized by X-ray diffraction (XRD), Fourier transform infrared (FTIR) 

spectroscopy, Raman spectroscopy and X-ray photoelectron spectroscopy (XPS). The porous films were 

investigated for sustainable applications including electrochromic devices, electrocatalysts and 

supercapacitors. 
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The effect of electrical poling on TiO2 properties in dye-sensitized solar 

cells (DSSCs) 
 

Da-Heon Park, Jongin Hong* 

 
Department of Chemistry, Chung-Ang University, Korea 

  

Electron transfer in nanostructured TiO2 photoanodes are of significant importance in dye-sensitized solar 

cells (DSSCs). We adopted electrical poling (called 'electroforming') to control electrical conductivity of 

the TiO2 photoanodes and investigated its efficacy on the DSSC performance by J-V characteristics and 

electrochemical impedance spectroscopy (EIS). We suggest that the migration of either oxygen ions or 

oxygen vacanicies would result in the improved performance. 
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Synthesis and characterization of diaminocyclohexane-based gelators 

for dye-sensitized solar cells 
 

KangMin Lee, Jongin Hong* 

 
Department of Chemistry, Chung-Ang University, Korea 

  

Electrolytes are one of key compoments in dye-sensitized solar cells (DSSCs) and are crucial for their 

performance and long-term stability. We synthesized aiaminocyclohexane-based gelators by a facile one-

pot method and investigated their gelation ability with various organic solvents. We also studied how such 

low molecular mass gelators influence the electrochemical properties of gel electrolytes and photovoltaic 

performance of the DSSCs. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: MAT.P-565 

Area: Material Chemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Characterization of relaxor terpolymer P(VDF-TrFE-CFE) thin films 

annealed at different temperatures 
 

Yu Kwang Kim, Seon Hyoung Kim, Jongin Hong* 
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Poly(vinylidene fluoride-trifluoroethylene-chlorofluoroethylene) terpolymer, P(VDF-TrFE-CFE), thin 

films were fabricated by spin-coating and further annealing process. The effect of the post-annealing 

temperature on P(VDF-TrFE-CFE) properties was investigated by X-ray diffraction (XRD), Fourier 

transform infrared spectroscopy (FTIR), atomic force microscopy (AFM) and piezoresponse force 

microscopy (PFM). This offers our rationale for a promise in energy harvesting and ferroelectric  

switchability would be good for plastic and wearable electronics. 
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Fe3O4/CoMoOx as an Efficient Electrocatalyst for Oxygen Evolution 

Reaction 
 

CU DANG VAN, Min Hyung Lee* 

 
Department of Applied Chemistry, Kyung Hee University, Korea 

  

The development of catalysts with low over-potential and high efficiency is the most important requirement  

to realize spontaneous water splitting.have successfully synthesized amorphous layer of Fe3O4 onto 

CoMoOx by reducing FeOOH/CoMoO4 and applied as catalysts for oxygen evolution reaction (OER). the 

Fe3O4/CoMoOx catalysts exhibit enhanced activity for the OER compared to pristine CoMoOx. The best 

catalyst (CoMoOx/Fe3O4-550℃) achieved a low overpotential (~292 mV at current density of 10 mA cm-

2) and exhibited low Tafel slope of 42 mV/dec. compared to 343 mV overpotential and 81 mV/dec. Tafel 

slope for CoMoOx. In addition, potential (1.542 V vs. RHE) of catalysts were maintained for 10 hours under 

constant current density of 10 mAcm-2, reflecting long-term stability of catalysts. 
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Preparation and characteriztion of polyoxometal tungstophosphoric 

acid bonded polyether ether ketone composite membrane and the 
membrane electrode assembly for water electrolysis 

 

BOYOUNG KIM, Jang Hoon Chung* 

 
Department of Chemistry, Myungji University, Korea 

  

Polyoxometal tungstophosphoric acid (TPA) bonded polyether ether ketone (PEEK) composite membrane 

for water electrolysis and the membrane electrode assembly were prepared. Covalently cross-linked (CL) 

sulfonated polyether ether ketone (SPEEK) was prepared in sulfonation of PEEK, cross linkage reaction 

with 1,4-diiodobutane, and addition with TPA. PEEK was covalently cross-linked with 1,4-diiodobutane 

to improve mechanical strength and was added with TPA to increase proton conductivity. TPA should be 

fixed to back bone of SPEEK to prevent bleeding out. Therefore, the carbonyl group of SPEEK was reduced 

with NaBH4 and 3-isocyanatepropyltriethoxysilane (ICPTES) was added. The TPA bonded composite was 

produced in the reaction of TPA with 3-mercaptopropyltrimethoxvsilane (MPTMS). This composite 

membrane was used as an electrolyte to prepare the membrane electrode assembly (MEA), Pt-Pd/PEM/Pd  

(MEA I) , and Pt/PEM/Pt (MEA II) by means of non-equilibrium impregnation-reduction method. MEA I 

is better than MEA II in electrocatalytic property. Cell voltage and efficiency of MEA I are 2.687 V and 

65.5 %, respectively. 
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In situ Confocal Microscopic Observation of Electrochemical 

formation and Collision of Emulsion Droplets 
 

Sangmee Park, TAEK DONG CHUNG1,* 

 
Program in Nano Science and Technology, Seoul National University, Korea 

1Division of Chemistry, Seoul National University, Korea 

  

1-ethyl-1-methylpyrrolidinium bromide (MEPBr) is a promising bromine-complexing agent that forms  

insoluble organic phase of MEPBr3 in redox flow battery. A series of optical images obtained by real time 

confocal microscopy with tens of millisecond interval visualize how MEPBr3 emulsion is electrochemically  

formed and collide with the electrode surface. Two types of electrodes, a Pt microdisk of 10 μm diameter 

and a 2.5 mm long Pt wire of 25 μm diameter, show evident correlation between electrochemical behaviors 

and optical images of droplets. The droplets start generating on the electrode surface at the onset potential 

for bromide oxidation. As the overpotential increases, the droplets adsorbed onto the electrode surface 

become larger and small droplets start detaching at 0.925 V or higher potential. Some of the droplets fallen  

away from the surface move back and collide with the electrode surface. At this time spike shaped current 

is observed by chronoamperogram simultaneously. In this study, real time confocal microscopy reveals that 

the droplets are heterogeneously formed by electrochemical reaction and single droplet collide back onto 

the electrode surface, providing a better understanding of the phenomena of bromide redox flow battery 

electrode surfaces. 
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Chip-based electrochemical immunoassay free of reference and 

counter electrodes with 3D interdigitated electrode array 
 

SUNMI LEE, TAEK DONG CHUNG1,* 

 
Program in Nano Science and Technology, Seoul National University, Korea 

1Division of Chemistry, Seoul National University, Korea 

  

We demonstrate that the three-dimensional (3D) interdigitated array (IDA) chip operates as a 

electrochemical biosensor without reference and counter electrodes. Reference and counter electrodes are 

considered essential components to apply potential of the magnitude that can trigger the intended redox 

process but they are unwieldy for chip-based electrochemical detection. Using the 3D IDA electrode 

configuration, we propose a unique electrochemical system that can control applied potential to the pair of 

working electrodes even though reference and counter electrodes do not exist on the chip separately. The 

electrochemical potential of the 2-electrode (2E) system is defined by the potential of the electron transfer 

mediator, poly(methylene green), which is immobilized with poly(dopamine) on the ITO surface by 

electropolymerization. The 3D IDA electrode chip in the 2E system sensitively operates as an 

electrochemical immunosensing platform. Creatine Kinase-MB in human serum was measured down to ~ 

pg /mL level with the chip. Therefore, the 3D IDA in the 2E system is a simple platform that can achieve 

electrochemical detection with nL level of sample volume sensitively in miniaturized multip lex 

immunoassay. 
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Method for non-chromic surface treatment of the lead tab 

 

Jeongsuk Cheon, Jongwon Kim* 

 
Department of Chemistry, Chungbuk Natioanl University, Korea 

  

Lead tab is a terminal for a pouch type lithium ion battery and consists of metal tabs and plastic insulating 

films. A pouch type lithium ion battery is widely used in diverse fields, such as smartphone, electric vehicle 

and energy storage system industry. Lead tab is a key component that determines stability and chemical 

resistance of pouch type lithium ion batteries; therefore, chromium oxide layers are coated on the tabs in 

order to enhance chemical resistance between the metal tabs and the insulating films of lead tab. Chromium 

is harmful to human body and causes environment problems; therefore, industry is currently developing 

non-chromic treatment techinques of lead tabs. In this work we developed an eco-friendly coating 

technology to the tab which improves the chemical resistance of the pouch type lithium ion battery. An 

electrochemical method is applied in the tab with an eco-friendly coating technique for enhancing the 

adhesion between the metals and insulating films, wherein the anti-electrolytic performance was 

comparable to the Cr based-surface treatment. The surface treatment with improved electrolytic resistance 

of lead tab improves battery life time. A non-chromic surface treatment of the lead tab is useful as the most 

effective alternative to regulatory policy against chrome use. 
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Milkweed fiber derived mesoporous carbon nanotiles for enhanced 

performance of lithium-sulfur batteries 
 

Euh Duck Jeong*, JOO-WOON LEE1, Junki Kim2 

 
National Research Facilities and Equipment Center, Korea Basic Science Institute, Korea 

1Korea National University of Transportation, Korea 
2Dong-A University, Korea 

  

Mesoporous carbon nanotiles (MCNs) were prepared from milkweed fibers (MFs) by two-step carbonizing  

and activating process. The MCNs hollow carbon template with a large surface area (1756.92 m2 g-1) is 

beneficial to both trapping soluble polysulfide intermediates and improved the electrical conductivity of 

the electrode. MCNs-S cathode active materials were synthesized by using MCNs and dissolved sulfur in 

CS2 solution. Scanning electron microscopy and high resolution transmission microscopy energy 

dispersive spectroscopy, X-ray diffractometer, and FT-Infrared spectroscopy, X-ray photoelectron 

spectroscopy were used to characterize the surface morphology, structures, microtopography and chemical 

composition of materials. MCNs-S composites are prepared with different sulfur contents (62, 80 and 94 

wt.%) and the MCNS-S with 80 wt.% of sulfur content (MCNs-8S) displays an excellent cycle performance. 

The resulting MCNs-8S composite exhibits a stable specific capacity of 557 mAh g-1 after 200cycles at a 

current density of 0.5C. In the case of the MCNs-9S with high sulfur content, the capacity is significant 

increased from 463 mAh g-1 to 743 mAh g-1 after 200 cycles when coupled with a carbon-coated separator. 

This experiment results provides new carbon materials from biomass for practical application in Li-S 

batteries. 
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Toward an effective control of the H2 to CO ratio in the 

electroreduction of CO2 over titanate nanosheets incorporating Au 
nanoparticles 

 

Filipe Marques Mota, Dong Ha Kim* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

In recent years the electroreduction of CO2 to valuable products has emerged as a rational answer to uprising 

CO2 emissions and a promising approach to incorporate renewable electricity from intermittent sources into 

the global energy supply. In particular the reduction of CO2 to CO has been highlighted in the widely 

explored industrial conversion of syngas (H2 and CO) to fuels through subsequent technologies. In this 

work we report for the first time a strategy to tune the H2 to CO ratio by facile composition control of the 

components of a rationally designed binary nanostructure. By adjusting the loading of Au nanoparticles 

(AuNP) in a 0 to 93 wt.% range immobilized on ultra-thin titanate nanosheets (TiNS), the CO Faradaic 

efficiency, balanced by an exclusive H2 formation (HER), could be effectively varied in a 3 to 80% range. 

Based on gathered XPS characterization, an electronic reconstruction was proposed to dictate the 

stabilization of formed reaction intermediates and subsequent selectivity to H2 and CO with these 

AuNP/TiNS hybrid materials. In addition, with a 73 wt.% Au loading optimally high H2 and CO production 

current densities could be achieved at the low cathodic potential region (-0.6 to -0.9 VRHE). We believe that 

our novel hybrid nanostructure and its underlying synthesis strategy represent an innovative and promising 

route to produce syngas with widely tunable H2 to CO ratios and an industrial platform for a sustainable 

CO2 reutilization to products of higher value. 
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Sonochemical Preparation of Extremely Small and Amorphous binary 

metal-based Nanoparticles as Superior Electrocatalysts for Oxygen 
Evolution Reaction 

 

Ah-Hyeon Park, Young-Uk Kwon* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

Highly active and durable electrocatalysts are required for the development of water electrolysis for 

renewable energy conversion and storage. Herein, cheap and abundant non-precious metal binary-

nanomaterials have been prepared via the one-pot syntheses for oxygen evolution reaction (OER) in 

alkaline media. The sample that includes Fe, Co, and Ni showed an excellent catalytic activity and NiFe-

based nanomaterials showed superior to OER catalytic activity and durability. By using a simple 

sonochemical route, we achieved the preparation of amorphous and composition tunable NiFe-based 

nanomaterials which are received lots of attentions as desirable and novel electrocatalyst with low 

overpotential for OER. Through the structural characterization, we found that these materials have 

extremely small particle size and homogeneous elemental compositions. Electrochemical analysis also 

showed that the OER activity of samples exhibit the volcano-type trend according to adjusting of Fe content. 

Among them, Ni70Fe30 sample showed overpotential of 292 mV at 10 mA cm-2geo and Tafel slope of 

30.4 mV dec-1, which outperform that of IrOx/C (326 mV, 41.7 mV dec-1). Chronopotentiometry at 10 

mA cm-2geo for 2 h of samples for durability test reveals that Ni70Fe30 sample maintains the steady-state 

potential compared with that of IrOx/C, meaning an excellent durability of our samples. This work 

demonstrates that sonochemical syntheses could be novel approach to prepare superior and durable OER 

electrocatalyst for water electrolysis and metal-air battery. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ELEC.P-574 

Area: Electrochemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Facile synthesis of PdCu alloy as highly active electrocatalysts for 

methanol oxidation reaction 
 

Wenjuan Shi, Hyun-Uk Park, Ah-Hyeon Park, Jong-Un Jung, Young-Uk Kwon* 

 
Department of Chemistry, Sungkyunkwan University, China 

  

We have successfully synthesized a new class of dispersed non-Pt catalysts with sub-10 nm size by the 

ultrasound-assisted polyol syntheses method. The as-prepared PdCu alloy is either a sigle, fcc-type phase 

or phase-segregated into domains of chemically ordered bcc- and chemically disordered fcc-type structure. 

The lattice parameter of the PdCu catalysts was shown to increase with increasing Pd%. The PdCu alloys 

have revealed a synergistic correlation between the catalytic activity, atomic-scale structure and 

composition. In addition, electrochemical measurements indicate that the PdCu alloys exhibit substantially 

highly active and durable catalytic properties for methanol oxidation, ascribed to the well-dispersed  

nanoparticles, and the possible synergistic and electronic effect between these two metals. We trust that our 

efforts not only pave a new way for preparing the highly-dispersed nanocatalysts with small size, but also 

provides an effective strategy to synthesize non-Pt methanol oxidation reaction catalysts with enhanced 

catalytic performance. 
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Tubular MoSSe/MWCNT composite for highly effective and reversible 

lithium (Li) storage electrode 
 

Sujung Kim, Yena Kim1, Hye Ryung Byon* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

1Surface and Interface Science Laboratory, RIKEN, Japan 

  

Two-dimensional molybdenum disulfide (MoS2) has been extensively investigated in applications for 

lithium (Li) storage material owing to its high theoretical capacity of ~670 mAh/g, while its low ionic and 

electrical conductivities and poor reversibility have tackled further development for battery applications. 

To mitigate these challenges, here we show incorporation of heteroatom with the same chalcogen group, 

selenium (Se), to MoS2 and design tubular structure by coating on multi-walled carbon nanotube 

(MWCNT). The molybdenum sulfide selenide (MoSSe) shell on MWCNT structure was synthesized from 

one-pot hydrothermal reaction. Transmission electron microscopy (TEM) images exhibit bi- or tri-layers  

of MoSSe shell that coaxially coat the sidewall of MWCNT. Electron energy loss spectroscopy (EELS) 

analysis reveals 1: 0.7: 1 atomic ratio of Mo: S: Se for MoSSe shell. Notably, the presence of Se distorts 

total lattice structure, thus increasing the interlayer space to 6.6 Å, which is 0.4 Å larger than Se-free 

MoS2. To evaluate electrochemical storage capability, few-layer MoSSe/MWCNT composites were 

prepared to binder-free and three-dimensional (3-D) structural electrode. The specific capacity for 

MoSSe/MWCNT electrode coupled with a counterpart of metallic Li electrode is ~1,900 mAh/g at a current 

density of 100 mA/g and ~95% of Coulombic efficiency is delivered. The 3-D electrode structure and few-

layer MoSSe on MWCNT may allow for short diffusion distance of Li+ ion and fast electron transfer, 

respectively. In addition, the distorting atomic structure may signify the mobility of Li+ ion inside MoSSe 

shell. Finally, the few-layer MoSSe with MWCNT electrode is stably cycled in the measured 30 cycles, 

which is distinct from poor capacity retention of MoS2/MWCNT electrode. 
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Investigation of Synergetic Effect of PdFePt Ternary Nanoparticles 

and Their Electrocatalytic Properties for Oxygen Reduction Reaction 
 

Hyun-Uk Park, Wenjuan Shi, Ah-Hyeon Park, Jong-Un Jung, Young-Uk Kwon* 

 
Department of Chemistry, Sungkyunkwan University, Korea 

  

In this work, we have studied synergetic effect of PdFePt nanoparticles (NPs) supported on carbon support 

(PdFePt/C) along with different Pd precursors (Pd(acac)2 and PdO) and investigated their electrocatalytic 

performance for oxygen reduction reaction (ORR). PdFePt/C_Pd(acac)2 and PdFePt/C_PdO samples 

showed 4.5 and 2.8 nm sized PdFePt NPs respectively, and were synthesized by a one-step ultrasound-

assisted polyol synthesis (UPS). For the preparation of PdFePt/C samples, Pt(acac)2, Fe(acac)3, Pd(acac)2 

(or PdO) and carbon support were dispersed in ethylene glycol and irradiated by ultrasound for 3 h. Based 

on the structural characterization, we found that PdFePt/C_Pd(acac)2 sample have wide particle size 

distribution because of such big nanoparticles, whereas PdFePt/C_PdO sample show relatively well-

dispersed and uniform sized PdFePt NPs on carbon support. It assumed that there might be difference 

pathway for particle growth during the synthetic process arose from different Pd precursors. Electrocatalytic  

properties of samples were investigated by rotating disk electrode (RDE) measurement. Compared with  

commercial Pt/C, PdFePt_Pd(acac)2 and PdFePt/C_PdO samples showed the enhanced ORR activity and 

durability in acid media. In conclusion, we observed that the synergetic effect of PdFePt ternary 

electrocatalyst along with types of Pd precursors and it can play a important role in elelectrocatalytic  

performance and durability. 
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FeOF Nanoparticles Wrapped in Graphitic Carbon Layers as a 

Cathode Material In-Situ Prepared from Fe-MIL-88B for Sodium-Ion 
Batteries 

 

Achmad Yanuar Maulana, Jongsik Kim* 

 
Department of Chemistry, Dong-A University, Korea 

  

In recent decades, lithium-ion batteries (LIBs) have been dominantly utilized as a main power source for 

portable electronics and electric vehicles. However, lithium metal has the limited reverses in specific 

regions and is very expensive. These problems make LIBs difficult to use in large-scale energy storage 

systems (ESS). Sodium-ion batteries (SIBs) have been considered as a promising alternative candidate for 

replacing LIBs because of the high abundance and economic benefits of sodium. Iron oxyfluoride (FeOF) 

has been attractive as one of most suitable cathode materials for SIBs because it has high theoretical 

capacity (about 788 mAhg-1), low cost, and environmental friendliness. However, FeOF has often suffered 

from poor rate capability and cycling stability due to its low electronic conductivity and ion-diffusion 

coefficient. In this work, we synthesized FeOF nanoparticles wrapped in graphitic carbon layers 

(FeOF/GCL) in-situ prepared from Fe-containing metal-organic frameworks (e.g. Fe-MIL-88B). 

FeOF/GCL exhibited the improved initial discharge capacity of about 480 mAhg-1 with superior cycling 

stabilities to bulk FeOF at a current density of 20 mAg-1 and voltage range of 1.0-4.0 V. 
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One label-based fluorescence detection of an endopeptidase 

 

Haesik Yang*, JeongHwa Shin 

 
Department of Chemistry, Pusan National University, Korea 

  

In order to detect a protease that cleaves the peptide bond between two specific amino acids via fluorescence, 

a synthetic peptide modified with two labels (a donor and an acceptor) for fluorescence resonance energy 

transfer(FRET) is commonly used. However, the preparation and optimization of a peptide for the sensitive 

and selective detection of a target protease are time-consuming. We report a homogeneous fluorescence 

assay that allows the simple and sensitive detection of BoNT/E-LC using (i) a peptide substrate modified  

with one fluorescence label [7-amino-4-methylcoumarin(AMC)] and (ii) a two-step proteolytic cleavage 

by BoNT/E-LC and L-leucine-aminopeptidase(LAP). BoNT/E-LC cleaves the specific peptide bond 

between arginine and isoleucine within C-terminally 7-amino-4-methylcoumarin(AMC)-labe led  

oligopeptide, leaving fragmented isoleucine-AMC. Subsequently, LAP cleaves the peptide bond between 

isoleucine and AMC, liberating fluorescent AMC. This method does not require two label-modified  

peptides. Capping the oligopeptide with the D-form of tyrosine does not result in better performance in 

terms of detection limit, although a higher concentration of LAP can be used. The detection limit for 

BoNT/L-EC in both phosphate-buffered saline and commercial bottled water is 2 ng mL-1 for incubation 

period of 1h. The fluorescence detection is selective for BoNT/E-LC among the four tested BoNTs. 

Fluorescence detection using one label can be readily applied to any type of proteases without using FRET. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ELEC.P-579 

Area: Electrochemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
The Role of Solid Electrolyte Interphase (SEI) at Sodium Metal 

Electrode for Sodium-Oxygen (Na-O2) Batteries 
 

Younguk Jung, Sujung Kim, Hye Ryung Byon* 

 
Department of Chemistry, Korea Advanced Institute of Science and Technology, Korea 

  

Metal-oxygen batteries have been paid attention to one of the promising next-generation batteries owing to 

their higher energy densities than current lithium-ion batteries. In particular, sodium-oxygen (Na-O2 ) 

batteries are a promising candidate applied for electric vehicles, because they provide far higher round-trip 

efficiency than lithium-oxygen (Li-O2) batteries. Unlike in Li-O2 batteries, the O2- may be stable with Na+ 

ion caused by favorable soft base and soft acid interaction. The main discharge product of sodium 

superoxide (NaO2) and insignificant amount of side product in Na-O2 cells demonstrate highly stable 

superoxide species at the positive electrode side. Nevertheless, cycling stability has still underperformed in 

Na-O2 cells, which have not as yet been fully understood. Here we improve cycling performance of Na-O2  

cells by increasing stability of negative electrode, Na metal. Na metal is highly reactive and easily forms  

solid electrolyte interphase (SEI) layer through chemical reduction of electrolyte solution. We investigated 

the stability and composition of SEI layer on Na metal and its effect on Na-O2 battery performance by 

differentiating the electrolyte. X-ray photoelectron spectroscopy and online-electrochemical mass 

spectroscopy was used to analyze the component of SEI layer on Na metal. 
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Development of a Triple Amperometric Microsensor for Simultaneous 

Measurements of Nitric Oxide, Carbon Monoxide and Hydrogen 
Sulfide 

 

Heeyoung Mun, Youngmi Lee* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

Nitric oxide (NO), carbon monoxide (CO) and hydrogen sulfide (H2S) are endogenously generated by 

enzymes in living organisms and carry out physiologically important roles as signaling molecules. These 

gases commonly mediate vasodilation, neurotransmission, inflammation, etc. Moreover, NO, CO and H2S 

are closely linked regarding their generating processes and biological roles one to another. In this research, 

the development of a triple amperometric microsensor for simultaneous measurements of NO, CO and H2S 

is demonstrated. The sensor possesses three working electrodes: 50-µm, 76-µm and 50-µm diameter 

platinum (Pt) disks (denoted as WE1, 2 and 3, respectively) in a triple capillary. WE1 is covered with NO 

selective membrane for selectivity to NO over common biological interfering species on the bare Pt disk. 

Both WE2 and WE3 are electrochemically etched to form recessed micropores. The micropore of WE2 is 

electrodeposited with porous bimetallic layers and then covered with electropolymerized polymer and CO 

selective membrane. The micropore of WE3 is filled with electrodeposited gold (Au) particles and the 

electrode surface is loaded with membrane that amplifies H2S signal. The NO/CO/H2S triple sensor is 

developed for simultaneous measurements of NO, CO and H2S gases and its sensitivity and selectivity 

showed possibility to be used for biological application. This research was supported by the National 

Research Foundation of Korea (NRF) grant funded by the Ministry of Science, ICT and Future Planning 

(NRF-2017R1A2A2A14001137). 
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Synthesis and Characterization of Electrospun Ruthenium-Cobalt 

Oxide Nanofibers and Their Catalytic Activity for Oxygen Evolution 
Reaction 

 

Areum Yu, Chongmok Lee, Myung Hwa Kim, Youngmi Lee* 

 
Department of Chemistry and Nano Science, Ewha Womans University, Korea 

  

The electrolytic splitting of water is important component of promising sustainable energy systems to 

generate hydrogen as fuel of the future. However, the oxygen evolution reaction (OER), half-reaction of 

the electrolytic water splitting reaction, is kinetically sluggish reaction. Also, RuO2 and IrO2 known as 

efficient electrocatalysts of OER are scarce and expensive. Thus, development of efficient and economic 

OER electrocatalysts is important to overcome the kinetic barriers of water splitting. In this presentation, 

various one dimensional RuCo mixed oxide nanofibers are prepared by simple electrospinning and 

subsequent calcination process. The ratios of Ru to Co in RuCo oxide nanofibers were adjusted by 

controlling the composition of electrospinning solutions. The morphologies and compositions of the 

prepared RuCo nanofibers are characterized by field-emission scanning electron microscopy, transmission 

electron microscopy, X-ray photoelectron spectroscopy and X-ray diffraction. Electrochemical activities of 

RuCo oxide nanofibers for OER are carried out with rotating disk electrode (RDE) voltammetry in 1 M 

H2SO4 aqueous solution. Although cheap and abundant Co was mixed with Ru, the activities of RuCo oxide 

nanofibers were similar with activity of RuO2 (onset potential and Tafel slope). This research was supported 

by the National Research Foundation of Korea (NRF) grant funded by the Ministry of Science, ICT and 

Future Planning (NRF-2017R1A2A2A14001137). 
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Fabrication of PEDOT:PSS-treated vanadium oxide nanospheres 
forsupercapacitor electrodes with wide operating voltage range 
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Vanadium oxide (VOx) has received growing attention as next-generation electrode material for 

supercapacitors due to its high faradic activity with wide operating voltage range based on various stable 

oxidation states of vanadium, from V5+ to V2+. However, the poor electrical conductivity of vanadium 

oxides, ranging from 10-3 Ω-1 cm-1 of V2O3 to ~104 Ω-1 cm-1 of V2O5 still hamper their practical application 

to supercapacitor electrodes. Although the use of nanoparticels can be a simple solution because they 

provide a large surface area and short diffusion path for ions, the nanoparticles should be mixed with  

polymeric binders before deposition in order for tight binding with current collectors. However, the addition 

of binders significantly lowers the merits of using nanoparticles and decreases capacitive properties of the 

electrodes. In thin work, we fabricated various supercapacitor electrodes based on the VOx nanosphere 

treated with poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS). The treatment of the 

PEDOT:PSS on the VOx nanospheres not only adhere the nanospheres to current collectors firmly without 

using any binders but also enhance the electrical conductivity of the VOx electrodes. 
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NiO films 
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.Nickel oxide (NiO), a typical electrochromic inorganic material is used in smart windows because of its 

advantages of good cyclic reversibility and low manufacturing cost. But it has low coloration efficiency in 

non-aqueous electrolyte and residue color(yellow) at bleaching state. In this study, we synthesized 

cation(Co, Zr, Zn, Cu, W, Al, V) - doped NiO powders with particle sizes of 3-5 nm by simple precipitation. 

The electrodes with highly porous structure were prepared by wet-coating method and showed 

transmittance modulation at bleached state and good coloration efficiency. Cation doped NiO and WO3 

electrode were combined to fabricate a complementary electrochromic device, which shows a ΔT of 40% 

at 660 nm and was very stable up to 1,000 cycles in Li+ gel electrolyte. 
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Carbon materials are one of famous electrocatalyst that have been studied as alternative to platinum in dye-

sensitized solar cells. However, most of the research focused on performance and have not been fully 

considered all underlying factors that dictate their electrocatalytic activity; the current understanding of the 

electrocatalytic activity of nitrogen-doped carbons is limited. In addition, the synergistic effect of metal 

nanoparticles embedded in nitrogen-doped carbon, which was recently demonstrated as a facile way to 

boost the electrocatalytic activity of carbon, remains elusive. In this works we synthesized Co/N–Cs by 

carbonizing zeolitic imidazolate framework-67 (ZIF-67) at various temperatures. Using these materials, we 

sheds light on these unknown aspects of carbon’s electrocatalytic activity by carrying out a systematic 

investigation of nitrogen-doped carbon with incorporated cobalt nanoparticles with the aid of density 

functional theory calculations and in-depth electrochemical analysis. 
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Increasing demands of sustainable energy have prompted the search for the resources that are clean and 

renewable. Solar energy is particularly attractive due to its abundance and clean nature; thus, 

photoelectrochemical system is drawing considerable attention in solar energy conversion, photocatalysis, 

and water splitting. In the photoelectrochemical system, metal-ligand complexes play an important role. In 

particular, Ru-based complex has received a considerable attention as a next-generation photosensitizer and 

photocatalyst with its outstanding optical property and photocatalytic activity. However, its limited 

photocurrent density due to the limited photo-induced electrons within a photoelectrode has been posed a 

significant challenge in the field. In this study, we fabricated a multilayered thin film photoanode composed 

of Ru complex and nanosized graphene oxide (nGO) using layer-by-layer (LbL) assembly. The terpyridine 

complexed Ru (TPY2Ru) was incorporated for high density of photo-induced electron, while nGO could 

provide an efficient electron transfer pathway. We found that the multilayered TPY2Ru and nGO resulted 

in synergistic effect for efficient water splitting with a high photocurrent density (~1.41 μA/cm2) under 

ambient condition. We anticipate that this novel strategy for designing and assembling efficient photoanode 

can offer new insights for photocatalytic devices for clean energy sources. 
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Nitrogen-doped carbons embedded with different single-atom metals (Co, Ag, Pt, and Au) are synthesized 

via the carbonization of bimetallic metal-organic framework and subsequent galvanic replacement reactions, 

and the influence of these single-metal atoms on the lithium-ion storage in the carbons is explored . 

Electrochemical investigation reveals that the single-atom metals have a profound effect on the lithium 

storage kinetics in carbons, which depends heavily on the types of metal incorporated in the carbon. 

Textural properties of the porous carbons and their electrical conductivity are significantly affected by the 

presence of the single-atom metals, and Ag stands out than other metal species in enhancing the 

performance of the carbon. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ELEC.P-587 

Area: Electrochemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
DT-Diaphorase as a Bifunctional Enzyme Label for High Signal 

Amplification 
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The most common enzyme labels in enzyme-linked immunosorbent assays are alkaline phosphatase and 

horseradish peroxidase, which, however, have some limitations for use in electrochemical immunosensors. 

We report that the small and thermostable DT-diaphorase (DT-D) and electrochemically inactive 4-nitroso-

1-naphthol can be used as a bifunctional enzyme label and a rapidly reacting substrate, respectively, for 

electrochemical immunosensors. This enzyme−substrate combination allows high signal amplification via 

rapid enzymatic amplification and electrochemical redox cycling. DT-D can convert an electrochemically  

inactive nitroso or nitro compound into an electrochemically active amine compound, which can then be 

involved in electrochemical−chemical (EC) and electrochemical−enzymatic (EN) redox cycling. The 

electrochemical immunosensor using DT-D and 4-NO-1-N detects parathyroid hormone (PTH) in 

phosphate-buffered saline containing bovine serum albumin over a wide range of concentrations with a low 

detection limit of 2 pg/mL. When the PTH concentration in clinical serum samples is measured using the 

developed immunosensor, the calculated concentrations are in good agreement with the concentrations 

obtained using a commercial instrument. Thus, the use of DT-D as an enzyme label is highly promising for 

sensitive electrochemical detection and point-of-care testing. 
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Finger Protein 
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Both high sensitivity and high specificity are crucial for detection of miRNAs that have emerged as 

important clinical biomarkers. Just Another Zinc finger proteins (JAZ, ZNF346) bind preferably (but 

nonsequence-specifically) to DNA− RNA hybrids over single-stranded RNAs, single-stranded DNAs, and 

double-stranded DNAs. We present an ultrasensitive and highly specific electrochemical method for 

miRNA-21 detection based on the selective binding of JAZ to the DNA−RNA hybrid formed between a 

DNA capture probe and a target miRNA-21. This enables us to use chemically stable DNA as a capture 

probe instead of RNA as well as to apply a standard sandwich-type assay format to miRNA detection. High 

signal amplification is obtained by (i) enzymatic amplification by alkaline phosphatase (ALP) coupled with  

(ii) electrochemical-chemical-chemical (ECC) redox cycling involving an ALP product (hydroquinone). 

Low nonspecific adsorption of ALP-conjugated JAZ is obtained using a polymeric self-assembled-

monolayer-modified and casein-treated indium−tin oxide electrode. The detection method can discriminate 

between target miRNA-21 and nontarget nucleic acids (DNA−DNA hybrid, single-stranded DNA, miRNA-

125b, miRNA-155, single-base mismatched miRNA, and three-base mismatched miRNA). The detection 

limits for miRNA-21 in buffer and 10-fold diluted serum are approximately 2 and 30 fM, respectively, 

indicating that the detection method is ultrasensitive. This detection method can be readily extended to 

multiplex detection of miRNAs with only one ALP-conjugated JAZ probe due to its nonsequence-specific 

binding character. We also believe that the method could offer a promising solution for point-of-care testing 

of miRNAs in body fluids. 
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Immunosensor Employing Stable, Solid 1-Amino-2-naphthyl 

Phosphate and Ammonia-Borane 
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Biosensors for ultrasensitive point-of-care testing require dried reagents with longterm stability and a high 

signal-to-background ratio. Although ortho-substituted diaromatic, dihydroxy and aminohydroxy  

compounds undergo fast redox reactions, they are not used as electrochemical signaling species because 

they react easily with dissolved oxygen. In this presentation, stable, solid 1-amino-2-naphthyl phosphate 

(1A2N-P) and ammonia-borane (H3N-BH3) are respectively employed as a substrate for alkaline 

phosphatase (ALP) and a reductant for electrochemical-chemical (EC) redox cycling. ALP converts 1A2N-

P to 1-amino-2-naphthol (1A2N), which is then employed in EC redox cycling using H3N-BH3. The 

oxidation and polymerization of 1A2N by dissolved oxygen is significantly prevented in the presence of 

H3N-BH3. The electrochemical measurement is performed without modification of indium−tin oxide (ITO) 

electrodes with electrocatalytic materials. For comparison, nine aromatic dihydroxy and aminohydroxy  

compounds, including 1A2N, are evaluated to achieve fast EC redox cycling, and four strong reductants, 

including H3N-BH3, are evaluated to achieve a low background level. The combination of 1A2N and H3N-

BH3 allows the achievement of a very high signal-to-background ratio. When the newly developed 

combination is applied to the detection of creatine kinase-MB (CK-MB), the detection limit for CK-MB is 

∼80 fg/mL, indicating that the combination allows ultrasensitive detection. The concentrations of CK-MB 

in clinical serum samples, determined using the developed system, are in good agreement with the 

concentrations obtained using a commercial instrument. Thus, the use of stable, solid 1A2N-P and H3N-

BH3 along with bare ITO electrodes is highly promising for ultrasensitive and simple point-of-care testing. 
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shelled CNT and its application as a direct electron transfer (DET) 
determination of glucose via glucose dehydrogenase 
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Abstract: For having good dispersion in the water and electro sensitivity, the hydrophilic dispersion of 

multi-walled carbon nanotubes (MWCNTs) have been studied and applied for bio- and electrochemistry. 

In this study, four kinds of hydrogel polymers (poly(acrylamide)-poly(vinylpyridine) (PAAd-PVP), 

poly(acrylic acid)-poly(vinylpyridine) (PAAc-PVI), poly(acrylamide)-poly(vinylimidazole) (PAAd-PVI), 

and poly(acrylic acid)-poly(vinylimidazole) (PAAc-PVI)) were employed for dispersion of MWCNTs. Its 

controlled size and dispersion in water were applied to glucose sensor. Electrode involving polymer-

MWCNTs had high sensitivity than without that. Surface morphology of the modified electrode ware 

examined by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). And 

electrochemical impedance was measured by potentiostat. Detection of glucose were measured by cyclic 

voltammetry (CV) and result of detection of glucose shown that quantification with linearly calibration  

curve with various concentration. And electrical signal for scan rate were shown linearly curve. For 

detection of glucose, modified electrodes were showed no interferences from ascorbic acid or uric acid. 

Therefore, this approach make glucose sensor develop high sensitivity and accurate. 
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Preparation and Electrochemical Investigation of Naphthalene 

Derivatives as High Energy Density Anolyte: Application for Redox 
Flow Battery 
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Redox flow battery (RFB) is a type of electrochemical energy storage devices. It is necessary to improve 

the energy density in RFB system. Herein we report the investigation on relationship between 

electrochemical properties of naphthalene derivatives. To do this we prepared naphthalene derivatives and 

investigated CV results depending on their different functional group. 
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for Oxygen Evolution Reaction 
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Recently, production of hydrogen and oxygen through water splitting has attracted much attention for clean 

energy source. However, oxygen evolution reaction (OER) is mainly considered as a rate-determining step 

in water splitting and requires high overpotential to reach a substantial current density in water electrolysis 

system. Over the past fifty years, considerable effort has been performed to synthesize and develop OER 

anode materials with efficient reaction rate and lower overpotential. Iridium oxide and ruthenium oxide 

have been frequently reported showing highly electrocatalytic OER activity. As the use of these noble 

metals limits their widespread applications, identifying cheap and efficient electrocatalysts for OER is 

essential. In this study, OER activity of transition metal hydroxides and oxyhydroxides based on relatively  

earth-abundant elements like nickel and cobalt have been extensively measured. We estimated the reaction 

efficiency and rate in a view of turnover frequency value and Tafel slope. 
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Recently, nanoelectrochemistry has attracted much interest from scientific community due to new 

electrochemical phenomena on nanoelectrodes. There are a lot of attempts to understand 

nanoelectrochemistry (e.g. collision of nanoparticles on a microelectrode and investigation on 

electrochemical behavior on nanoelectrodes prepared by laser puller or lithographic techniques. In this 

study, nanocavity electrodes with various diameters were fabricated by photolithography and focused ion 

beam. To fully analyze nanoelectrochemistry on these electrodes, redox behavior was intensively studied 

according to the kinds of redox species, concentrations of redox species, concentrations of supporting 

electrolytes, and so on. 
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with metallic cocatalysts 
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In photoelectrochemistry, p-type semiconductor is a useful material as it can be employed in water splitting 

and CO2 reduction. Generally, the conversion efficiencies of those photoelectrochemical reductions are 

much lower than the inherent quantum efficiency of the photoelectrode. It is originated from the slow 

kinetics of those chemical reactions, and can be improved by loading cocatalyst on the photoelectrode. In 

this study, various metallic cocatalysts were loaded on CuBi2O4 p-type semiconductor via various methods 

such as photodeposition, dropcast, evaporation, and their photoelectrochemical properties were examined  

in CO2-saturated bicarbonate solution. In addition, the products of photoelectrochemical reduction were 

analyzed with scanning electrochemical microscope in order to understand the relation between the 

cocatalyst and the selectivity of CO2 reduction. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ELEC.P-595 

Area: Electrochemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 
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cost-effective electrocatalysts for oxygen evolution in neutral condition 
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A quick survey of the scientific literature reveals that many efforts have been devoted to the study of the 

oxygen evolution reaction (OER) with some inspirations from nature. OER, the production of O2 by the 

electrochemical oxidation of water (H2O), is a key component of many important energy conversion and 

storage systems that utilize water-splitting as well as CO2 reduction system. In particular, the OER has been 

regarded as a rate-limiting step in commercializing a water splitting system due to the sluggish kinetics 

associated with O–H bond breaking and attendant O–O bond formation. Hence, an efficient OER 

electrocatalysts is highly desired to address this challenge by efficiently coupling multiple protons and 

electron transfers for evolving O2 at a low overpotential. Currently, RuO2 and IrO2 are regarded as the most 

efficient OER electrocatalysts. However, these noble metal-based catalysts have obvious disadvantages for 

practical applications, including a low earth abundance and a high cost.To solve this issue, we synthesized 

the Ir based bimetallic electrocatalysts (IrM, M=Ni, Co, Cr) and measured the oxygen evolution reaction 

(OER) in neutral condition for CO2 reduction reaction. The morphological feature of synthesized 

electrocatalysts was studied using transmission electron microscopy (TEM). Furthermore, the electronic 

structure of electrocatalysts was also investigated using X-ray photoelectron spectroscopy (XPS), X-ray 

absorption near edge structure (XANES) and extended X-ray absorption fine-structure (EXAFS) to propose 

the role of bimetallic oxide on OER catalytic activity. 
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electrode for highly sensitive impedimetric DNA sensor 
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Recently, various functionalized molecules are immobilized on a gold electrode surface for ultrasensitive 

DNA sensor. Thiol-based self-assembled monolayers have been often used on a gold electrode. However, 

when using this method, thiol groups can adhere to other parts. In addition, gold-thiol bonding is not stable 

so the thiol groups can be easily detached. Electrochemical reduction of diazonium is a more desirable 

strategy in a view of resistance to electrochemical perturbation and long-term stability. In this study, 4-

nitrobenzenediazonium was chosen as a diazonium compound and electrochemically modified on a gold 

electrode. Then, nitro group was converted into amino group through electrochemical reduction processes. 

After glutaraldehyde treatment, probe DNA sequence for Dengue virus was finally modified for detection 

of target DNA. All processes were electrochemically monitored using cyclic voltammetry and 

electrochemical impedance spectroscopy of ferri/ferrocyanide. 
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The use of flexible electrodes for batteries and supercapacitors is attracting growing attention for realizing  

fully flexible energy storage devices. However, the secondary batteries currently in use are mostly heavy 

and rigid, and hence are difficult to be applied. Thin film electrodes on flexible current collector substrates 

can be a solution, but repeated bending leads to electrode detachment from the current collector and 

deterioration of electrode performance. In order to overcome these problems, we fabricated a new paper 

electrode by infiltrating the electrode materials into the cellulose network of Hanji, a high-grade Korean 

paper. The infiltration was performed by dipping the slurry containing activated carbon as an active material 

and super-P as a conductive additive over the networking of the cellulose. Flexible supercapacitor devices 

were fabricated using this Hanji/AC electrode and gel-type electrolyte, and their electrochemical properties 

were investigated. 
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Cobalt-manganese oxide mesospheres supported on carbon as a highly 

efficient oxygen reduction/evolution electrocatalyst 
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The development of efficient and stable bifunctional catalysts towards the oxygen reduction reaction (ORR) 

and oxygen evolution reaction (OER) is critical consideration in some applications such as secondary zinc-

air batteries, and electrochemical water splitting. In this presentation, a simple chemical approach for 

synthesizing porous cobalt mesosphere and its hybrid structure with manganese nanostructures is reported. 

The cobalt mesosphere and related hybrid structures were characterized by X-ray diffraction, scanning and 

transmission electron microscopy, and UV-vis spectroscopy. The XRD studies confirm the successful 

synthesis of hybrid structure of cobalt mesospheres with manganese nanostructures. The formation of 

cobalt-manganese structure is through stable and simple method with hollow cobalt mesospheres as the 

templates in manganese coating synthesis. The cobalt-manganese nanostructures can be used as supportive 

electrocatalysts to exhibit enhanced catalytic activities in the ORR and OER. The electrocatalytic activity 

of the cobalt-manganese for ORR and OER in alkaline media was investigated by rotating disk electrode, 

rotating-ring disk electrode, and cyclic voltammetry. This research was supported by Basic Science 

Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry of 

Education (2016R1D1A1B03930895). 
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oxygen reduction and oxygen evolution reactions 
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Carbon nanomaterials such as graphene, carbon nanotube and carbon nanoparticle have attracted strong 

scientific and technological interests due to their unique chemical/physical properties, possibilities of mass 

production and control over the structural properties. Among them, graphene has shown great application 

potential in many files: energy, electronics, and biotechnology. Previous studies have shown that 

heteroatom-doped graphene materials can change the physical/chemical properties of pristine graphene and 

extend the possibilities of new science on graphene. Here, we have developed a simple electrochemical 

method to obtain bulk quantities of S-doped, reduced graphene oxide sheets (S-RGO) in the presence of 

sodium thiosulphate acting as a sulfur source. S-RGO exhibits much higher electrocatalytic activity toward 

oxygen reduction and oxygen evolution reactions than graphene, and much higher durability and selectivity 

than the original graphene for oxygen reduction. The excellent electrochemical performance of S-RGO is 

attributed to sulfur functional groups and the specific properties of graphene. This indicates that S-RGO is 

promising for applications in fuel cells and water splitting. The S-RGO materials are characterized by X-

ray photoelectron spectroscopy, transmission electron microscopy, and Raman spectroscopy. This research 

was supported by Basic Science Research Program through the National Research Foundation of Korea 

(NRF) funded by the Ministry of Education (2016R1D1A1B03930895). 
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Developing a photocatalysis system to generate hydrogen from water is a topic of great interest for 

fundamental and practical importance. BiVO4 Photocatalyst has suffered by the slow charge separation 

kinetics at solid/electrode interface that limits the photoelectrochemical performance (PEC). In order to 

minimize the poor properties, we modified the BiVO4 IO photocatalyst surface with an effective oxygen 

evolution co-catalyst using the simple synthesis route. The resulting co-catalyst coupled BiVO4 IO 

photoelectrode significantly improved photocurrent density and excellent photo-stability for photo-

oxidation of water, which was examined under AM 1.5 G illuminations (100mW/cm2). In particular, the 

advantages and drawbacks of catalyst deposition routes and the role of photoelectrochemical and advanced 

spectroscopic techniques for elucidation of the mechanism of the photo catalytic action will be discussed 

in detail. 
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reduced state carbon nanodots for electrocatalytic application 
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Carbon nanodots (CNs), mainly consisting of a graphite structure or amorphous carbon core and 

carbonaceous surfaces with rich oxygen-containing groups, have attracted tremendous interest because of 

their unique properties, including high surface area, superior electro-optical properties, high water solubility, 

and high chemical stability. In this presentation, stable metallic nanoparticles/CNs composite (M/CNs) was 

prepared by using CNs as reducing and stabilizing agent. To the best of our knowledge, the use of CNs as 

reducing and stabilizing agents has rarely been reported in conjunction with their use in the fabrication of 

M nanoparticles (M = Ag, Cu, Co). The electrocatalytic activity of the M/CNs for oxygen reduction reaction 

in alkaline media was investigated by rotating disk electrode, and cyclic voltammetry. Indeed, the resultant 

M/CNs composite exhibited good catalytic activity for the reduction of oxygen, compared with the metallic  

nanoparticles synthesized by citrate reduction. The compositional/structural features are characterized by 

high-resolution transmission electron microscopy, scanning electron microscopy, Fourier transform 

infrared and UV-Vis spectroscopy. This research was supported by Basic Science Research Program 

through the National Research Foundation of Korea (NRF) funded by the Ministry of Education 

(2016R1D1A1B03930895) 
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electrodes based on MnO2 and Fe2O3 nanoparticles 
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Transition metal oxides (TMOs) are one of the most attractive electrode materials for pseudocapacitors due 

to their high specific capacitance with faradaic redox reactions, low cost and environmentally friendly  

characteristics. However, due to their poor electrical conductivity, the TMOs-based electrode should be 

nanostructured in order to increase its surface area and hence facilitate charge transport between the 

electrode and electrolyte. Furthermore, low energy density of the TMOs-based electrodes still limits many 

applications requiring long duration. Since the energy density, E, is strongly dependent on the operating 

voltage, V, as well as the device capacitance, C, according to the equation, E = 0.5 CspV2, it is important  

to extend the operating voltage window in order to improve the energy density of the device. In this context, 

we fabricated asymmetric supercapacitor electrodes based on two types of metal oxide nanoparticles, i.e. 

manganese oxide (MnO2) and iron oxide (Fe2O3) nanoparticle, with different operating voltage window. 

Since the Fe2O3 and MnO2 electrode operate at negative and positive voltage range, respectively, the 

asymmetric combination of the two electrodes is expected to extend the operating voltage and hence 

increase the energy density of the devices. Other capacitive properties such as voltammetric response and 

cycle life of the electrodes are also investigated 
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Electrochemical Characteristics of Pitch Coated Silicon/Graphite 

Anode Composites 
 

Su Hyeon Lee, Jong Dae Lee* 

 
Department of Chemical Engineering, Chungbuk Natioanl University, Korea 

  

In recent years, carbon-based materials have been extensively investigated as an anode material for Li-ion  

battery (LIB). Because of their low material cost, abundance, nontoxicity and good capacity, carbon 

materials have been considered promising materials for LIB anodes in portable electronic devices and 

electric/hybrid vehicles. Despite these advantages, the practical application of carbon-based materials in 

many electronic device and electric/hybrid vehicles is still limited by its poor electrochemical performances. 

To enhance these electrochemical performances, we synthesized pitch coated Silicon/Graphite composites 

as an anode material. Pitch coated Silicon/Graphite composites were prepared by the fabrication processes 

including the synthesis of silica nanoparticles, magnesiothermic reduction of silica nanoparticles, and 

silicon attachment on the surface of graphite by carbonization of pitch. In this study, the effects of 

concentration of TEOS and NH3, mixing speed, and temperature on particle size of silica nanoparticles 

were investigated. Prepared pitch coated Silicon/Graphite composites were analysed by TGA, XRD and 

FE-SEM. Also the electrochemical performances of pitch coated Silicon/Graphite composites as the anode 

were investigated by constant current charge/discharge, cyclic voltammetry and electrochemical impedance 

tests in the electrolyte of LiPF6 dissolved in organic solvents(EC:DMC:EMC=1:1:1 vol%). The result 

shows that the anode electrode of pitch coated Silicon/Graphite composite is able to improve the capacity 

and cycle stability considerably. This is because the pitch layer encapsulating silicon nanoparticle forms 

passivation films on graphite surfaces and improves the structural stability. 
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Sea urchin-like Li4Ti5O12 nanostructure with high energy density and 

improved ionic transport for lithium storage 
 

Min-Cheol Kim, Sang-Hyun Moon1, Sojeong Choi1, Eun-Soo Kim1, Ji-Eun Lee1, Yeon-
Kyung Shin1, Kyung-Won Park1,* 

 
Department of Chemical Eng., Soongsil University, Korea 

1Department of Chemical Engineering, Soongsil University, Korea 

  

Li4Ti5O12 (LTO) with a spinel structure is attractive as a promising anode for lithium-ion batteries due to a 

high charge/discharge voltage versus Li/Li+ and almost no volumetric expansion with improved cycle 

performance. In this study, a sea urchin-like nanostructured LTO (F-LTO) was prepared in the presence of 

F-127 as a surfactant. The morphology and structure of the samples were confirmed using field emission 

scanning electron microscopy (FE-SEM) and X-ray diffraction (XRD) method. To investigate the 

electrochemical properties of the samples, charging/discharging analysis was performed for 1,000 cycles 

at a high current density. F-LTO showed an improved capacity retention rate and a high average capacity 

compared to the LTO sample prepared in the absence of F-127. It was found that, when using the high-rate 

performance analysis at different charging/discharging current densities, the intercalation of Li+ ion to an 

electrode might be a crucial factor to reduce capacity and energy density. Due to its porous nanostructure 

with high specific area, F-LTO showed low polarization and improved kinetic properties, resulting in 

enhanced LIB performance including high energy density and cycling properties. 
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Nitrosoreductase-Like Nanocatalyst for Ultrasensitive Biosensing 

 

Ponnusamy Nandhakumar, Haesik Yang* 

 
Department of Chemistry, Pusan National University, India 

  

Enzyme-like nanocatalytic reactions developed for high signal amplification in biosensors are of limited  

use because of their low reaction rates and/or unwanted side reactions in aqueous electrolyte solutions 

containing dissolved O2. We report a nitrosoreductase-like catalytic reaction, employing 4-nitroso-1-

naphthol, Pd nanoparticles, and H3N−BH3, which affords a high reaction rate and minimal side reactions, 

enabling its use in ultrasensitive electrochemical biosensors. 4-Nitroso-1-naphthol was chosen after five 

hydroxy-nitro(so)arene compounds were compared in terms of high signal and low background levels. 

Importantly, the nanocatalytic reaction occurs without the self-hydrolysis and induction period observed in 

the nanocatalytic reduction of nitroarenes by NaBH4. The high signal level results from (i) fast nanocatalytic 

4-nitroso-1-naphthol reduction, (ii) fast electrochemical redox cycling, and (iii) the low influence of 

dissolved O2. The low background level results from (i) slow direct reaction between 4-nitroso-1-naphthol 

and H3N−BH3, (ii) slow electrode-mediated reaction between 4-nitroso-1-naphthol and H3N−BH3, and (iii) 

slow electrooxidation of H3N−BH3 at electrode. When applied to the detection of parathyroid hormone, the 

detection limit of the newly developed biosensor was ~0.3 pg/mL. The nitrosoreductase-like nanocatalytic 

reaction is highly promising for ultrasensitive and stable biosensing. 
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Gold nanoassemblies as efficient bifunctional catalysts for HER/OER 

 

Hyunjun An, Sujin Jo, Jun Ho Shim* 

 
Department of Chemistry, Daegu University, Korea 

  

The depletion of fossil fuels and increase in energy demand are critical challenging issues that cause for the 

finding alternative earth abundant energies and efficient devices of energy storage system. Solar and wind 

energy, and wave power are alternative energy sources for energy demand issue, while those are intermittent 

resources. Electrochemical water splitting is one of a promising way to convert electrical energy into 

chemical energy. Indeed, hydrogen fuel can be used as non-intermittent clean energy resources. Water 

splitting composed of two half reactions including hydrogen evolution reaction (HER) and oxygen 

evolution reaction (OER). In this presentation, well-defined core-satellite gold nanoassemblies on carbon 

supports (CSN/C) were prepared and used as bifunctional catalysts for the effective overall water splitting. 

A unique and highly efficient synthesis process is an important goal in electrocatalysis with a well-

controlled morphology. The electrocatalytic activity depends not only on the active site, but also on the 

surface morphology, particle sizes and surface area to volume ratio. The as-prepared CSNs exhibited  

significantly enhanced catalytic performances with high catalytic activity, favorable kinetics and strong 

durability towards electrocatalysis such as overall water splitting. The structural features were characterized  

by transmission electron microscopy, X-ray diffraction, and X-ray photoelectron spectroscopy. The 

electrocatalytic activity of the CSN/C for both HER and OER was investigated by rotating disk electrode 

and cyclic voltammetry. This research was supported by Basic Science Research Program through the 

National Research Foundation of Korea (NRF) funded by the Ministry of Education 

(2016R1D1A1B03930895). 
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Preparation and Electrochemical Investigation of TEMPOL 

Derivatives(Ⅵ): Apply to Redox Flow Battery 

 

Hyunil Cho, Chujin Ahn* 

 
Department of Chemistry, Changwon National University, Korea 

  

Recently TEMPOL derivatives are interesting organic catholyte in Redox Flow Batteries(RFBs) for 

offering the possibility of wide potential windows. Herein we report the investigation on relationship 

between electrochemical properties of TEMPOL derivatives. To do this we prepared TEMPOL derivatives 

and investigated CV results depending on their different functional group. 
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Facile Synthesis of Bi2MoO6 Photoanode for Enhanced 

Photoelectrochemical Water Oxidation 
 

joonyong park, KI MIN NAM* 

 
Department of Chemistry, Mokpo National University, Korea 

  

The drop-casting synthetic method provides a fast, simple, and large scale route for synthesizing desired 

materials under ambient conditions. The Bi2MoO6 was synthesized by direct growth on the FTO substrate, 

using an drop-casting and consequent annealing procedure. Photoelectrochemical water splitting is a light-

driven chemical process over the surface of a semiconductor that can produce hydrogen from water. The 

prepared Bi2MoO6 showed high photocurrents for the sulfite oxidation and water oxidation reaction. 
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Electrochemical aptasensor using Fe3O4-antibody-mediator 

bioconjugate for thrombin detection 
 

SAEROMI CHUNG, Yoon Bo Shim* 

 
Department of Chemistry, Pusan National University, Korea 

  

The Fe3O4-antibody-mediator bioconjugate was developed for the detection of thrombin using aptasensor 

in a serum sample. The thrombin was determined by the cathodic currents of a TBO-thrombin antibody 

modified Fe3O4 at the sensor surface. For this, we applied aptamer as the capture molecule bound to the 

conducting polymer layer. The bioconjugate and sensor probe was characterized using Voltammetry, 

transmission electron microscopy (TEM), UV-VIS spectroscopy. The experimental conditions were 

optimized in terms of pH, binding time, washing time, and applied potential. The dynamic ranges of 

thrombin were from 1 to 500 nM with detection limit of 0.49 (±0.06) nM. 
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Impact of halide ions on morphology and electrocatalytic performance 

of Pd nanostructures 
 

Anh.T.N Nguyen, Nayun Jung, Jun Ho Shim* 

 
Department of Chemistry, Daegu University, Korea 

  

Electrocatalysis for the oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) play a 

significant role in electrochemical energy conversion and storage technologies, including regenerative fuel 

cells, direct solar driven water splitting, hydrogen production from water electrolysis, rechargeable metal-

air batteries, and fuel cells. In particular, traditional catalysts, such as Pt and its alloys, are commonly used 

as electrocatalyst materials for the ORR. However, because of expensive and limited resources, Pt cannot 

be used in fuel cells or other energy system on a large scale. As an alternative, the design of highly active 

and stable catalysts using Pd and Pd-based nanomaterials has focused attention more recently due to their 

relatively high ORR activity, stability, greater abundance and almost half of the cost compared to Pt. Thus, 

we report an efficient synthesis of size and shape-controlled Pd nanostructure in an aqueous solution and 

their electrocatalytic activity for ORR. The proposed synthesis was examined using L-ascorbic acid as a 

reducing agent of Pd2+ in the presence of both a stabilizer and a capping agent such as Pluronic F127. The 

resultant Pd nanoparticles have different sizes, while their shapes can be controlled by using Pluronic F127 : 

halide anions (Cl-, Br-, I-) with different aspect ratios. Overall, effects on structure, morphology and 

electrocatalytic activity of Pd or Pd-based nanostructures are characterized by transmission electron 

microscopy (TEM), scanning TEM, X-ray photoelectron spectroscopy, X-ray diffraction, and 

electrochemical analyzer. This research was supported by Basic Science Research Program through the 

National Research Foundation of Korea (NRF) funded by the Ministry of Education 

(2016R1D1A1B03930895). 
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Simultaneous determination of heavy metal ions using polymer 

composite electrode 
 

Min Ouk Park, Won-Chul Lee, Yoon Bo Shim* 

 
Department of Chemistry, Pusan National University, Korea 

  

We report simultaneous determination of heavy metal ions (HMIs, (Zn(II), Cd(II), Pb(II), Cu(II), and Hg(II)) 

using terthiphene polymer composite electrode which was prepared by thermal reaction method. Square 

wave anodic stripping voltammetry (SWASV) was performed simultaneously to analyze the HMIs by 

sweeping the potential between -1.4 and +0.5 V in an 0.05M acetate buffer solution (pH 5.0). Analytical 

parameters affecting the sensor performance was optimized in term of pH, deposition time, ratio of 

CB:GO:CP. The dynamic range of SWASV for the target ions were between 1 ppb and 1 ppm, respectively 

with the detection limits between 1.06 (±0.57) and 10.20 (±5.4) ppb for the SWASV with 300 sec of 

deposition time (n = 3). 
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Effective Formation of WO3 Nanoparticle/Bi2S3 Nanowire 

Heterojunction for Improved Photoelectrochemical Performance 
 

jihyeon Kim, KI MIN NAM* 

 
Department of Chemistry, Mokpo National University, Korea 

  

A well-defined WO3/Bi2S3 heterojunction comprised of single-crystalline Bi2S3 nanowire (Bi2S3NW ) 

layers on top of the WO3 nanoparticles (WO3NP) was synthesized via an in-situ hydrothermal reaction. 

The single-crystalline Bi2S3 nanowires were uniformly grown and directly anchored on the surface of the 

WO3 nanoparticle layer. Compared to those of the other Bi2S3 electrodes, the resulting WO3NP/Bi2S3NW  

heterojunction showed enhanced photoelectrochemical (PEC) activity. The origin of this enhanced PEC 

activity is mainly attributed to the enhancement of charge separation on the Bi2S3 layer, due to the effective 

photogenerated electron transfer from the Bi2S3 conduction band to that of WO3. The uniform 

heterojunction interface with less interfacial defects generated through the in-situ growth method also leads 

to lower resistance at the interface between the different domains. Furthermore, the single-crystalline 

longitudinal structure of the Bi2S3 nanowires can provide a direct electrical pathway through a single 

domain of nanowires. 
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Determination of dopamine and acetaminophen using a carbon 

composite modified electrode 
 

Jong Min Moon, Kyeongdeok Seo, Yoon Bo Shim* 

 
Department of Chemistry, Pusan National University, Korea 

  

A sensitive and selective method for the simultaneous determination of dopamine (DA) and acetaminophen 

(AP) was investigated using benzoic acid functionalized terthiophene-based conducting polymer (TBA) 

and porous carbon (PC) composite layer. The conducting polymer composite was electrochemically formed  

at screen printed carbon electrode (SPCE). In square wave voltammetry (SWV) technique, both DA and 

AP gave well-defined oxidation peaks at -80 mV and 120 mV, respectively. Under the optimized  

experimental conditions (such as pH, TBA concentration, and amount of PC), both DA and AP showed a 

linear response over the range of 1 to 500 μM with the detection limits were found to be 0.6 μM for DA 

and 0.7 μM for AP. The ascorbic acid (AA) and uric acid (UA), did not interfere due to the surface charge 

of the modified electrode, which gave a selective determination of DA and AP. 
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Storage of divalent alkali ion in carbonaceous host for secondary 

battery applications 
 

Prabakar Richard, myoungho pyo* 

 
Department of Printed Electronics Engineering, Suncheon National University, Korea 

  

Insertion of guest species in carbon based host such as graphite or hard carbon remain to be the topic of 

continued interest as it attracts a broad spectrum of applications especially centered towards energy storage 

and liquid purification. The versatility of graphite allows simultaneous insertion of more than one type of 

guest species in the host structure through a co-intercalation phenomenon. We for the first time demonstrate 

the successful electrochemical intercalation of calcium in host graphite with appreciable reversible capacity 

through a co-intercalation phenomenon. In contrast to the simple intercalation forming binary graphite 

intercalation compounds (GIC’s) such as LiC6 or KC8, the intercalation was achieved by the careful choice 

of an electrolyte salt and a suitable solvent that can form a solvate ionic liquid type complex. The co-

intercalation in graphite proceeds via a stepwise staging and was quantified successfully by X-ray  

diffraction (XRD), thermogravimetry analysis (TGA), X-ray Spectroscopy (XPS) and dilatometer 

measurements. A reversible stable capacity approaching 80 mAh g-1 was achieved for 50 C/D cycles, 

suggesting that the staging proceeds close to stage-1. Our results will lead to further advancement of ternary 

GICs as potential anode materials for calcium ion batteries. 
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Electrochemical sensor for hydrogen peroxide detection based on metal 

nanoparticles-porous carbon composite 
 

Won-Chul Lee, Yoon Bo Shim* 
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A highly sensitive electrochemical hydrogen peroxide (H2O2) sensor was developed using metal 

nanoparticles-decorated porous carbon (Me-PC) electrode with a functionalized conductive polymer (TBA). 

The sensor probe was fabricated by electro-polymerization of TBA using potential cycling method, and 

then drop casting Me-PC onto the pTBA layer. The characterization of each sensor surface was performed  

using cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS), X-ray photoelectron 

spectroscopy (XPS), scanning electron microscopy (SEM), and energy dispersive X-ray spectroscopy 

(EDS). Experimental parameters were optimized in terms of pH, temperature, applied potential, amounts 

of Me-PC, and TBA monomer concentration. The proposed sensor exhibited a fast response time < 1s and 

a calibration plot was obtained in the dynamic range between 0.5 μM and 3.0 mM of H2O2 with a detection 

limit of 200 nM. 
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A Novel Label-free Electrochemical Immunosensors Based on Use of 

Fragmented Antibody (Fab’) and Electrochemically Active 
Nanoparticles: Simultaneous Detection of Multiple Biomarkers for 

Early Diagnosis of Allergic Rhinitis 
 

Sang Gyeong Shin, Jae Ho Shin*, Kihak Gwon, JInsu Kim 

 
Department of Chemistry, Kwangwoon University, Korea 

  

Among various immunoassay techniques, electrochemical immunosensors have gained considerable 

interest as a promising approach for rapid, selective and sensitive analysis. Despite many advantages, it is 

still a challenge to find new approaches that could improve the simplicity, specificity, and sensitivity for 

clinical application. To enhance performance of antibody-based immunosensors, we introduce a novel 

approach to design a label-free immunosensors via use of fragmented antibody (i.e., Fab’) and 

electrochemically active nanoprobes (i.e., ferrocene (Fc)-modified silica nanoparticles). The use of Fab’ 

may improve the sensor’s sensitivity by the oriented immobilizat ion on the electrode surface. The surface 

coverage with target proteins specifically bound to Fab’ prohibits the accessibility of electrochemically  

active nanoprobes to the electrode surface, eventually leading to the revention of the interfacial electron 

transfer (i.e., blocking effects). To amplify such blocking effects associated with target protein-Fab’ 

complex formation, negatively charged Fc-modified silica nanoparticles are utilized as a scaffold to design 

macromolecular electroactive probes. Herein the Fab’ oriented immobilizat ion on a gold surface and 

properties of Fc-modified silica nanoparticles will be discussed. Furthermore, we investigate the feasibility  

of the novel label-free immunosensors to simultaneously detect multiple biomarkers (i.e., albumin, Clara 

cell protein 16, tryptase, and eosiniphil cationic protein) for early diagnosis of allergic rhinitis in nasal 

discharge. Finally, four biomarkers in artificial nasal discharge are simultaneously determined with multi-

array sensor system equipped in a microfluidic device. 
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Catalytic current amplification by quaternary ammonium 
polybromides droplets: the role of quaternary ammonium 

polybromides as the chemical electrode for bromine reduction 
 

JISEON HWANG, KYUNGMI KIM1, Junghyun Chae1, Jinho Chang* 
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1Department of Chemistry, Sungshin University, Korea 

  

In this article, we report that electrochemically generated quaternary ammonium polybromide (QBr2n+1) 

droplets can act not only as electrochemical reactors for the electro-oxidation of Br-, but also as tiny 

chemical electrodes to reduce Br2 dissolved in an aqueous phase. We suggest two different theoretic models: 

Cloud and Droplet. In the Cloud model, we consider a cloud composed of small droplets located in the 

vicinity of a Pt ultramicroelectrode (UME). The positive feedback loop of the redox reaction is derived in 

the gap between the Cloud and the Pt UME, which leads to catalytic current enhancement, like the positive 

feedback mode of scanning electrochemical microscopy (SECM). In the Droplet model, a droplet adsorbed 

on the center of a Pt UME drives the catalytic feedback loop of the redox reaction. Next, we adopted the 

two theoretical models to explain the current amplification by QBr2n+1 observed in our experimental systems. 

In the early potential region for electro-oxidation of Br−, we found the QBr2n+1 droplets-Cloud model was 

a more reliable scenario for the catalytic current amplification. As the potential became more positively 

biased, stochastic collisions of QBr2n+1 droplets occurred on the Pt UME, and in this stage, we determined  

that the QBr2n+1-Droplet model was the main catalytic mechanism for Br− electro-oxidation in the presence 

of QBr in the solution. 
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Electrochemical Selectivity of Organics Transport through 

Polypyrrole-modified PC Membrane 
 

Youmi Han, Doyoun Choi, Yongkeun Son1,* 

 
Sungkyunkwan University, Korea 

1Department of Chemistry, Sungkyunkwan University, Korea 

  

Complex chemicals in industry can affect human health and ecological environment. Therefore, separating 

chemicals from waste water is an important issue for keeping environment clean. We can use a variety of 

chemical separation methods such as chromatography, electrophoresis, membrane separation method and 

so on for separating complex chemicals. Among them, membrane separation method is one of the effective 

methods for separating various toxic molecules because it can be easy to apply to bulk systems. We can 

separate chemical species depending on their charges or sizes through a membrane. Especially, using 

conducting polymer modified membrane is good for separating charged species due to its mechanical 

stability and good redox property in addition to gain conductivity. We modified polycarbonate (PC) 

membrane with polypyrrole (PPy) and investigated transport property of benzaylamine (BA). BA was 

selectively transported through PPy-modified PC membrane depending on applied potentials. When no 

potential or positive potential (+0.7 V) was applied, BA was not transported. However, BA was transported 

well when negative potential (-0.7 V) was applied. In this work, we tried to show the different transport 

properties of organics depending on their molecular structure. The membrane morphology was investigated 

by Scanning electron microscope (SEM) and Energy dispersive X-ray spectroscopy (EDS). The 

transportation was detected by using High-performance liquid chromatography (HPLC). 
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Electrodeposited Iridium Oxide-Pt Black Microelectrode for Carbon 

Monoxide Detection 
 

Heesu Kim, Jae Ho Shin1,*, Sunguk Noh2, Jun Ho Shim2 
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Carbon monoxide (CO) which is naturally produced by the action of heme oxygenase in the human body, 

plays diverse physiological roles such as angiogenesis, immune response, and wound healing. The reliable 

in vivo detection of CO is essential to elucidate its numerous biological functions. However, the 

electrochemical measurement of CO has been challenging due to its low concentration, rapid diffusion, and 

severe interference from other electrochemically active species (e.g., nitric oxide, nitrite, ascorbic acid, and 

uric acid). In the CO sensor development, the elimination of NO interference is one of the important factors, 

because CO’s biological functions are closely related to NO’s ones. Indeed, the utility of a tin (Sn)-

deposited Pt electrode (previously known as an amperometric CO sensor) has been hindered by significant 

interference from nitric oxide (NO). Herein we report on a novel amperometric CO sensor with superior 

sensitivity and selectivity via use of iridium oxide-Pt-black (IrOx-Pt-B) as an electrocatalyst for effectively  

oxidizing CO. IrOx-Pt-B are deposited on a Pt electrode by electrodeposition (i.e., cyclic voltammetry). 

The presence of the IrOx-Pt-B thin film not only greatly increases the active surface area, but also 

electrocatalyzes CO oxidation at a much lower electrode potential, 0.3 V (vs. Ag/AgCl). Moreover, this 

CO sensor significantly reduced NO interference by lowering the CO’s oxidation potential. In this study, 

the effect of the catalyst compositions (e.g., IrOx, Pt-B/IrOx, and IrOx-Pt-B) on sensor performance will 

be discussed. Furthermore the effect of electrodeposition conditions (e.g., scan rate and number of scan 

cycles) will be also evaluated. 
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A glucose biosensor using osmium mediator–tethered 

poly(vinylimidazole) (PVI-Os) for continuous glucose monitoring 
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Diabetes mellitus is a group of metabolic diseases which has high blood sugar levels over a prolonged 

period. If left untreated, diabetes can cause many complications such as heart disease, stroke, chronic kidney 

failure, diabetic ketoacidosis, or death. The blood glucose levels of patients with diabetes mellitus should 

be tightly monitored. In general, diabetic patients have used the strip-type glucose sensors. Because such 

strip-type sensors provide the instantaneous value, patients cannot immediately respond to hyperglycemic 

or hypoglycemic events. On the other hand, in vivo glucose biosensors can determine the glucose levels in 

real-time, allowing to effectively warn hyperglycemic or hypoglycemic conditions. Most glucose 

biosensors for continuous glucose monitoring (CGM) are based on the first generation glucose biosensors. 

Unfortunately, the first generation glucose biosensors which require higher oxidation potential (0.6 ~ 0.8 

V vs. Ag/AgCl), have been interfered by electroactive species such as ascorbic acid, uric acid, and 

acetaminophen. To reduce the interfering effect, the second generation glucose biosensors with electron 

mediators which have relatively lower oxidation potential (0 ~ 0.2 V) are suggested. Although the second 

generation glucose biosensors are useful to reduce the interfering effect, the application of the second 

generation glucose biosensors have been limited for continuous glucose monitoring because the electron 

mediators have potential toxicity when it is leached out to human body. Herein, a glucose biosensor is 

fabricated by using osmium mediator–tethered poly(vinylimidazole) (PVI-Os), and evaluated in terms of 

the glucose response, interfering effect, and lifetime. 
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Emulsion has attracted attention not only scientific research but also in industrial fields such as 

petrochemical, pharmaceutical, and cosmetic. Emulsion is a special type of mixture of two or more 

immiscible liquids. In addition, emulsion is classified as oil in water (O/W) or water in oil (W/O). W/O 

emulsions are less studied when compared to O/W emulsions. In this study, we introduce the detection of 

W/O emulsion droplets with and without ferrocyanide. This is based on the emulsion droplet reactor (EDR) 

technique. When collisions of a W/O emulsion were observed on a ultramicroelectrode (UME), a spike-

shaped current of the oxidation reaction occurs. The results from the collision signal provide information 

about the size of each single droplet and the concentration of the water droplet in the organic continuous 

phase. 
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Polymers are recognized for their usefulness in many areas with diverse and composite design, has been 

used in real life in various forms and also it has been actively developed in research and industry. The 

synthesis of the polymer is usually carried out for several hours to the several days and the structure of the 

synthesized polymer is analyzed by FT-IR and NMR. However, these methods have drawbacks in that they 

require sample preparation processes such as precipitation, filtration, drying, and dissolution of the polymer 

each time. So we propose a simple electrochemical method to understand the degree of polymer synthesis 

without pre-treatments of sample. Synthesizing of the polymer was carried out by raft polymerization  

method for uniform polymer chain length and the signals are obtained by cyclic voltammetry method with  

ultramicroelectrode in an organic solvent environment. 
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Lithium-ion batteries (LIBs) are the large part of secondary battery market. LIBs are composed of cathode, 

anode, electrolyte, separator and current collector. As lithium ions in LIBs move through electrolyte, the 

batteries operate on the principle of reversible charge and discharge. In the case of cathode in LIBs , 

transition metal oxides have been used as cathodes. Manganese oxide-based compounds are considered to 

be one of the attractive cathode active materials because manganese in the transition metal is abundant in 

resources and is inexpensive and eco-friendly. In addition, manganese can have a high capacity because the 

oxidation states of manganese are diverse from +2 to +4. Li2MnO3 in Li-Mn-O compounds are 

characterized by a valence state of manganese equal to 4+. The structural change due to the Jahn-teller 

effect does not occur in Li2MnO3 because the Jahn-teller effect occurs in a valence state of manganese 

equal to 3+. Therefore, the Li2MnO3 exhibits a high reversible capacity without deteriorating its 

performance. However, Li2MnO3 exhibits low electric conductivity . To improve the electric conductivity, 

it synthesized with PVP. PVP is used as a carbon source to improve the electrical conductivity of Li2MnO3. 

PVP was heat-treated and carbonized. I found the best heat treatment temperature which showed the best 

performance by changing the heat treatment temperature. The composites were analyzed by scanning 

electron microscope, transmission electron microscope and X - ray diffractometer. Characterization of the 

cathode active material was carried out by charge - discharge evaluation and cyclic scanning analysis. The 

electrochemical performance of the samples as cathodes in LIBs was evaluated by charge/discharge test 

and CVs. 
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Si-based anode materials are studied to overcome the limitations of high-capacity lithium-ion batteries 

(LIBs). However, Si-based anodes have critical drawbacks such as volumetric electrode expansion during 

cycling in LIBs, that result in deterioration in cycling performance. Herein, we prepared 3D yolk-shell Si 

and carbon nanofiber (CNF) nanostructured electrodes with different void portions (Si@void@CNF- x) 

using oxidation, etching, and electrospinning process. The portions of the void in the Si@void@CNF 

electrodes could be controlled by electrospinning with Si powder oxidized at 700 oC under an air 

atmosphere for a reaction time (x) of 3, 6, and 9 h followed by chemically etching in HF solution. The 

electrodes were structurally characterized using X-ray diffraction, thermogravimetric analysis, and 

scanning electron microscopy. The charge/discharge and rate performance of the electrodes was evaluated 

in the coin-type cells. 
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In Lithium ion batteries(LIBs), Replacing the separator and the liquid electrolyte with the gel polymer 

electrolyte can satisfy the high energy density required for the electric vehicle. Therefore, In this study, 

polymer matrix based on P(VDF-HFP) for producing gel polymer electrolyte is made to have a pore 

structure by using EC (Ethylene carbonate), The effect of pores formed via EC was confirmed by 

electrochemical analysis. It was fabricated by a method of forming pores through the vaporization stage of 

EC further in the drying process and SEM analysis was performed to confirm formation of pores. The gel 

polymer electrolyte using the produced polymer matrix is undergoing electrochemical evaluation through 

charge-discharge analysis and cyclic voltammetry analysis. When many of the pores are formed via EC, 

many organic electrolyte solutions are preserved, which makes ion transfer faster. It shows the stability of 

capacity, the high rate-capability and high ion conductivity. 
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Lithium ion batteries (LIBs) account for the majority of the secondary battery market and it repeats charging 

and discharging. In the case of Cu2O among the anode materials, it has been studied as a anode of a LIBs  

with a higher capacity and abundant resources than other transition metal oxides. However, since it has the 

characteristic of conversion reaction with lithium ion, a severe volume change occurs during charging and 

discharging, resulting in a drastic decrease in battery life. Also, it has a low electric conductivity. Herein, 

we synthesized carbon coated copper oxide (Cu2O@C) as an anode material to overcome these 

disadvantages. The Cu2O electrode was synthesized through the carbonization of the polymer used while 

controlling the structure using the polymer. It was confirmed that the formed electrode was an octahedral 

nanostructure having a core@shell structure. Also, Cu2O@C used as anode of LIB underwent structural 

and electrochemical analysis. 
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Platinum catalysts have been widely used as oxygen reduction catalysts in fuel cells. Platinum catalysts 

have high activity and stability and good heat resistance.However, since platinum is a precious metal and 

its value is high, it is an obstacle to commercializat ion of fuel cells. Also, due to impurities, it tends to be 

contaminated. In order to overcome these disadvantages, development studies of a support used for a 

platinum catalyst have been actively advanced recently. Platinum catalysts using nitrogen and sulfur doped 

carbon supports show better oxygen reduction properties and stability than conventional platinum catalysts 

but studies of supports doped nitrogen and sulfur is rare. In particular, sulfur and nitrogen-doped non 

platinum catalyst exhibit good properties not only alkaline conditions but also acidic conditions. When used 

as a support of a platinum catalyst, The active sites of the support and the active sites of platinum coexist. 

Because of the dual doping effect, it had higher activity than the conventional platinum catalyst. Based on 

this, utilizing carbon with high crystallinity, heat treated Fe - Pc, TAA and carbon to produce Fe / N / S - 

doped carbon and carried platinum. The catalysts were analyzed using X-ray diffraction (XRD), scanning 

electron microscope (SEM) analysis to analyze structural properties. High oxygen reduction reaction 

activity and stability were confirmed via cyclic voltammetry (CV) and linear sweep voltammetry (LSV) 

which are electrochemical analysis. 
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Since molybdenum disulfide (MoS2) has a layered structure, it has an advantage that migration and storage 

of lithium ions are easy and that the theoretical capacity is larger than that of graphite which is a negative 

electrode active material used in current lithium ion batteries. It is expected to be suitable for battery use. 

However, due to the conversion reaction with lithium, decomposition of Mo and S occurs. The decomposed 

S reacts with lithium to form Li2S. In other words, not only the amount of active material is reduced by the 

conversion reaction but also the capacity is reduced due to the volume change occurring during the charging 

and discharging process, so that the stability is deteriorated. Several studies such as carbon composites, 

structure control, alloying are under way to overcome these drawbacks. Titanium nitride(TiN) is an inactive 

material that does not react in the process of insertion and deinsertion of lithium ions, and is known as a 

material with high electrical conductivity and high structural stability. In this study, we anticipate TiN 

suppression of the volume change due to the conversion reaction of MoS2 and the electrode stability is 

improved. The composite of MoS2 and TiN produced a thin film electrode by using the co-sputtering 

method while maintaining the R. F power of MoS2 and regulating only R. F power of TiN. The produced 

electrode analysis of the as-prepared samples was performed using field-emission transmission electron 

microscopy (FE-TEM), and energy dispersive X-ray spectroscopy (EDX). To evaluate the performance of 

the samples in LIBs, the charge/discharge curves, cyclic voltammograms (CVs) were measured using coin 

cells. 
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Jae Seok Kim, Jong Kuk Lim*† Department of Chemistry, Chosun University, Gwangju 61452, Korea*E-

mail: (Jong Kuk Lim)There has been a long-standing need for the development of solid electrolytes as an 

alternative to overcome the hazards of liquid electrolytes. Among the solid electrolytes, especially polymer 

electrolytes have been received more attention because they are not brittle and are flexible. Until now, most 

polymers used as host polymer for solid electrolytes are polyethylene oxide-based polymers. Such polymers 

are usually derived from petroleum and are not biodegradable, which has a negative impact on the 

environment. Therefore, researchers have attempted to develop polymer electrolytes using biodegradable 

and eco-friendly polymers such as chitosan polymer. However, such a natural polymer-based electrolyte 

has a disadvantage in that the ionic conductivity is low. Therefore, researchers have tried to increase the 

ionic conductivity by adding various additives (plasticizer and filler). It has been reported that the ionic 

conductivity increases when the metal or ceramic nanoparticles are used as a filler or glycerol as a 

plasticizer, however, there is still a lack of understanding of how the ionic conductivity increases. In this 

study, we will use chitosan as host polymer for solid electrolytes, and investigate how ion conductivity 

changes when using various types of metal nanoparticles as fillers. 
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Fluorine doped Tin dioxide (F:SnO2) inverse opals (IOs) having a pore size of approximately 300 nm in 

the 400 nm sized polystyrene bead (PS) templates were developed by a spin-coating-assisted sol-gel process. 

Upon this template, the F:SnO2/WO3 core-shell IOs were developed by the facile electrodeposition under 

a constant potential (-0.5 VAg/AgCl(sat.)). Furthermore, upon the F:SnO2/WO3 core-shell Ios, BiVO4 

shell layers were covered by electrodeposition under a constant current (2 mA/cm2). The optimum 

photoelectrochemical (PEC) response was achieved with Co-Pi catalyst (F:SnO2/WO3/BiVO4/Co- Pi), 

which exhibited the highest photocurrent density (Jsc) more than 5 mA/cm2 (1.23 VRHE / 0.717 

VAg/AgCl(sat.)) under full-sun conditions, compared with the values for the pure F:SnO2, F:SnO2/W O3 

and F:SnO2/WO3/BiVO4 electrodes. In conclusion, considering that the favorable cascading band 

alignment can boost the fast charge separation and transport through the conductive F:SnO2 IO skeleton, 

we try to develop the multilayered F:SnO2/WO3/BiVO4 IOs structure showing the well-matched band 

alignment. And then, BiVO4 layer was adapted in the surface layer due to the more narrowing Eg of ~ 2.4 

eV. Herein, the PEC performance and other results would be presented. 
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Fluorine-doped tin dioxide (FTO) inverse opals (IOs) were fabricated on polystyrene (PS) beads (diameter 

= 400 nm(  20 nm)) template by a spin-coating method. The concentration of the FTO precursor solution 

significantly influenced the morphology of the IOs film and, in particular, in the 1.0 M FTO solution. The 

FTO nanoparticles upon the FTO IO film was sparsely formed, relative to that formed from 0.5 M FTO 

solution. To compensate for the large band gap (Eg = 3.8 eV) of FTO in the photoelectrochemical(PEC) 

reaction, a photoactive TiO2 shell was deposited on the FTO IO film by the sol-gel method. The 

morphological change and crystalline properties of the FTO IO and TiO2-coated FTO IO (hereafter referred  

to as FTO IO/TiO2) films, were investigated with field emission scanning electron microscopy and X-ray  

diffraction, respectively. The PEC behaviors of the samples were tested in a 0.1 M KOH solution under one 

sun illumination (100 mW/cm2 with an AM 1.5 filter).The highest PEC performance was obtained with the 

1.0 M FTO IO/TiO2 film, which produced a photocurrent density (Jsc) of 3.28 mA/cm2 at 1.23 V (vs. 

normal hydrogen electrode (NHE), as briefly expressed to 1.23 VNHE) compared to 2.42 mA/cm2 at 1.23 

VNHE of 0.5 M FTO IO/TiO2 film. Approximately 30 % enhanced performance of 1.0 M FTO IO/TiO2 

film was mainly attributed from the peculiar structure comprised of the FTO nanoparticle layer and IOs 

films to form the bilayer structure, providing much larger surface area as well as the complete coverage of 

photoactive TiO2 nanoparticles through the FTO IOs skeleton in the proper band alignment to boost the 

charge separation/transfer phenomenon, finally resulting in the enhanced PEC activity. 
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Hydrogen is considered to be one of the most important energy sources to address the global environmental 

and energy crisis due to its high energy density and low environmental impact. There is a well-known 

volcano-type relationship between energetics and current density for hydrogen evolution reaction (HER) 

catalysts and Pt-based catalysts. The Pt-based catalysts located on the top of the volcano considered as the 

most effective ones. Nevertheless, the major drawback of Pt based catalysts is their high cost. So, it is 

significantly important to design and synthesize another metal-based efficient catalysts. In this study, 

mesoporous Rh has been employed for HER. It is expected to show highly catalytic activity because it has 

abundant exposed active sites and highly accessible surfaces. These advantages are expected efficient 

catalytic activity. The electrochemical performances of mesoporous Rh such as kineticsm electrochemical 

surface area, and durability was intensively studied. 
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Many researchers have been investigated about Pd-based catalysts that have a good activity of oxygen 

reduction reaction (ORR). However, Pd has five times lower ORR activity than Pt. To improve the ORR 

activity, most of the research is focused on the development of Pd-based alloy catalysts. In this study, in 

order to enhance ORR activity, ternary Pd based alloy catalysts were made with Ir and Y. The Y has very 

low reduction standard potential, -2.37V, and exists to ion, Y3+, at normal stage in aqueous solution, so it 

is too hard to be reduced in order to make alloy catalyst. The ternary Pd based alloy catalysts, therefore, 

was prepared by electron beam reduction method, which is more facile than solution reduction or gas 

reduction methods to reduce metallic ions. The Pd4Ir/C, Pd4IrY0.1/C, and Pd4IrY0.5C have been 

synthesized by two synthesis method such as the electron beam reduction method and polyol method. In 

XRD patterns, a ratio of 1st and 2nd intense peaks obtained from all of the catalysts commensurates to a 

face-centered cubic structure of Pd, which is the dominant element in the alloy. Toward ORR, the catalysts 

made by electron beam showed better catalytic activity than those by polyol method. And the Pd4IrY0.1/C 

has the best ORR activity but both Pd4IrY0.5¬/C catalysts show lower on-set potential than Pd4Ir/C. 
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Proton exchange membrane fuel cells(PEMFCs) have the problem of decreasing efficiency due to the high 

activity losses in the cathode. To compensate for this problem, the use of a catalyst is required, mostly 

platinum catalyst. However, due to the limited reserves and high prices of platinum, research is underway 

to minimize its use. To reduce the content of platinum in the catalyst, nitrogen and iron doped carbon 

structures which is synthesised porously were used as a support for platinum catalyst. It is well known that 

the properties of the support for loading platinum catalyst have a dominant influence on the nucleation and 

growth of platinum nanoparticles. In addition, interaction between platinum catalyst and support can 

maximize catalytic activity in platinum nanoparticles. The platinum content was adjusted to 5, 10, 20, and 

30 wt% to confirm the catalytic interaction of the support with platinum nanoparticles. It was confirmed  

that low platinum content also produces high activity. Structural analysis was carried out through X-ray  

diffraction (XRD), transmission electron microscopy (TEM), X-ray photoelectron spectroscopy(XPS) 

analysis, etc. and characteristic of oxygen reduction response was evaluated through cyclic voltammogram, 

linear sweep voltammogram. 
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A redox flow battery (RFB) is one of the most promising technologies for large-scale energy storage system. 

It stores its energy in the redox-active materials dissolved in liquid electrolytes by utilizing the redox 

chemistry for energy conversion between electrical energy and chemical energy. It has some advantages: 

independent design of the power and energy capacity, high capacity, and long cycle life. But conventional 

aqueous flow batteries have low energy density due to the limited cell voltage (2.5 V) and energy densities. 

Here we showed the improved electrochemical properties by utilizing organic radical active materials  

which can have high solubility, chemical stability leading to the high energy density, cell voltage and cycle 

stability. 
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Hydrogen evolution reaction (HER) enables electrochemical water splitting and has been the focus of much 

recent research on sustainable and clean energy sources. Owing to minimal overpotential and fast kinetics, 

Pt-based catalysts have been most popular in HER, but they are expensive and have limited stability in 

alkaline media used in most industrial electrolyzers. Accordingly, other metals (e.g., Ru, Co, Mo, Ni, W, 

and Fe) and their chalcogenides, phosphides, and carbides have been explored as alternatives to Pt. 

Ominously, this list does not include Re, although the so-called Sabatier plot (a.k.a. volcano plot) suggests 

its usefulness as an efficient HER catalyst. Rhenium exhibits optimal binding energy for adsorption and 

desorption of protons as well as exchange current density for HER that is comparable to Pt.; it is also about 

an order of magnitude less expensive than platinum. On the other hand, the bulk-state metallic Re HER 

catalysts used to date have required high overpotentials (>200 ~ 300 mV at 10 mA/cm2). In addition, few 

reports investigated the HER performance in alkaline electrolytes. Here, we describe efficient HER 

catalysis on nanoparticle clusters in which Re is combined with electrical conductive carbon materials such 

as amorphous carbon (a-C) or multi-walled carbon nanotubes (MWNTs). These nanocomposites are not 

only characterized by low overpotentials and fast kinetics but also remain efficient in both acidic and basic 

media. Our results suggest that Re-based nanomaterials can become less expensive and sturdy (in terms of 

admissible pH range) alternatives to the currently used HER catalysts. 
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A microbial electrolysis cell (MEC) is novel technology for hydrogen production from organic matters such 

as wastewater using bacteria for the future. Pure hydrogen production in the MEC is one main challenge 

for practical application. However, the methane production by methanogens through hydrogen 

consumption has been a main drawback. In order to solve this problem, we have performed research in 

which visible light acts as methanogen inhibitory factor at the cathode where hydrogen is produced. For 

this purpose, p-type semiconductors such as polyaniline nanofiber and metal oxide have been used as 

photocathodes as visible light harvesters. Results show that much hydrogen was successfully produced in 

the MEC with 0.8 V external bias with minimal amount of methane. These results demonstrate the 

possibility of using p-type semiconductors for utilizing visible light for an effective production of hydrogen 

while suppressing methanogenesis. 
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All human activities generate wastewater that contains organic matters which need biological treatments. 

Microbial electrolysis cells (MECs) are suitable systems for wastewater treatment in that they can 

simultaneously produce gaseous fuels such as hydrogen or methane while decomposing organic matters. 

The microbial biofilm on the anode surface converts organic substances into carbon dioxides, protons, and 

electrons. On the cathode, protons and electrons combine to form hydrogen with voltage bias. Here we 

report our preliminary results in producing hydrogen from wastewater using a photo-assisted MECs 

(PAMECs) equipping p-type Cu2O as a cathode. The PAMECs were operated under visible light 

illumination at various voltage biases. When acetate was used as a fuel, exclusively hydrogen was produced. 

However, when a real wastewater collected from a Korea traditional alcoholic beverage factory was fed 

into the PAMECs, the PAMEC performance was lower than when acetate was used. These results show 

the possibility of PAMEC as a hydrogen-producing device while treating wastewater. 



121st General Meeting of the Korean Chemical Society 
 

 

Conference Date: April 18~20, 2018 

Venue: ICC JEJU, Jeju 

Code: ELEC.P-639 

Area: Electrochemistry 

Type: Poster Presentation, Time: FRI 11:00~12:30 

 

 
Enhanced power production in light-driven microbial fuel cells using a 

semiconductor anode 
 

Changhoon Kim, Yongwon Jeon1, Sunghyun KIM2,* 

 
department of biotechnology, Konkuk University, Korea 

1Department of Biotechnology, Konkuk University, Korea 
2Biotechnology, Konkuk University, Korea 

  

Microbial fuel cells (MFCs) are devices that use bacteria to generate electricity while simultaneously 

treating wastewater. Electrons produced by bacteria from organic matters are transferred to the anode and 

flow to the cathode through an external circuit in the MFCs. Currently, much research is underway to 

improve the performance of MFCs. We have tried to improve anode performance by using hematite, an n-

type semiconductor. When the anode surface was coated with hematite and irradiated with visible light, 

both coulombic efficiency and power density were improved by 12.4% and 31.5%, respectively, compared 

to the dark operation. The effect of the semiconductor amount and other experimental conditions on the 

MFC performance is under examination. This preliminary result cast some hope of the real application of 

MFCs. 
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A redox flow battery (RFB) is one of the most promising technologies for large-scale energy storage system. 

It stores its energy in the redox-active materials dissolved in liquid electrolytes by utilizing the redox 

chemistry for energy conversion between electrical energy and chemical energy. It has some advantages: 

independent design of the power and energy capacity, high capacity, and long cycle life. But conventional 

aqueous flow batteries have low energy density due to the limited cell voltage (2.5 V) and energy densities. 

Here we showed the improved electrochemical properties by utilizing organic radical active materials  

which can have high solubility, chemical stability leading to the high energy density, cell voltage and cycle 

stability. 
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In this study, ultrasensitive and precise detection of a representative brain hormone, dopamine was pursued 

and demonstrated using functional conducting polymer nanotubes modified with aptamer. The produced 

aptasensor was composed of a micropatterned gold electrode, carboxylated polypyrrole nanotubes, and 

specific aptamer molecules. The sensor was constructed by sequential deposition of the PPy-COOH 

nanotubes and aptamer molecules on the electrode. The sensitivity and selectivity of this sensor were 

monitored using field effect transistor type measurements. In addition, real dopamine released from PC12 

and SH-SY5Y cells induced by high concentration potassium ion (K+) stimulus were also analyzed and 

compared with the data obtained from the sensitivity (1 nM) and selectivity tests. This article can provide 

the feasibility for practical use of simple and efficient field effect transistor type aptasensor 
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In recent years, carbon-based materials have been extensively investigated as an anode material for Li-ion  

battery(LIB). carbon materials have been considered promising materials for LIB anodes in portable 

electronic devices and electric/hybrid vehicles. Despite these advantages, the practical application of 

carbon-based materials in many electronic device and electric/hybrid vehicles is still limited by its poor 

electrochemical performances. To enhance these electrochemical performances, we have performed the 

surface modification of PFO(Pyrolysis Fuel Oil) based pitch by the chemical activation with KOH. Pitch 

was prepared by heat treatment the PFO at 420℃ for 3h. The preparation method has been optimized  

through the analysis of diverse experimental variables such as the molarity of KOH solution and stirring 

time. In addition, it shows that chemical activation with KOH solution can be successfully used to develop 

PFO with appropriate surface area and mean pore size.In this study, the effect of activated solution malar 

ratio and stirring time on electrochemical performances was investigated. The prepared modified pitch was 

analyzed by BET and FE-SEM. Also the electrochemical performances of modified PFO pitch as the anode 

were investigated by constant current charge/discharge, cyclic voltammetry and electrochemical impedance 

tests in the electrolyte of LiPF6 dissolved in organic solvents(EC:DEC=1:1 vol%). The coin cell using 

modified PFO pitch(KOH 7M 2h stirring) has better initial capacity than that of other composition coin 

cells. Also, modified PFO anode appeared a initial columbic efficiency of 84% and the retention rate 

capability was 91%. It is found that prepared carbon anode showed improved cycling and rate capacity 

performance. 
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Over the past couple of decades, detection of bacteria is critical in preventing drinking water from being 

contaminated by bacteria. Many kind of bacteria sensors have been developed, few bacteria sensor exist to 

detect without non-specific binding at low concentrations. Here in, we report the microfluidics FET sensor 

of Monolayer graphene-based with high sensitivity and selectivity for bacteria detection. The sensor using 

field effect was showed excellent sensing performance with selectivity. Also, it showed specific signal for 

target bacteria in mixture solutions and showed excellent mechanical/ electronical property. Therefore, the 

sensor has potential for low concentration and more early detection. 
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we present a microstructured hydrogel sensing platform based on electrochemical reactions sensitive to 

specific external stimuli. The platform is composed of a hydrogel pyramidal array on a single electrode. 

Each pyramid serves as a spatially separated pixel for sensing stimuli without individual electrodes. 

Depending on the electrolyte for specific stimuli, our platform possesses a sensing ability with the high 

sensitivity of an electrochemical reaction for environmental change in addition to pressure via deformation  

of the viscoelastic hydrogel. This work represents a step toward the application of sensitive electrochemical 

reaction on electronic sensing platform for various external stimuli based on address-free and biocompatible 

hydrogels. 
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Herein we had developed a facile electrocatalyst for energy application. Platinum nanostructures are 

directly co-deposited from a wild-type M13 (or) two different engineered M13 mixed electrolytes onto the 

ITO electrodes. The engineered M13 with 4E peptides could specifically nucleate Pt precursor thereby 

enables the efficient growth of nanostructures at the ITO electrode. The electrocatalytic activity of the 

resulting electrocatalyst toward methanol oxidation in alkaline medium was investigated and found 

enhanced mass activity (0.321 A/mg Pt) relative to the catalyst prepared from wild-type M13, Y3E peptides 

engineered M13 and without M13. 
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Efficient, stable, and low-cost electrocatalysts for the degradation and sensing of environment pollutants 

are essential components of clean environment monitoring. Here we report, one-step synthesis and 

characterization of 1-3 nm diameter sized bi-metallic AuAg nanodots (NDs) embedded in amine 

functionalized silicate sol–gel matrix (SSG) and its electrochemical studies toward nitrobenzene. The SSG 

was used as a reducing agent as well as stabilizer for the prepared mono- and bi-metallic nanoparticles 

(NPs). From the HRTEM, STEM-EDS and XPS analyses, the bi-metallic AuAg NDs were identified as an 

alloy and not the mixtures of Au and Ag NPs. The AuAg alloy NDs with different concentrations of Au 

and Ag modified electrodes exhibited synergistic electrocatalytic effect than did the Au and Ag NPs 

towards nitrobenzene reduction and detection. 
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The electrolyte plays one of the most significant roles in the performance of electrochemical 

supercapacitors. Most liquid organic electrolytes used commercially have temperature and potential range 

constraints, which limit the possible energy and power output of the supercapacitor. The effect of elevated 

temperature on a lithium bis(oxalate)borate(LiBOB) salt-based electrolyte was evaluated in a symmetric 

supercapacitor assembled with activated carbon electrodes and different electrolyte blends of 

acetonitrile(ACN) and propylene carbonate(PC). The electrochemical properties were investigated using 

linear sweep voltammetry, cyclic voltammetry, galvanostatic charge–discharge cycles, and electrochemical 

impedance spectroscopy. In particular, it was shown that LiBOB is stable at an operational temperature of 

80°C, and that, blending the solvents helps to improve the overall performance of the supercapacitor. The 

cells retained about 81% of the initial specific capacitance after 1000 galvanic cycles in the potential range 

of 0–2.5 V. Thus, LiBOB/ACN:PC electrolytes exhibit a promising role in supercapacitor applications 

under elevated temperature conditions. 
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Lithium sulfonyl silica (LSS) was synthesized by replacing the surface -OH group in fumed silica with  

(CH2)3SO3Li and adopted as electrolyte additive for lithium ion battery. 3 wt. % of the synthesized particles 

in 1 M LiPF6 (EC/DMC=1:1) showed improved ionic conductivity and potential window over the pristine 

electrolyte. The discharge capacity of the LiCoO2/graphite is particularly enhanced with the addition of 

LSS at higher C-rates due to the enhanced ionic conductivity at room temperature. The LiCoO2/graphite 

cells using 1.0 M LiPF6/ EC / DMC (1: 1) and 1.0 M LiTFSI / EC / DMC (1: 1) with the additive also 

showed superior performance for the self-discharge test carried out at 45 ℃ for 200 days. These positive 

impacts of LSS on LiCoO2/graphite cells warrant its use in lithium ion batteries. 
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The chemistry treats these phenomenon consistently in the 'object and matter' unit in the third grade of 

elementary school and 'material characteristics' unit in middle school regardless of curriculum revision. 

This study has focused on the problem of this phenomenon which is still in the alternative concept, not only 

for students but also for teachers, even though this phenomenon is constantly covered in chemistry. The 

subjects are textbooks covering 'object and matter' unit in elementary science and 'material characteristics' 

in middle school science from 7th curriculum to 2009 revision curriculum. As a result, first, text books 

explained this phenomenon by the property of matter(matter viewpoint) rather than looking at fluid and 

object at the same time. Second, statements have no connection with the physical domain. Third, it 

presented inconsistent cases with the curriculum. As the properties of the pure matter, students learn the 

density. However, the examples covered are mainly mixtures. Finally, there was no explanation for the 

prerequisites. When dealing with this phenomenon using the density difference, there is no explanation of 

the precondition even though the phenomenon can be predicted using the density difference after assuming 

that the object is completely immersed in the stationary oil system. The absence of these preconditions can 

be difficult for students to understand the science model. As such, there is a problem with the statement of 

the floating and shining phenomena that is covered in the existing chemistry domain, and these statements 

can be difficult to release to the student's alternative concept or to have a correct viewpoint. Thus, a new 

method of statement that improved these problems in the field of chemistry is needed. 
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The purpose of the general chemistry experiment class can be achieved when the content of experiment is 

closely related to the secondary school chemistry curriculum. To do this, we have created a chemistry 

contents analysis framework by referring to the chemistry contents of the 2015 revision curriculum. Using 

this framework, we analyzed the general chemistry experiments of 14 universities in Korea.As a result, the 

general chemistry experiments's contents and teaching methods conducted at the Teacher's college are not 

much different from those conducted by the College of Natural Sciences. There are some university in 

charge of that at the College of Natural Science. There are too many other contents besides the experiment  

and there are duplicate or similar experiments. In addition, since the curriculum was revised, it has been 

founded that there are experiments not included in the secondary school’s chemistry curriculum.Therefore, 

The lessons of chemistry majors and non-majors should be conducted separately. Also, It is necessary to 

include the latest secondary school chemistry textbook's experiments so that they can be linked to secondary 

school chemistry contents.In this way, the general chemistry experiment at the Teacher’s college should 

provide practical help to the application of real school class. 
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As a case study on professors’ teaching professionalism in science-engineering classes, we analyzed their 

lectures based on the pedagogical content knowledge. Four professors at a university in Chungcheongbuk-

do participated in this study voluntarily. Their syllabi were collected before the lecture, and their lectures 

were observed and videotaped. Semi-structured interviews were conducted before and after their lectures. 

The subcategories of the PCK components were modified and supplemented in accordance with the lecture 

context of the university professor. The components of PCK were classified into ‘orientation to teaching in 

science-engineering classes’, ‘knowledge of curriculum’, ‘knowledge of students’ understanding’, 

‘knowledge of instructional strategies’ and ‘knowledge of assessment of student’s learning’. ‘Orientation 

to teaching in science-engineering classes’ is a system of beliefs about lecture goals and objectives. 

‘Knowledge of curriculum’ is the knowledge related to the ability to understand, organize and manage the 

curriculum appropriate for lectures. ‘Knowledge of instructional strategies’ is the knowledge related to 

understanding, developing, and applicating appropriate teaching strategies and materials. 'Knowledge about 

students’ understanding’ is the knowledge that includes students' misconceptions, levels of development, 

and learning difficulties in lectures. 'Knowledge of assessment of student’s learning' is the knowledge 

related to the ability to understand, develop and applicate appropriate dimensions and methods for 

assessment. We will discuss the implications of education in university by summarizing the characteristics 

of the professors’ lectures. 
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AbstractThis study has reviewed overall issues of the Japanese science education based on (ⅰ) the analysis 

of the research on the domestic and international surveys for academic achievements and (ⅱ) the on-site 

research of the elementary, middle and high schools, and has looked into the fundamental principles of the 

newly revised Japanese science curriculum and the influence and relevance of the issues of the Japanese 

science education to the revision of the science curriculum. In this study, the analysis of the research on the 

domestic and international surveys for academic achievements and curriculum, which is concerned with  

the science subject conducted under the current Japanese curriculum, is categorized into the international 

and the domestic research results, and which are further categorized into (A) the aspect of scientific learning 

achievement and the scientific learning contents, (B) the aspect of students’ attitude on science, and (C) the 

aspect of the environments for science education.Key words: Japan, Revised Science Curriculum, 

International Assessment, Domestic Assessment[1] Y.T. Kong (2011). The Understanding on the Revised 

Japanese Science Curriculum. Subjective Education Research, 15(1), 123-142.Acknowledgments: This 

work was supported by National Research Foundation of Korea Grant funded by the Korean Government  

(NRF-2016R1D1A1B02008712). 
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Representations are critically important in science. They are used to visualize image, to provide information  

and explanation, to help describe an idea, and to produce knowledge. Especially, the role of representation 

is essential in chemistry where mostly dealing the abstract concepts. The aim of the study is to analyse and 

categorize representations being used in five different 7th grade science textbooks developed under the 

2015 revised national curriculum. The selected science topic for the study is properties of gas including 

diffusion, evaporation, pressure of gas, Boyle’s law, and Charles’ law. Based on previous literature, we 

developed a two-dimensional analytical framework: abstractness of the referent(macroscopic, microscopic, 

symbolic, multiple, hybrid, and mixed representation) and the function of representation(descriptive, 

explanative, relational, indicative, and performative representation). The results are as follows. First, the 

most frequently used type and function of representation were macroscopic and descriptive representation. 

While symbolic representation was hardly used. Second, the type and function of representations used in 

each concepts were similar in any textbook with a slight variation. Third, the type and function of 

representations varied with concepts. Multiple representations were more frequently presented in diffusion 

and evaporation, while hybrid representations were often used in pressure of gas than other concepts. 

Descriptive representations were presented frequently in Boyle’s and Charles’ law. In addition, explanative 

representations were more frequently presented in pressure of gas. The educational implications related to 

implementation of representation and suggestions for future research were discussed on the basis of results. 
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Aiming for developing assessment tools of pupil's character competence enhanced by the Collaborative 

Problem-Solving for Character Competence(CoProC) instruction model, this research focused on 

progressing a new qualitative assessment tool and comparing it with a current quantitative one. Through 

analyzing literature, nine elements of character competences including openness, sympathy, tolerance, 

consideration, sincerity, self-control, honesty, responsibility, and cooperation, which were criteria adopted 

in this assessment tool, were extracted. Based on previous tools related character competence, checklists of 

student's character competence on the CoProC model in chemistry class were developed by experts' 

discussion. With pre-survey consisting of 88 checklists, the actual ones were elaborated and compacted by 

the reliability test among 71 secondary school teachers, resulting in 53 checklists. Verified on the inter-

rater reliability among two teachers and one researcher, the checklists for qualitative assessment were 

compared with a current quantitative one in chemistry class. 
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The Field Placement Program is an opportunity for pre-service teachers to use the knowledge they have 

learned at the university directly in the field and is an important area for raising the field experience. In the 

Field Placement Program, however, pre-service teachers have experienced many difficulties during the 

Field Placement Program. For example, pre-service teachers have difficulty in re-organizing the contents 

of the curriculum with the lack of curriculum-related knowledge, difficulty in providing them to students, 

difficulty in efficiently responding to changing class situations, And the emotional instability such as the 

coming fear. Therefore, in order for the pre-service teachers' classroom practice to be tailored to their 

original goals and intentions, a new teacher education plan is needed that can help classroom practitioners 

of pre-service teachers. Recently, as the teacher learning community emerged as an important medium for 

teacher education, we conducted research using the teacher learning community in pre-service teachers' 

education. The teacher-learning community was established in conjunction with the 67 schools of pre-

service teachers of Korea National University of Education, 17 of dispatched in-service teachers to Korea 

National University of Education and 19 of middle schools in Sejong city. To December 2017 for seven 

months. A semi-structured interview was conducted on 18 out of 67 pre-service teachers and the same 

interviews were conducted with 5 of third grade students who completed the Field Placement Program. As 

a result, pre-service teachers trained through the teacher learning community got better results in 

understanding learners and developing teacher professionalism and teacher identity. 
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This study applies the Argument-based Modeling Strategy to general chemistry experiment activities for 

preservice chemistry teachers in order to observe the modeling ability on the audience' perspective. 

Argument-based Modeling(AbM) is a learning strategy for students to search for evidence that will support 

their claims. One can cultivate critical and comprehensive thinking skills by listening to someone else’s 

opinions and determining their validity, and when proposing alternatives to refutations. Through writing, 

students are able to improve their analytical and comprehensive thinking skills. In addition, particular 

audiences for writing have an impact on students understanding of science concepts. Writing to a peer or a 

younger audience other than teacher leads to benefits in student construction of scince knowledge. The 

participants of the study were 18 first-year university students (8 male, 10 female), taking a general 

chemistry lab course at a university located in a metropolitan city. The students participated for a year, from 

March through December of 2017. The general chemistry lab was divided into six groups of three to four 

persons. The groups were divided according to the results of a chemistry concepts test, whether or not the 

student had completed Chemistry II in high school. They completed eleven topics of general chemistry 

experiment using argument-based modeling strategy. In the analysis, one science education expert, one 

science teacher with a doctorate in science education, one PhD student, and one master’s student were 

involved in. We analyzed the lab reports submitted by the preservice secondary chemistry teachers in order 

to check the standard of their model in a general chemistry experiments using Argument-based Modeling. 



We also conducted and analyzed questionnaires to ascertain the preservice chemistry teachers’ perceptions 

on model and modeling. 
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Science is a discipline that seeks to explain the natural phenomena of the uninitiated world. Scientists 

simplify complex nature and express it in a regular form or with a specific algorithm. This idea of scientists 

is a science model. Even when looking at the same phenomenon in spatio-temporal terms, it may be 

explained by different models depending on the viewpoint. Therefore, the understanding of the scientific 

model is directly related to the understanding of the specific algorithm of the model. On the other hand, the 

acid-base model is a unique area in which various models coexist according to useful usage in the course 

of the development of the chemical history. In a study of many acid-base alternatives, students report that 

understanding an acid-base model is more difficult than understanding another acid-base model. The reason 

for this is that different acid-base models have different viewpoint, and the viewpoint of the model is mixed  

indiscriminately. The Arrhenius model has a material view in that the distinction between acid and base is 

absolute, and the Bronsted-Lowry model has a procedural view in that the distinction between acid and 

base is relative. Therefore, a new explanatory method of acid-base concept is needed to understanding of 

the specific algorithm of the model. Recently, the programming which is attracted much attention is similar 

to the scientific modeling in that it algorithms human thinking, implements algorithm using a computing 

system, and modifies algorithm, so programming can be utilized in science education. Therefore, this study 

confirms the algorithm learning effect of the scientific model using programming and explores the 

possibility of it. 
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This study was conducted on 18 secondary chemistry teachers (3 middle school teachers and 15 high school 

teachers) who want to practice the performance assessment for 'acid and base' learning. They formed a 

teacher learning community (TLC) with 3 teachers, therefore totally the 6 TLC were run.In this TLC, the 

reflection and the practice (design, presentation, feedback between TLC, final design, final presentation, 

final feedback between TLC of performance assessment plan) on performance assessment were done. 

Based on the performance assessment data developed by the six TLC collected during this process, the 

teacher assessment literacy in practice (TALiP) of secondary chemistry teachers was analyzed. The results 

of this study show that the TALiP of secondary chemistry teachers. This makes it possible to create a very 

specific discussion of how are the practice of secondary chemistry teachers on the performance assessment 

for 'acid and base' learning. Also, this can also lead to a discussion of what are secondary chemistry teachers 

having trouble with the practice on performance assessments as ‘assessment for learning’. Therefore, this 

study will make to start with the debate about the TALiP and difficulties on performance assessment of 

secondary chemistry teachers. This study will help to find answers about the two questions; ‘Where does 

the teacher education about assessment for secondary chemistry teachers begin?’, ‘Where should it go?’. 

This study will contribute to finding and discussing the direction of teacher education about the assessment 

for secondary chemistry teachers. 
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The concept of acid bases is a classical area where students have learning difficulties.Previous studies have 

focused on studies of misconceptions about acid basin and methods of eliminating misconceptions. Until 

recently, however, students still have misconceptions and complain about learning difficulties. In addition, 

during the recent studies on acid bases, science teachers have mostly described the definitions of the three 

acid bases models in a similar way. Most of the existing acid base concept test items are presented in the 

form of presenting the given problem situation and checking the view items developed according to the 

conceptual model. However, this type of testing tool is difficult to understand various types of thinking and 

concept of students and responds to limited views, so it has limitations in understanding student concept 

types. The purpose of this study is to measure students' conceptual models by using descriptive questions 

and visual representations of particles in various contexts, unlike previous tools for measuring acid base 

concepts. This open - ended conceptual inspection tool is expected to give meaningful implications to the 

student 's conceptual model. 
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A survey of the high school science teachers ' perception on teaching 

‘ Integrated Science ’ and ‘ Scientific Exploration Experiment ’ 
according to the revised curriculum 2015 
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The purpose of this study was to understand the high school teachers ' professionalism, anxiety, and 

perception on the subject ' Integrated Science ' and ' Scientific Exploration Experiment ' in the revised 

curriculum 2015. The subjects were 45 science teachers at high schools who looked at the background and 

academic curriculum of teachers, how to explore and integrate scientific lessons related to the expected 

'Integrated Science ' and ' scientific exploration experiment ', and how to teach subjects related to science 

teachers First, high school science teachers are well aware of the possibility of introducing the revised 2015 

curriculum, and I think the integrated science course can be handled by anyone who has studied science 

subjects. However, they showed negative perception when the subjects of the study were assigned to the 

classes. Teachers ' most shunned areas of science are the ' physical ' areas, and the main reason for their 

reluctance to a particular area is the lack of expertise in it. Second, integrated science, which must teach by 

incorporating the four areas of science, may require a high degree of expertise from teachers who take 

actual lessons, but it also requires that teachers deal with subject matter strategies that are above average. 

Teachers can also find that they are most anxious about the subject matter of ' Integrated Science ' and feel 

anxiety about the evaluation area. Third, far fewer teachers have taken training courses related to scientific  

exploration experiments than those who have attended training related to integrated science. Teachers can 

see a positive perception of the need to reeducate and train more specialists in integrated science and 

scientific exploration experiment. 
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Recently, the technology development that can prevent environmental pollution and reduce resource 

consumption is becoming more important. Therefore, the minimization of the waste incineration and 

landfill, and maximizat ion of the waste recycling can prevent environmental pollution and save resources 

and energy. Currently, approximately 150 tons of ammonium nitrate have been generated every month in 

Gumi Industrial Complex and Gyeongbuk Industrial Complex, and they are treated in advanced treatment 

system mainly by paying expensive wastewater. Therefore, there is growing interest in technologies that 

can reduce wastewater costs and added value by utilizing ammonium nitrate wastewater. In this study, the 

method of removing the unnecessary heavy metals and contaminants was optimized to utilize the 

ammonium nitrite produced in the oxide metal manufacturing process. The removal efficiency of Zn and 

Fe by solvent extraction method using D2EHPA extractant was about 95.1% and 96.6%. Also, Using 

Cyanex 272 extract, 96.1% of Ni and 93.5% of Co were removed. Consequently, this study shows that 

D2EHPA and Cyanex 272 may be suitable extractant for heavy metal from the synthesis solution. 

Extraction efficiency and separation factor could be increased by controlling pH and extractant 

concentration. 
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Photocatalytic reduction of CO2 to fuel offers an exciting opportunity for helping to solve current energy 

and global warming problems. Although a number of solar active catalysts have been reported, most of 

them suffer from low product yield, instability, and low quantum efficiency. Therefore, the design and 

fabrication of highly active photocatalysts remains an unmet challenge. In the current work we utilize 

hydrogen-doped, blue-colored reduced titania for photocatalytic conversion of CO2 into methane (CH4). 

The photocatalyst is obtained by exposure of TiO2 to NaBH4 at 350 C for 0.5 h. Sensitized with Pt 

nanoparticles, the material promotes solar spectrum photoconversion of CO2 to CH4 with an apparent 

quantum yield of 12.40% and a time normalized CH4 generation rate of 80.35 micromol g-1 h-1, which to 

the best of our knowledge is a record for photocatalytic-based CO2 reduction. The material appears 

intrinsically stable, with no loss in sample performance over five 6 h cycles, with the sample heated in 

vacuum after each cycle. 
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efficiency for Perovskite Solar Cells 
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We report Perovskite solar cell with a high-quality three dimensional Photonic crystal nanostructure 

embossed in the mesoporous titanium oxide layer. We have developed the mesoporous layer with embossed 

pattern to enhance the optical properties via the patterning procedure including fabrication of well-designed  

PDMS master mold with nano-scale patterns and pressure imprinting/stamping PDMS with various 

imprinted nano-scale structures in the mesoporous TiO2 layer. The effect of photonic crystal with round-

shaped of various size show that enhanced optical absorption. The current density is greatly improved while 

the open-circuit voltage of the cell maintain. As a result, power conversion efficiency was greatly improved. 
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doped Sodium Titanate Nanotubes 
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Carbon and nitrogen co-doped sodium titanate nanotubes (C,N-TNT) active under simulated solar light are 

synthesized by a simple two-step process comprising an alkaline hydrothermal technique followed by 

calcination. Different samples of C,N-TNT with varied dopant concentrations are achieved by changing the 

amount of urea as a nitrogen and carbon dopants. The photocatalysts are characterized using numerous 

experimental techniques, and under simulated solar light investigated for the photocatalytic conversion of 

CO2 and water vapor to CH4. The C,N-TNT sample with an intermediate doping concentration yields the 

maximum methane yield of 9.75 μmol/g h. The key factors contributing in the improvement of 

photocatalyst performance includes light absorption, surface area and Na+ ions concentration in TNT acting 

asCO2adsorption site and photogenerated electrons recombination centers. The higher doping levels results 

in lower specific surface areas leading to decrease in photocatalyst performance. Our results suggest co-

doping of nanostructured photocatalysts is an excellent pathway for improving textural and photocatalytic 

properties for the respective application domain. 
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Cu2ZnSnS4 (CZTS)–TiO2 photocatalyst 
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A major concern facing global society is the ongoing excessive release of CO2 into the atmosphere where 

it acts as a heat-trapping greenhouse gas. One approach to helping control atmospheric CO2 concentrations 

is to use solar energy to convert CO2 into useful products, namely hydrocarbons, by use of specifically  

designed photocatalytic materials. While numerous photocatalysts have been investigated for use in CO2 

reduction, the field remains in it's infancy with, overall, relatively poor photoconversion efficiencies and 

product selectivity. This study reports the synthesis and design of a mesoporous noble metal free p-type 

Cu2ZnSnS4 (CZTS)/n-type TiO2 heterojunction photocatalyst for broad spectrum light absorption, 

enhanced charge separation and transfer that, in turn, enhances photocatalytic CO2 conversion. A maximum 

methane production rate of 118.75 ppm g1 h1 is observed, which represents a methane evolution rate 

approximately 12 times greater than that of pure TiO2. The key factors contributing to the enhanced 

photocatalytic performance seen in the mesoporous CZTS–TiO2 samples include improvedlight absorption, 

high surface area, and effective charge separation 
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Surface modification of acupuncture needle for activation of vital 
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Acupuncture needle begins to be employed from 6000 BC, which is believed to be utilized with early type 

such as sharpened stone, bamboo, bone. It is a medical device which converts physical energy to vital 

energy by needle insertion on skin. A few studies have reported enhanced acupuncture efficacy via 

modification of diverse parameters such as acupuncture needle diameter, depth of insertion, and needle 

surface. Inspired by such intriguing results, recently we reported fabrication of nanoporous acupuncture 

needle (PN). The electrochemically anodized acupuncture needle manifest hierarchical micro/nanos-porous 

surface. That topographical features, interconnected elastic fibers and collagen strongly, that enhance 

effective surface area and 'de qi' effect. This naturally activated vital energy is inexplicable. but, it is 

believed that the effect of acupuncture are mediated through electrical stimulation of central nervous system, 

leading to reduced tissue inflammation 
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powered single-chamber microbial fuel cell 
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A novel hybrid single chamber microbial fuel cell is described in which a TiO2 nanotube array 

(TNT)photoanode is coupled with a conventional bioanode to achieve simultaneous degradation of 

methyleneblue (MB) dye with improved power generation. As compared to a conventional microbial fuel 

cell (MFC),the described hybrid-MFC exhibits enhanced power density (14%), current density (33%), and 

voltage (4%)while simultaneously degrading MB dye, 82.79% after 3.5 h of operation under simulated  

solar lightillumination. The key factor attributed to the enhanced performance is the addition of 

photogeneratedelectrons to the MFC external circuit. The effect of various design configurations is also 

investigated, suchas the presence of an air cathode, anode type, and illumination. The hybrid-MFC strategy 

provides newdirections for productive and economical utilization of microbial fuel cells. 
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Hybrid CuxO−TiO2 Heterostructured Composites for Photocatalytic 

CO2 Reduction into CH4 
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Photocatalytic CO2 conversion to fuel offers an exciting prospect for solar energy storage and transportation 

thereof. Several photocatalysts have been employed for CO2 photoreduction; the challenge of realizing a 

low-cost, readily synthesized photocorrosion-stable photocatalytic material that absorbs and successfully 

utilizes a broad portion of the solar spectrum energy is as yet unmet. Herein, a mesoporous p-type/n-type 

heterojunction material, CuxO−TiO2 (x = 1, 2), is synthesized via annealing of Cu/Cu2O nanocomposites 

mixed with a TiO2 precursor (TiCl4). Such an experimental approach in which two materials of diverse 

bandgaps are coupled provides a simultaneous opportunity for greater light absorption and rapid charge 

separation because of the intrinsic p−n heterojunction nature of the material. As detailed herein, this 

heterostructured photocatalyst demonstrates an improved photocatalytic activity. With the CO2 reduction 

of our optimal sample (augmented light absorption, efficacious charge separation, and mesoporosity) that 

utilizes no metal cocatalysts, a remarkable methane yield of 221.63 ppm·g−1·h−1 is achieved. 
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Saving Vital Energy with Enhanced Therapeutic Method using 

Hierarchical Micro/Nano-Porous Acupuncture Needles 
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Acupuncture as a therapeutic intervention has been widely used for treatment of many pathophysiological 

disorders. For achieving improved therapeutic effects, relatively thick acupuncture needles have been 

frequently used in clinical practice with, in turn, enhanced stimulation intensity. However due to the 

discomforting nature of the larger-diameter acupuncture needles there is considerable interest in developing 

advanced acupuncture therapeutical techniques that provide more comfort with improved efficacy. So 

motivated, we have developed a new class of acupuncture needles, porous acupuncture needles (PANs) 

with hierarchical micro/nano-scale conical pores upon the surface, fabricated via a simple and well known 

electrochemical process, with surface area approximately 20 times greater than conventional acupuncture 

needles. The performance of these high-surface-area PANs is evaluated by monitoring the 

electrophysiological and behavioral responses from the in vivo stimulation of Shenmen (HT7) points in 

Wistar rats, showing PANs to be more effective in controlling electrophysiological and behavioral 

responses than conventional acupuncture needles. Comparative analysis of cocaine induced locomotor 

activity using PANs and thick acupuncture needles shows enhanced performance of PANs with  

significantly less pain sensation. Our work offers a unique pathway for achieving a comfortable and 

improved acupuncture therapeutic effect. 
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Microbial fuel cells (MFCs) is one of the pioneering studying field of environmental energy because of its 

unique advantages which can do wastewater treatment and electricity generation at once. However, to 

commercialize MFCs, overcoming low performance of MFCs by slow oxygen reduction reaction (ORR) is 

primarily goal. To solve this problem, we couple conventional bioanode with a TiO2 photoanode to build 

hybrid MFC. By attaching photocatalytic photoanode, it supplies photogenerated electrons to MFC's circuit, 

which accelerate ORR, and it makes enhanced power density performance (1284±20 mW m^-2) comparing  

normal one (850±12 mW m^-2). Moreover, we can prove TiO2 photoanode of hybrid MFC have ability to 

reduce CO2 to methane (1.10 ppm cm^-2 h^-1). 
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Electrochemical CO2 Conversion in Aqueous Solution via Metal 

Nanoclusters (Au25, PtAu24, Cu32) 
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As fossil fuel consumption increases atmospheric CO2 concentrations, global warming is occurring. And 

the lots of efforts are underway to capture and convert carbon dioxide to cope with this climate change. 

Among them, carbon dioxide conversion through electrocatalysis is a promising field of research. However, 

for a more effective and feasible electrochemical catalyst system, the catalyst must be capable of producing 

valuable products with high selectivity. In this presentation, we show an electrochemical conversion system 

of carbon dioxide using a metal-based cluster(Au25, PtAu24, Cu32) as a catalyst. The metal nanoclusters were 

immobilized on a carbon-based electrode and these nanoclusters converted carbon dioxide filled in an 

aqueous solution(pH=7). We found that Au25 exhibits more than 90% faradaic efficiency for CO at 0.4 V 

overpotential through constant potential electrolysis. However, the results of the PtAu24 cluster show a high 

selectivity for hydrogen evolution under the same experimental conditions. In the partial current analysis, 

Au25 and PtAu24 were found to be selective for CO and H2, respectively. And that the proper mixing of the 

two clusters(Au25, PtAu24) can regulate the production rates of CO and H2 similar to syngas ratio(H2/CO = 

1~4). Finally, it was confirmed that formic acid, a high-value compound, can be produced with a faraday 

efficiency close to 90% at an overpotential of 0.4 V by using a Cu32 cluster. The work described here 

demonstrates the potential for a feasible electrocatalytic system as well as a more meaningful understanding 

of the CO2 conversion reaction via metal nanoclusters. 
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Even though it is one of the most promising techniques to solve the global water shortage, solar steam 

generation still has a poor efficiency issue. To improve the solar-to-vapor conversion efficiency, a new 

photoabsorber based on three-dimensional mesoporous graphene networks (3DGNs) with a high solar 

absorption property, high surface area, and easy pathways for escaping of generated vapors has been 

developed. In addition, the device utilized a wood post to deliver water by a capillary force and to prevent 

heat loss to bulk water by thermal insulation. It has shown greatly enhanced solar-to-vapor conversion 

efficiency of about 91.8% under one sun illumination and excellent desalination efficiency of five orders 

salinity decrement. Since this highly efficient solar desalination device is made by mass-producible 3DGNs  

and the earth-abundant wood piece, it provides a straightforward way to efficiently supply worldwide fresh 

water. 
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Study on Near Infrared Absorption Heating Film for Prevention of 

Winter Snow in Winter 
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Various environmental disasters are occurring due to the rapidly changing climate change in the world. 

Korea is suffering from heavy summer heat and winter heavy snow. Many researchers are seeking solutions 

to prevent this.In particular, heavy snowfall in the winter causes heavy damage to the vinyl houses installed 

for the production of winter crops, resulting in financial losses. In order to solve this problem, we tried to 

prevent the introduction of the vinyl house structure and additional facilities.The purpose of this study is to 

dissolve snow by dissipating heat by using near infrared rays of solar energy in order to prevent damages 

caused by heavy snow without changing the structure and installation of additional facilities. It is the 

development of a heating film that combines an inorganic material that absorbs 700-2000 nm wavelength 

in the near infrared region with a polymer that is a conventional vinyl house material and expresses its 

characteristics.We have synthesized inorganic materials used for heating films, confirmed them by XRD, 

confirmed NIR absorption by NIR-UV-VIS spectroscopy, and verified the effect of exothermic films in 

actual field through field application experiments. 
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The Influences of Titania-Silica Mixed Oxides on the Photocatalytic 

CO2 Conversion to CH4 
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TiO2-SiO2 mixed oxide photocatalyst materials responsive to simulated solar light illumination have been 

synthesized by sol-gel method in various polar and nonpolar organic solvent mixtures. The photocatalysts 

were characterized by numerous experimental techniques and investigated for the photocatalytic conversion 

of CO2 to CH4. The TiO2-SiO2 mixed oxide photocatalysts prepared in the presence of nonpolar aromatic 

solvents such as xylene, toluene or benzene along with ethanol show high surface area, huge mesoporosity 

and enormous pore volume compared to the materials conventionally synthesized in a mixture of ethanol 

and hexane. The TiO2-SiO2 mixed oxide photocatalyst prepared in benzene along with ethanol yields 21.0 

ppm g-1 h-1 of methane production; however the material synthesized in hexane shows negligible amount 

of methane production under simulated solar light irradiation. These results indicate that aromatic nonpolar 

solvents can tune the textural properties of photocatalysts compared to non-polar aliphatic solvents. 
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Tortuous-Path Effect on Electrocatalytic Multilayer Nanoelectrode: 

Diffusion Control with Sized Graphene Nanosheets 
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Controlling the architecture of hybrid nanomaterial electrodes is critical for understanding their 

fundamental electrochemical mechanisms and applying these materials in future energy conversion and 

storage systems. Herein, we report highly tunable electrocatalytic multilayer electrodes, composed of 

palladium nanoparticles (Pd NPs) supported by graphene sheets of varying lateral size, employing a 

versatile layer-by-layer (LbL) assembly method. We demonstrate that the electrocatalytic activity is highly 

tunable through control of the diffusion and electron pathways within the 3-dimensional multilayer 

electrodes. A larger-sized-graphene-supported electrode exhibited its maximum performance with a thinner 

film, due to superior charge transfer by the mass transfer limited in early stage, while a smaller-sized-

graphene-supported electrode exhibited its highest current density with high mass loading in the thicker 

films by enabling facile mass transfer through increased diffusion pathways. These findings of tortuous-

path effect on electrocatalytic electrode supported by varying sized graphene provides new insights and a 

novel design principle in electrode engineering that will be beneficial for the development of effective 

electrocatalysts. 
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Reduced TiO2 photocatalyst by magnesiothermic reduction for 

enhanced photocatalytic CO2 Conversion into Hydrocarbon fuels 
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Elevated atmospheric CO2 levels are recognized as a key driver of global warming. Making use of sun-

light to photoreduce CO2, in turn fabricating hydrocarbon fuels compatible with the current energy 

infrastructure, is a compelling strategy to minimize atmospheric CO2 concentrations. However, practical 

application of such a photocatalytic system requires significant efforts for improved photoreduction 

performance and product selectivity. Herein, we investigate the performance of our newly developed 

reduced TiO2, prepared by a reduction process using Mg in 5% H2/Ar, for photoconversion of CO2 and 

water vapor to hydrocarbons, primarily CH4. Using Pt nanoparticles as a co-catalyst, under simulated solar 

light irradiation the reduced anatase TiO2 exhibits a relatively stable performance with a threefold increase 

in the rate of CH4 production (1640.58 ppm·g−1·h−1, 1.13 mol·g−1·h−1) as compared to anatase TiO2 

nanoparticles (546.98 ppm·g−1·h−1, 0.38 mol·g−1·h−1). The improved photocatalytic performance is 

attributed to enhanced light absorption, suitable band edge alignment with respect to the CO2/CH4 

redoxpotential, and efficient separation of photogenerated charges. Our results suggest that the Pt-sensitized 

reduced TiO2 can serve as an efficient photocatalyst for solar light CO2 photoreduction. 
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Thin Film Encapsulation for Enhanced Stability of Efficient Perovskite 

Solar Cells 
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The stability of perovskite solar cell (PSC) is enhanced significantly by applying a customized thin film 

encapsulation (TFE). The TFE is composed of a multilayer stack of organic/inorganic layers deposited by 

initiated chemical vapor deposition and atomic layer deposition, respectively, whose water vapor 

transmission rate is in order of 10-4 gm-2day-1 at an accelerated condition of 38 °C, 90% relative humidity  

(RH). The TFE is optimized in the consideration of various aspects for the thermo-sensitive PSCs. 

Especially, lowering the process temperature is one of utmost importance to minimize potential thermal 

damage to PSC during the monolithic integration of TFE onto PSC. The direct deposition of four dyads of 

TFE onto PSC causes less than 0.3 % of degradation (from 18.5 % to 18.2 %) in the power conversion 

efficiency while the long-term stability is substantially improved; the PSC retains 97% of its original 

efficiency after 300 hr exposure to an accelerated condition of 50 °C, 50% RH, confirming the enhanced 

stability of the PSC against moisture. 
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Removal of organic toxicants by bio-degradation of a microbial fuel 

cell 
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To remove organic toxicants, such as benzene and chloroform, microbial fuel cells were applied. First, 

anaerobic bacteria were grown on the anode with acetate substrate until the voltage was maximized, while 

oxygen was used as a electron consumer in the cathode chamber. Then the anolyte was replaced with 

organic toxicants. The open circuit potential was initially reached 0.4 V and closed circuit potential with  

1000 ohms resistor was 0.12 V. According to the removal efficiency results, over 91% of benzene and 

80%of chloroform were successfully removed within 20 hours. 
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A molecular dynamics study of Nafion and SPEEK polyelectrolyte 

membrane in catalyst layer 
 

Ye-Seol Ha, Hyungjun Kim1,* 

 
EEWS, Korea Advanced Institute of Science and Technology, Korea 

1Korea Advanced Institute of Science and Technology, Korea 

  

Nafion membrane is mainly used for the polymer electrolyte membrane fuel cells (PEMFC) because of 

their high proton conductivity. However unlike to the bulk structure of Nafion, which has been studied by 

many other researchers, further studies are needed on ionomers at the catalyst layer. In this study, the 

internal morphology and water transport properties of Nafion polyelectrolyte at the catalyst layer were 

investigated using molecular dynamics (MD) simulations. We simulated the ionomer surface in contact 

with the gas-phase (or electrode) using slab model in addition to the bulk model. The multi-lamel lar 

structure of Nafion proposed by several experimentalists was reproducible in our study with lamellar model. 

Hydrocarbon-based sulfonated poly (ether ether ketone) (SPEEK) membrane, one of the alternatives to 

Nafion, was also investigated and verified that there is no lamellar model for SPEEK. On the basis of these 

internal morphology and water dynamics in Nafion and SPEEK systems, it can be concluded that water 

molecules are more diffusible in more phase segregated structures. We expect that these results may  

contribute to improve the PEMFC performance via optimizing properties of ionomers in catalyst layer. 
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Molecular Energy Control of Poly(triarylamine) for Improved 

Efficiency of Perovskite Solar Cells Based on Enhanced Open-Circuit 
Voltage 

 

Eui Hyuk Jung 
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The energy level alignment of a perovskite material and hole transporting material (HTM) is crucial 

requirement for increasing open-circuit voltage (Voc) and performance of perovskite solar cells (PSCs). In 

this work, we develop new poly(triarylamine)s (PTAAs) with tuned highest occupied molecular orbital 

(HOMO) energy levels and applied them as hole transporting layer into PSCs. Our approach successfully 

dereases the highest occupied molecular orbital (HOMO) energy levels of PTAA derivatives from -5.14 eV 

to -5.63 eV, thus resulting in significant increase of Voc and power conversion efficiency (PCE) of PSCs. 

In particular, the use of PTAA derivate (P2) with HOMO energy levels of -5.52 eV in 

(FAPbI3)0.85(MAPbBr3)0.15-based mesoporous n-i-p structure PSCs produced the optimized PCE value of 

22.1% with significantly improved Voc of 1.14 V. 
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Generation Mechanism of Mobile Hydroxyl Radical on UV-illuminated 

TiO2 
 

Jiyoung Hwang, Bupmo Kim1, Wooyul Kim*, Wonyong Chou1,* 
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TiO2 as a photocatalyst is a widely investigated for very diverse applications. Despite intensive research 

efforts devoted to photocatalysis, the complete understanding of photocatalysis phenomenon and the 

mechanisms is still far away. In our previous study, we addressed an important and popular question of 

why anatase and rutile forms of titania exhibit different photocatalytic activities. The ability of anatase to 

generate mobile •OH was proposed as a previously unrecognized key factor that explains the common 

observation that anatase has higher photocatalytic activities than rutile for many photooxidative reactions. 

The origin of crystal phase-dependent generation of •OHf was unveiled by studying •OHf generation 

mechanism. In general, two proposed mechanisms for the •OHf generation with illuminated TiO2 can be 

envisaged: i) oxidative, where surface trapped holes (h+t) directly oxidize H2O to •OHf, and ii) reductive, 

where surface trapped electron (e-t) generate H2O2 from O2, that subsequently decomposes to yield •OHf. 

In any case, •OHf generation seems to be a crystal phase dependent process. To find out why rutile phase 

cannot generate •OHf, tetramethylammonium (TMA) as an indicator of mobile OH radical was proved in 

acidic condition. A complete assessment of the reductive pathway requires to clarify the role of H2O2 in the 

system, as it is a •OHf intermediate. The detail generation mechanism of mobile •OHf will be discussed. 
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Heavy Metals Pollution of Surface Water and Sediment of Watari 

Reservoir, Kano State, Nigeria 
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Abstract - Watari reservoir is one of the largest man made dams in Northern Nigeria. It was constructed for 

the purpose of irrigation, drinking water supply, recreation and limnology. To assess the pollution status of 

the reservoir, water and sediment samples were collected in three seasons of the year; November - February 

(cold season); March - June (dry season) and July - September (rainy season) from five sampling sites. The 

samples were analyzed for heavy metals; Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni and Zn using Atomic Absorption 

Spectrophotometer (AAS). The result obtained was found to be comparable to those reported for tropical 

reservoirs. Fe recorded the highest mean values of 6.53 mg/L in water and 12.21 mg/kg in sediment which 

is above the acceptable limit. Cr was BDL in water and 0.79 mg/kg in sediment. Statistical analysis shows 

that the values obtained in sediment were higher than those of water samples with significant difference p 
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Investigation of Chemical Compositions and Hygroscopic Properties of 

Aerosols Generated from NaCl and Dicarboxylic Acid Mixture 
Solutions Using In Situ Raman Microspectrometry 

 

Xue Li, CHUL-UN RO1,* 

 
Inha University, China 

1Department of Chemistry, Inha University, Korea 

  

Recently, ambient sea spray aerosols (SSAs) were reported to undergo reactions with dicarboxylic acids. 

The hygroscopic properties of SSAs could be altered when chemical compositions of SSAs are modified , 

which in turn alters their optical properties and cloud-droplet nucleation efficiency. In this work, 

hygroscopic property and chemical reaction of aerosols generated from NaCl-oxalic acid (NaCl-OA), 

NaCl-succinic acid (NaCl-SA), and NaCl-glutaric acid (NaCl-GA) mixture solutions of different molar 

ratios were studied using in situ Raman microspectrometry. Observation and Raman analysis indicated 

sodium hydrogen oxalate (SHO) and disodium oxalate (DSO) were formed during dehydration process for 

NaCl-rich aerosols from solutions of NaCl : OA = 3 : 1 and 2 : 1. Meanwhile, for OA-rich aerosols from 

solutions of NaCl : OA = 1 : 1 and 1 : 2, only SHO was formed with almost complete consumption of NaCl. 

Hygroscopic behavior appeared to vary depending on the relative amounts of NaCl, OA, SHO, and DSO 

in the aerosols. However, for aerosol particles generated from NaCl-SA and NaCl-GA mixture solutions, 

the formation of monosodium succinate and glutarate salts was observed for SA-rich and GA-rich mixtu re 

aerosols with unreacted, remaining NaCl, indicating that chemical reactions for NaCl-SA, and NaCl-GA 

mixture systems did not occur as easily as NaCl-OA system. 
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Systematic Study on Hygroscopic Behavior of Ammonium Sulfate and 

Ammonium Nitrate Mixture Particles 
 

Li Wu, CHUL-UN RO1,* 

 
Inha University, China 

1Department of Chemistry, Inha University, Korea 

  

Inorganic species such as ammonium sulfate (AS) and ammonium nitrate (AN) occupy 20-50% among the 

ambient atmospherical fine aerosol mass and significantly affect air quality, visibility degradation, and 

climate change. In the present work, laboratory generated, micrometer sized, pure AS, AN, and AS-AN 

mixture aerosol particles of 7 mixing ratios (mole fraction of AS(XAS)=0.06, 0.15, 0.2, 0.28, 0.5, 0.6, 0.8), 

were examined systematically to observe their hygroscopic behavior, derive experimental phase diagrams, 

and obtain chemical micro-structures using in-situ Raman Microspectrometry (RMS). All the nebulized  

mixture particles experienced only one efflorescence at relative humidity (RH) ranging from 20%-40%, 

probably due to heterogeneous crystallization. Nebulized AS-AN mixture particles of XAS=0.06 showed 

single-stage transition at deliquescence relative humidity (DRH)=60.3%, while others exhibited two-stage 

deliquescence and all these experimental DRHs data are consistently higher than the theoretical values 

calculated from E-AIM model, might be due to the variation of crystallization when effloresced. AS and 

AN mixture can crystallize as the stable and/or metastable double salts (2AN·AS and 3AN·AS, respectively) 

and the degree of metastability differed under different mixing ratios as reported before. RMS study to 

clearly understand the hygroscopic behavior and crystallization of AS-AN mixtures is under progress and 

further results will be presented. 
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Immobilization of Carbonic Anhydrase on the Functionalized 

Aluminum oxide 
 

In Taek Hwang 
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Ultimately, to reduce the concentration of atmospheric CO2, it is necessary to capture, separate, store or 

reuse CO2. Meanwhile, researchers are working to develop new ways to accelerate CO2 conversion 

efficiency with value-added compounds using biological, physical, or chemical methods. CO2 conversion 

to solid form of carbonate appears to be a promising approach. This technology is being studied by several 

groups around the world and can be used to increase efficiency by using a carbonic anhydrase (CA) enzyme 

as a catalyst. However, CA enzymes are very expensive, but they are not recyclable and limit their potential 

in a variety of applications. To solve this problem, the concept of immobilization was utilized. The α-CA 

gene isolated from Duneliala species was transformed with pET42b vector and purified using a 6 × histidine 

tag (1.65 mg protein/ml, specific activity 450 U/mg protein). The amount of dissolved CO2 was increased 

by 3 times by CA treatment at 5 ppm and the amount of calcium carbonate (CaCO3) increased linearly as 

CaCl2 increased to 100 mM. In order to immobilize the enzyme, the aluminumoxide carrier (Al2O3) 

surface was functionalized with methanol, octadecyl- trichlorosilane, 1H,1H,2H,2H-

perfluoroctyltriethoxysilane, 3-aminopropyltriethoxysilane, 3-mercaptopropyltriethoxysilane, and 3-

glycidyloxypropyltriethoxysilane (FT-IR analysis). Of these, more than 99% of the enzyme was fixed and 

repeated up to 40 times, resulting in an effect of 80% or more. CA has an unusually large maximum turnover 

rate of 106 mol[CO2]mol-1[CA]sec-1 and therefore has tremendous potential for biological sequestration 

of CO2. 
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Tungsten oxide defect engineering for water-oxidation and electrical 

oxygen reduction reaction 
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Tungsten oxide with oxygen deficiency has been extensively studied due to its superior photoactivity. 

Oxide defect engineering enable to couple solar energy to oxygen activation. In particular 

nonstoichiometric tungsten oxide (e.g., W18O49) also allow near-infrared (NIR) absorption through 

plasmonic effect, broadening the overall light usability of the material. Although the involvement of oxygen 

vacancies in the photocatalytic process is widely accepted, the nature of the reaction mechanism is complex 

and not clearly understood because it is difficult directly monitor oxygen vacancies which is not stable. 

Herein, we carefully tuned oxygen vacancy of tungsten oxide form W to WO3 via WO2 using high 

temperature anodization method. Through the potassium contained non-aqueous anodization process, few 

amount of potassium can stabilize to oxygen vacancies in tungsten oxides. Various application of precise 

tuned tungsten oxide (e.g., both water oxidation and reduction process, oxygen reduction, etc) will be 

presented. 
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Harnessing low energy photons (635 nm) for the production of H2O2 

using upconversion nanohybrid photocatalysts 
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In the past few decades there has been much effort to develop alternative methods to synthesize H2O2 

because conventional anthraquinone-based andelectrochemical processes require dangerous hydrogen gas, 

toxic organic solvents, and high energy inputs. A photocatalytic H2O2 production, in contrast, is 

asustainable and eco-friendly process that ideally requires only water, dioxygen, and sunlight. However, 

the main challenge toward this goal has been the lack ofefficient photocatalyst materials that effectively  

reduce dioxygen to H2O2 with the maximum use of solar irradiation including low energy photons. Herein 

wedeveloped a ternary nanohybrid consisting of (1) a triplet–triplet annihilation (TTA) upconversion 

chromophore-containing silica nanocapsule; (2) low-bandgapCdS photocatalysts; and (3) a graphene oxide 

nanodisk (GOND) as a co-catalyst for oxygen reduction. Using this ternary nanohybrid, we demonstrated 

anupconversion of red (635 nm) to green (505 nm) light in the ambient aqueous phase and sub-bandgap 

activation of the CdS photocatalyst for the photosynthesisof H2O2. The GOND selectively attached on CdS 

particles facilitated the production of H2O2 by retarding charge recombination and retarding 

CdSphotocorrosion. The proposed ternary nanohybrid can be presented as a model for the TTA-

upconversion based photocatalytic system working under subbandgapirradiation (utilizing low grade solar 

photons) and in an aqueous-phase environment. The solar H2O2 is not only a useful solar fuel but also a 

greenoxidant and disinfectant for water purification, which makes its applications diverse. 
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Solar spectrum photocatalytic conversion of CO2 to CH4 utilizing TiO2 

nanotube arrays embedded with graphene quantum dots 
 

HyeRim Kim, SU IL IN* 
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TiO2 nanotube arrays (TNTs) offer an exciting prospect as a photocatalytic material architecture due to the 

combined properties of high surface area, 1-D vectorial charge transfer, and reduced photogenerated charge 

recombination. However, the TiO2 band gap ≈ 3.2 eV, limits light absorption to the UV region which 

contains but a small fraction of the solar spectrum energy. Graphene is known to effectively absorb visible 

light, and due to its high conductivity promote efficient charge transfer. Herein, we present a novel 

photocatalyst composed of TNTs sensitized with electrodeposited graphene quantum dots (GQDs). The 

GQDs electrodeposition duration is varied to optimize photocatalytic performance of the graphene-TNT 

nanostructure (G-TNT), with properties investigated by transient photocurrent measurement, electrical 

impedance spectroscopy, methylene blue (MB) degradation, and photocatalytic conversion of CO2 to CH4. 

Under solar spectrum illumination optimal G-TNT samples promote a CO2 to CH4 photocatalytic 

conversion rate of 1.98 ppm cm-2 h-1, with carbon origin confirmed by 13CO2 isotopic tests. 




