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Click2—another near-perfect click reaction

K. Barry Sharpless

The Scripps Research Institute

This sulfate-linking reaction depends on unusual acid-base characteristics. Like CuAAC, it is ultra-
reliable within its range of conditions, orthogonal, and a predictably reliable chemical linker.Unlike
CUAAC, Click2 is metal free, thus inherently cleaner and bio-friendly; compatible with several acid-base
catalysts; better at purifying products; and a natural for engineering thermoplastic polymers. Click2's

linkaged groups are less polar, but can't match CUAAC's conditions.
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Novel Functional Polymer Nanostructure Systems: Synthesis,
Fabrication, Structure and Properties
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A series of well-defined brush, star, and block copolymer systems bearing various functional moieties
(biomolecules, mesogens, and charge-trapping molecules, and so on) were newly synthesized. All the
polymer were found to be thermally stable up to high temperatures (200-500 C), providing a process and
utilization windows. They often self-assembled and formed various unique nanostructures, depending on
the chemical architecture and regularity as well as the thermal-annealing, solvent-annealing or their
combinations. Such self-assembly nanostructures and their orientation were successfully analyzed in
detail using synchrotron grazing incidence X-ray scattering and reflectivity; the determined
nanostructures were understood with considering favorable interactions of the polymer backbones and
functional moieties. The phase and surface characteristics in the self-assembled nanostructures can be
well controlled. In particular, biomolecule-containing brush polymer self-assemblies were successfully
controlled to always provide biomolecule rich surface over various processes, which are essential to
demonstrate excellent biocompabilities, anti-adherence of bacteria, anti-adsorption of proteins, and drug
deliveries. Moreover, some other interesting nanostructure systems demonstrated ultra-low dielectric
constant, programmable digital volatile and nonvolatile memories or liquid crystal controllability, which

are highly demanded for advanced microelectronics and flat panel displays.
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Photofunctional Nanodevices for Biomedical Application
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Photodynamic therapy (PDT) has attracting interests as less invasive treatment for solid tumors. Recently,
we have reported ionic dendrimer porphyrin (DP) and dendrimer phthalocyanine (DPc) as an efficient
photosensitizer for PDT. The charged ionic surface can form polyion complex micelles by means of
electrostatic interaction with oppositely charged block copolymer. The large dendritic wedges can
effectively prevent the aggregates formation of core porphyrin or phthalocyanine unit even in highly
concentrated micellar core. In this symposium, | would like to report recent results about the design of
multifunctional nano-devices for the combination cancer therapy and diagnosis. A polymer-metal
complex micelles (PMCMs) were formed by coordination interaction of CDDP with DPc and
poly(ethylene glycol)-block-poly(L-aspartic acid) (PEG-PLAn; molecular weight of PEG segment =
12,000 g/mol; polymerization degrees of aspartic acid segment n = 68, 96). PMCM s have great potentials
as a biomedical nano-device for combination therapy as evidenced by the sustained release of CDDP
from PMCMs under physiological saline conditions and the generation of singlet oxygen under light
irradiation. LbL nano-capsules also have been prepared for the anticancer drug delivery as well as PDT.
Under light irradiation, the LbL nano-capsules exhibited strong photoinduced toxicity and controlled

release of anticancer drug. The detailed aspect will be reported in the symposium.
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Multilayer Nano-platforms for Biomedical Applications

Recent developments in biomaterials for tissue engineering, novel cell culture techniques, and newly
discovered chemicals as a replacement of the growth factors have opened new area toward the engineered
technique of biomedical applications, for use in both research and clinical applications. Ideal bio-platform
must be biocompatible that is to say, they should show both proper surface stability for the promotion of
cell attachment and functions with drug delivery. However, plenty of challenges are still in progress, as
the reason for the high compatibility of polymer film in cell culture environment and precisely controlled
functional release of their drugs. To fulfill satisfactory of these requirements, attention has turned recently
to not only introduce new materials but also developing nano-size controlled film structure of drug-
delivery platforms as such films can enhance the specific functions including stimuli cell-differentiation, -
expansion, fighting infection and promoting wound-healing. Much effort has been devoted to controlling
drug release via manipulating the degradation or dissolution of the films. Layer-by-layer (LbL) self-
assembly technic has been developed and used to prepared biocompatible multilayer films and
polyelectrolyte capsules for drug delivery. Certain drug molecules, such as active proteins, cytokine,
growth factors, enzymes, nucleic acids, and DNA, have been immobilized into nano-sized multilayer
films. The advantages of LbL multilayer films as drug delivery systems include the variation of candidate
materials, also drug molecules itself can use as either functional drugs or components of the film, and
easy to combine to additional functions due to their evenly distributed structure. Furthermore sustained
drug release is possible through controlling the film physical & chemical properties, in addition
multilayer films have the potential to protect drug molecules from losing their biological functions, and
the film preparation process is simple and can be automated. The drug release behavior of polyelectrolyte
multilayer films depends on the permeability, the disassembly or erosion of the multilayer structure, and

other experimental variables. In this presentation, we prepared the cell friendly platform by take full



advantages of LbL assembly with evenly distributed drug loading by nano-sized layer assembly. The
platforms are prepared by various materials including not only synthetic-, natural-polymers but also
functional materials such as growth factors, cytokines which are resulting different film degradation
profiles. In addition, we also introduced the functional objects into multilayer film, such as block
copolymer micelle as a drug container, nanotubes for enhanced mechanical strength. The structures
including functional obejcts could be very useful in achieving additional functions for various cell studies.
These results lay a cornerstone for future studies to achieve the multi-functional platforms including

programmed loading/release of drugs for therapeutic purposes.
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Effect of the Hydrated Viscoelastic Factor of the Polymer Surfaces on
the Cellular Responses

A A]

o

Tokyo Medical and Dental University

In this presentation, the effect of the hydrated viscoelastic factor of the polymer surfaces on the cellular
responses such as adhesion morphology, responding time, and differentiation, etc. will be introduced.
Various factors governing cellular responses to artificial materials have been studied in recent decades.
Even though it has been clarified that the magnitude of a cellular response, such as adhering density or
proliferation rate, is strongly dependent on the protein density on the material surface, the critical factors
that affect the cell functions are yet to be studied extensively. One of the traditional factors explaining
biological responses, i.e., surface free energy represented by surface wettability, was primarily applied to
discuss the one of the cellular responses, i.e. morphology of adhering fibroblasts in this study. However, it
was confirmed that the surface free energy could not explain the morphology of adhering fibroblasts, but
could only be related to the amount of protein adsorption and the extent of cell adhesion, such as
projected cell area. Instead, the hydrated viscoelastic factor of polymer surfaces was confirmed as an
important factor that influences the morphology of adhering fibroblasts on the polymer surfaces. This
result suggests a novel concept, namely that hydrated viscoelastic factor should be considered when
discussing the cellular responses on the polymer surfaces, as distinct from the traditional concept of

surface free energy.
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New polysaccharide-based thermogelling polymers for biomedical
applications

Over the past few years, thermogelling polymers that undergo a thermo-responsive sol?gel transition in
aqueous media have been extensively studied for various biomedical applications, especially for drug
delivery and injectable tissue engineering. These polymers have several advantages compared to other
polymer hydrogel systems, and offer the opportunity to perform a less invasive surgical procedure. These
polymers can be loaded with pharmaceutical agents or cells by a simple mixing procedure in a solution
state, and injected into the target site where they form hydrogel depots and serve as carrier matrices for
localized drug delivery or cell growth. Several synthetic polymers are known to show such
thermoresponsive sol?gel transition behavior. Copolymers of poly(ethylene oxide) and poly(propylene
oxide) (known as poloxamer), and copolymers of N-isopropylacrylamide have been widely studied as
commercially available thermo-sensitive synthetic polymers. They could demonstrate excellent thermo-
sensitive properties, but their clinical applications have been limited due to their lack of biodegradability,
biocompatibility and physical stability. Therefore, there has been a continuing need to develop a new
biodegradable thermogelling system with enhanced biocompatibility and physical stability. In this study,
new thermo-responsive polymers were synthesized by N-acylation of glycol chitosan and evaluated as
thermogelling systems. Their physico-chemical and thermo-responsive properties were characterized in
terms of degradation, cytotoxicity, rheological properties, and in vitro and in vivo gel formation, and

evaluated for several biomedical applications.
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Molecularly Self-assembled Nucleic Acid Nanoparticles for the
Delivery of RNAI Therapeutics
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Nanoparticles are useful for delivering therapeutics into cells. However, size, shape, surface chemistry
and the presentation of targeting ligands on the surface of nanoparticles can affect circulation half-life and
biodistribution, cell specific internalization, excretion, toxicity, and efficacy. A variety of materials have
been explored for delivering small interfering RNAs (SiRNAS) - a therapeutic agent that suppresses the
expression of targeted genes. However, conventional delivery nanoparticles such as liposomes and
polymeric systems are heterogeneous in size, composition and surface chemistry, and this can lead to
suboptimal performance, lack of tissue specificity and potential toxicity. Here, we show that self-
assembled DNA tetrahedral nanoparticles with a well-defined size can deliver siRNAs into cells and

silence target genes in tumours.
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Engineered Nanomaterials for Enhanced Antitumor and Antiviral
Effect
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The design and chemical synthesis of multifunctional nanomaterials have been providing potential
applications in biomedical fields such as molecular imaging and drug delivery. Recently, bio-derived
and/or synthetic nanostructured materials capable of modulating the immune system have been also issues
of interest in immunology-related nanomedicine fields. In this talk, the recent research results on the
development of nanostructured materials for enhanced immunity would be presented. In the first part, we
have designed and synthesized an immunomodulatory hybrid nanoconjugates (HNC) system based on
polymer nanocomposites containing quantum dots (QDs; as imaging tracers) that are decorated with CpG
ODNs (as a TLR9 ligand) and STAT3 siRNAs (as an immunosuppressive gene silencer). These HNC
efficiently targeted immune cells, induced TLR activation, and silenced immunosuppressive genes.
Simultaneous in vivo delivery of STAT3 siRNA and CpG ODN to dendritic cells (DCs) in the tumor
microenvironment induced both the inhibition of STAT3 and activation of DCs by CpG ODNSs, and
synergistically elicited anti-tumor effects. By using NIR-emitting QDs, the migration of in vivo DCs to
lymph nodes was also tracked by real-time NIR fluorescence imaging. In the second part, we focus on the
development of a nanodelivery system for the effective mucus delivery of a viral antigen that can induce
strong mucosal immunity without additional immunostimulatory adjuvant materials, such as alum,
emulsion, and cationic lipid. To accomplish this goal, we designed and synthesized a mucosal vaccine
delivery system based on biosynthetic mucoadhesive polymer nanomicelles. We have also tested the
adjuvant function of nanomicelles in the presence of an influenza A viral antigen, that is, the inactivated
virus of influenza A/PuertoRico/ 8/34 (PR8;H1N1). Intranasal immunization with PR8 in the presence of

nanomicelles induced high levels of functional antibodies and IFN-y producing cells, suggesting that our



nanomicelle system could function as an effective adjuvant for inducing both humoral and cellular

immune responses.
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NMR Investigation of Properties of Electrochemical Materials and
Fuel Cell Reactions
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Nuclear magnetic resonance (NMR) spectroscopic techniques can provide abundant information on a
given system. In this presentation, our NMR investigation on electrochemical systems such as fuel cells
(FCs) and batteries will be introduced as an example. For a FC system, electronic, chemical, and
structural changes of FC constituents during each FC assembly such as mixing catalysts with ionomers
and hot-pressing for membrane-electrode-assembly can be detected by NMR. Proton conduction and
water mobility through polymer electrolyte membranes can be observed by different MR techniques. In
addition, in situ observation of direct alcohol fuel cells (DAFCs) by NMR spectroscopy to detect the
functional difference of anode catalysts such as Pt and PtRu, and the analyses of the anode exhaust of
DAFC for quantitative correlation of the amount of electrical current generated to the quantities of each
chemical product are possible. If time permits, the Li+ ion mobility comparison of battery electrode

materials will be briefly discussed.
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Two-Dimensional Correlation Spectroscopy in Polymeric Materials
Characterization

4 gl

Vibrational spectroscopy plays an important role in polymer study. In addition, two-dimensional
correlation spectroscopy (2DCOS) provides better understanding of development of novel polymeric
materials and their applications. 2DCOS is how a well-established technique for interpreting spectral data
sets obtained during the measurement of spectra with an external perturbation that provides considerable
utility and benefit in various polymer studies. In this presentation, some of the exciting contributions of

2DCOS to polymer study will be introduced.
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Micellar structures of amphiphilic block copolymers in the selective
solvents
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Micellar structures of amphiphilic block copolymers in the selective solvents were studied using small
angle X-ray and neutron scatterings and generalized indirect Fourier transformation (GIFT) method.
Vesicular, cylindrical, and spherical micelles were controlled by the composition of the block copolymer
and the solvent selectivity. The systematic screen of the solvent selectivity was performed by changing
the mixing ratio of the two selective solvents and the solvent temperature. As the selectivity of solvent
increased, the shape of the micelle was changed from sphere, to cylinder, and finally to vesicle. The
mixing ratio and the temperature of solution could be parameterized into a Flory interaction parameter, c.
The discontinuous change of the solvent selectivity during heating was demonstrated at Tni with PS-b-

LCP and nematic liquid crystal solvent, 5CB.
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Characterization of Nanoscale Materials Using Small Angle Neutron
Scattering

Small angle neutron scattering (SANS) techniques have been a very powerful tool to study nanoscale (1-
100’s nm) bulk structures in various materials such as polymer, self-assembled materials, nano-porous
materials, magnetic materials, metal and ceramics. Furthermore, SANS is the most popular instrument
among cold neutron instruments. Therefore, in 2010, two SANS instruments (18m and 40m SANS) with
fairly good performance were constructed at HANARO cold neutron research facility and have been
opened to external users. Once it has been commissioned in 2010, two SANS instruments are providing
great opportunities as a key instrument for nanoscale materials research in Korea. In this talk, the
characterization of the nanoscale materials using SANS techniques will be briefly introduced with a few

examples including polymers.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t

4 Z<ICECO

WE S POLY1-6

1k 3% o} Recent Trends in Characterization of Polymers
LREFF AEAY, TEIA: H 1620, 2 G

FEL Applications on Nanostructured Materials
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Introduction to Wyatt Technology’s advanced Laser Light Scattering
photometers(Multiangle static and Dynamic Light Scattering) with
Size Exclusion Chromatography and Flow-field flow Fractionation

system

244

YT )5 o

1. SEC-MALS:

Not all macromolecules behave alike. Polymer samples may have a different conformation than
molecular standards or exhibited unexpected column interactions. As an absolute technique for
determining molar mass and rms radius Rg in solution, MALS overcomes the limitations of column
calibration. Multiangle Static Light Scattering (MALS) measures molar mass directly, independent of
elution time.

DAWN HELEOQOS : the most sensitive MALS available. Includes 18 angular detectors to determine molar
masses from 200 Da to 1 GDa and radii from 10-500 nm., heated /cooled option(-15C -+ 150C), and High
Temperature options ( to 210C ), miniDAWN, Optilab T-rEX, ViscoStar Il and WyattQELS.

2. FFF-MALS:

Field ?Flow Fractionation (FFF) is a versatile separation technique that overcomes many of the
limitations of analytical SEC. Combine with MALS and/or DLS for absolute molar mass and size
distributions of macromolecules and nanoparticles.

Available in two formats, Asymmetric flow field-flow Fractionation(AF4) and Hollow fiber flow field
flow Fractionation(HF5) provide numerous advantages over other separation techniques.: 1nmto 1 > um.

Eclipse DUALTEC and Eclispe AF4 systems.
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» Touch panel » NC Ink or Paste > Flexible OPVs

Highly conductive &
concentrated

> Flexible display and transistors
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Hybrid Nanosheets of Reduced Graphene Oxide and Transition Metal
Dichalcogenides
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The rapid progress in graphene research has led to intensive exploration of novel 2D materials. In
particular, transition metal chalcogenides, with their layered structures, have received significant attention
because they offer many opportunities for fundamental and technological research in a variety of fields,
including catalysis, energy storage, sensing, and electronic devices. In this talk, | demonstrate how to
prepare various transition metal chalcogenides/reduced graphene oxide (rGO) composites by a simple
hydrothermal method, for instance, VS4/rGO and WS2/rGO. In particular, an interesting thing is that VS4
was selectively synthesized on graphitic layer such as rGO. In the same experimental condition without
rGO, only VS2 was synthesized. Furthermore, | introduce that VS4/rGO and WS2/rGO can be promising

functional materials for Li storage and hydrogen evolution, respectively.
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Chemistry in the production of graphene nanoplatelets and their
catalytic applications

27
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During the last half decade, chemically modified graphene (CMG) has been studied in the wide range of

applications, such as polymer composites, energy-related materials, sensors, ‘paper’-like materials, field-

effect transistors (FET), inks, actuators, and biomedical applications due to its excellent electrical,

mechanical, and thermal properties. Chemical modification of graphene oxide, which is generated from

graphite oxide, which is produced by simple oxidation of graphite, has been a promising route to achieve

mass production of CMG platelets via their colloidal suspensions. Graphene oxide contains a range of

reactive oxygen functional groups, which renders it a good candidate for use in the aforementioned

applications (among others) through chemical functionalizations.In this presentation, | will discuss my

recent research activities on the fundamental chemistry of graphite oxide, as well as novel applications

based on CMGs. Topics will include the chemical structure of CMGs as well as catalytic applications.
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Synthesis of metallic nanoparticle supported on N-doped graphene
oxide and their catalytic ability to hydrogenation
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The implementation of sustainable hydrogen production and subsequent hydrogen conversion to energy is
called hydrogen economy. Hydrogen gas is generally formed by liquid fuel (alkane) oxidation at high
temperature and pressure but we have also limited fuel. In commercial carbonyl group hydrogenation
reaction is performing by the using hydrogen gas and Pd/C catalyst at high temperature and pressure.
Unfortunately, its physical properties make the transport and handling of hydrogen gas difficult. To
overcome this, formic acid can be used as material for the storage of hydrogen, because of it is a liquid at
room temperature contains ~4.38 percent hydrogen and also biomass material. However, the state of art
methods for production of hydrogen gas from formic acid and used this hydrogen for catalytic
hydrogenation of biomass material at low temperature and low pressure. Here we described an efficient
aqueous-phase formic acid dehydrogenation and hydrogenation for biofuel up gradation, which is
facilitated by the stable metallic nanoparticle supported N-doped graphene oxide catalyst. Excellent
catalytic results were achieved. This would make the selective hydrogenation of carbonyl compound at

very low temperature.



Figure 1: Schematic presentation for biofuel upgrade by using
catalyst road.
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The Unique Properties of Carbon Nano Composite Fibers for Energy
Applications
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Electrospinning is unique and productive process for preparation of the organic nano-size fibers providing
the properties of large specific surface area and good connectivities at relatively low volume fraction
which are applicable to filters and enthalpy wheel. Blend solution can be easily spun to develop the
functional properties of the composite fibers. The phase behavior of the blend solutions is controlling
factor of the precursor fiber structure and that follows the determination of the morphological structure of
the carbonized fibers. The morphological structure of the carbonized fibers derives the unique pore
structure and related electrical conductivity. The carbonized nano-fibers generated large specific surface
area form the shallow open pores on the nano-size fibers. The ultramicropores with specific
functionalities introduced not only the larger adsorption amount and but also the adsorbent selectivity.
The electrical conductivity was also dependent on the morphological structure and components; as pitch,
silicone oxide, graphene, carbon nanotube; in the carbonized fibers. The high specific surface area from
the ultamicropores and high electrical conductivity introduced elevations of power and energy densities of
the electrical double layer capacitor (EDLC) and the introductions of the polar functional group gave

further increases in the specific capacitance from the Faraday effect.
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Effects of thermal treatment on the structural and capacitive
properties of polyphenylsilane-derived porous carbon nanofibers
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Organic-inorganic hybrid composite carbon nanofibers (CCNFs) are prepared by one-step electrospinning
and subsequent thermal treatment using polyphenylsilane (PPS) as an inorganic precursor. We investigate
the structural properties and electrochemical behavior of these CCNF materials when applied as
supercapacitor electrodes as a function of the carbonization temperature ranging from 800 to 1000 ?C.
The introduction of PPS induces thermal stability for the organic-inorganic hybrid CCNFs via the
incorporation of a porous structure with stabilized functional structures such as silicon oxynitride
(SiOxNy) and silicon oxycarbide (SiOxCy). This phenomenon is attributed to the synergistic effect of
both the double-layer capacitance and the pseudo-capacitive effect induced by the porous carbon layer

and the some surface functionalities), thereby providing high charge capacity, power and energy density.
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Substitutionally Boron-Doped Single-Layer Graphene

The introduction of foreign atoms into the hexagonal network of a monolayer network of sp,-hybridized

carbon atoms, such as nitrogen, has been the hottest topic as an effective tool to tailor the intrinsic

properties of graphene. Here we, for the first time, report that boron atoms are substitutionally present

within graphene because boron is the neighboring to carbon atom in the periodic table. The amount of the

substitutional boron atoms in graphite was ca. 0.22 atomic % from X-ray photoelectron spectroscopy

whereas the boron atoms were substitutionally and spatially distributed in a single layer graphene with a

distance of 4.76 nm from Raman spectroscopy. We envisage that boron atom is a powerful route to

engineer the physical and chemical properties of graphene.
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Catalysts for the Oxygen Reduction Reaction

Nanostructured noble metals with unique physical and chemical properties have received considerable
interest in the recent years, not only for their fundamental scientific interest, but also for their specific
applications. Among the many different approaches to nanomaterials synthesis, controlling the size,
composition, shape and architecture are important key parameters in determining, revealing and
enhancing their functions and potential applications. Platinum and platinum-based catalysts have been
used extensively in a variety of fields, such as fuel cells and nonenzymatic sensors, etc. However, the
high cost of catalysts caused by the exclusive use of platinum catalysts in the fuel cells is one of the major
impediments to the popularization of these research areas. Over the past two decades, considerable
research efforts have been focused on the exploration of less expensive, more abundant non-platinum
catalysts that can offer acceptable performance. This talk will focus on our efforts to develop non-
platinum catalytic materials in the electrocatalysis of the oxygen reduction, and hydrogen peroxide,
known as an intermediate of oxygen reduction reaction, reduction/oxidation which is important in the
field of fuel cells and biosensors. In addition, we introduce hierarchically driven metal dioxide nanowires
directly on a platinum/carbon fiber microwire, which allows a simple fabrication of the amperometric
sensor. The nanostructured electrodes show a favorable electronic property desired for sensing of

hydrogen peroxide and NADH oxidation without having the enzymes.
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Nanocarbon-Polymer Nanocomposites and Application: Use of
Individually Dispersed and Functionalized CNTs and Graphene

e howall
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Nanocarbon (CNT,Graphene, Fullerene etc.)-based materials have attracted much attention due to their

significant role in the development of new advanced materials. In spite of many advantages such as the

high mechanical, electrical, and thermal properties of nanocarbons, their homogeneous dispersion in a

polymer matrix has been a problem in obtaining high performance nanocomposites because of strong

interfacial interactions between nanocarbons. The choice and control of tailored functionalization sites

due to chemical modification of CNTs or graphenes are important to achieve high performance properties

in the polymer nanocomposites. There have been several reports on the functionalization of nanocarbons

including defect functionalization, covalent functionalization and noncovalent functionalization. In this

talk, the effective preparation methods of Nanocarbons-polymer nanocomposites are focused with some

applications for polymer actuators.Acknowledgments:This work was supported by the KIST Institutional

Program (2203870 and 2E23640).
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Chemical Tools and Tactics to Study the Role of Metal-Associated
Proteins in Alzheimer's Disease
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Neurodegenerative disorders impose an enormous financial and emotional burden on patients, their
families, and communities. More than 24 million people worldwide have Alzheimer’s disease (AD), a
devastating and fatal neurodegenerative disease that remains poorly treated due to an incomplete grasp on
the disease etiology. A key neuropathological hallmark of AD is amyloid-B (AB) plaques in the brain. The
mechanisms driving formation of these protein aggregates and their causal link to dementia are still
unclear. An additional observation in the AD brain is the accumulation of metal ions, which has been
proposed to be associated with AP aggregates and neuronal death, yet relatively little is known, further
sustaining the controversy surrounding this aspect of the disease. Even through a large body of
continuously reported literature regarding metal ions and AP species, direct connection of metal-Af
interaction with AD onset and development has been neglected in this field due to lack of appropriate
tools and/or tactics. Therefore, we have developed chemical tools and/or tactics that are capable of
specifically targeting metal-associated AP species and modulating their interaction and reactivity. Using
our chemical reagents, we have been able to regulate metal-induced AP aggregation and neurotoxicity in
vitro and in living cells. Here, our rational structure-based design principle and recent findings for
chemical tools and tactics for investigating metal-AB chemistry and biology in AD and/or potential

therapeutic agents for AD will be discussed.
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Reactivity comparison of nickel(ll)-superoxo and nickel(111)-peroxo
complexes
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Mononuclear metal-dioxygen adducts, such as metal-superoxo and -peroxo species, are generated as key
intermediates in the catalytic cycles of dioxygen activation by heme and non-heme metalloenzymes. We
have shown recently that the geometric and electronic structure of the Ni-O, core in [Ni(O,)(n-TMC)]" (n
=12 and 14) varies depending on the ring size of the supporting TMC ligands. In this study, mononuclear
Ni(ll)-superoxo and Ni(lll)-peroxo complexes bearing a common macrocylic TMC ligand, such as
[Ni'(0,)(13-TMC)]* and [Ni"'(0,)(13-TMC)]*, were synthesized in the reactions of [Ni<supll(13-
TMC)(CHsCN)]** and H,0, in the presence of tetramethylammonium hydroxide (TMAH) and
triethylamine (TEA), respectively. The Ni(ll)-superoxo and Ni(lll)-peroxo complexes bearing the
common 13-TMC ligand were successfully characterized by various spectroscopic methods, X-ray
crystallography, and DFT calculations. Based on the combined experimental and theoretical studies, we
conclude that the superoxo ligand in [Ni"(13-TMC)(O,)]" is bound in an end-on fashion to the nickel(I1)
center, whereas the peroxo ligand in [Ni"'(13-TMC)(O,)]" is bound in a side-on fashion to the nickel(l11)
center. Reactivity studies performed with the Ni(ll)-superoxo and Ni(lll)-peroxo complexes toward
organic substrates reveal that the former possesses an electrophilic character, whereas the latter is an

active oxidant in nucleophilic reaction.
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How does iron coordination affect the function of zinc finger proteins?
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Zinc finger proteins use zinc as a structural co-factor to function, typically by binding to nucleic acids
with sequence specificity. Although zinc is typically thought to be the physiologically relevant metal ion
for zinc finger protein function there is evidence that other metal ions, including iron, may replace zinc
under certain conditions. Studies on iron binding to two zinc finger proteins, Tristetraprolin (TTP) and
ZIF-268 will be presented. TTP has two zinc binding domains each of which is composed of three
cysteine residues and one histidine residue (Cys3His) that bind zinc. TTP is an RNA binding protein that
regulates inflammatory response. Peptides corresponding to the zinc binding domains were prepared and
their metal binding and RNA binding properties in the presence of iron were determined using a
combination of UV-visible spectroscopy and Fluorescence Anisotropy. These studies demonstrated that
both ferric and ferrous iron can substitute for zinc in TTP and still remain functional: i.e. bind to RNA
with sequence selectivity and specificity. We then developed a spectroscopic assay to measure the
oxidative susceptibility of the iron substituted TTP peptides and determined that iron substitution
increases the rate of oxidation of the peptides compared to zinc. ZIF-268 is a classical zinc finger protein
that contains three zinc-binding domains of the form Cys2His2. A peptide corresponding to the zinc-
binding domain of ZIF-268 was prepared and its metal and DNA binding properties determined. As with
TTP, iron can substitute for zinc in ZIF-268 and the protein retains functional. These results as well as

studies on the oxidative susceptibility of iron substituted ZIF-268 will be presented.
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Late-Stage Fluorination for Positron Emission Tomography (PET)
o] 24l Jacob M. Hooker" Tobias Ritter®”

¥ g 387 'Athinoula A.Martinos Center for Biomedical Imaging, Massachusetts General
Hospital and Harvard Medical School, Charlestown,MA 02129, United States “Department of Chemistry
and Chemical Biology, Harvard University, 12 Oxford Street, Cambridge, Massachusetts 02138, United

States

Positron emission tomography (PET) is a non-invasive and powerful imaging technique to probe
biological processes in vivo and requires synthesis of PET tracers which contain positron-emitting
isotopes, such as 11C, 13N, 150, and 18F. Among them, the 18F isotope is used most widely in clinical
PET applications due to its longer half-life of 110 minutes, which allows synthesis and distribution of
radiotracers for PET imaging.However, C-F bond formation is challenging, especially with 18F. Here we
present practical late-stage fluorination reactions with high-specific activity 18F fluoride to make aryl and
alkenyl fluorides from organometallic palladium and nickel complexes. The late-stage fluorination
reactions enable the synthesis of conventionally unavailable positron emission tomography (PET) tracers
for anticipated applications in pharmaceutical development as well as pre-clinical and clinical PET

imaging.
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Responsive Multi-Domain Free-Standing Films of Gold Nanoparticles
Assembled by DNA-Directed Layer-by-Layer Approach

vl A" Zaki G. Estephan® Zhaoxia Qian' Daeyeon Lee' John C. Crocker®

o] s}oj xf o Skl 3} 8F1} 4=} 8} *University of Pennsylvania, USA

Responsive free standing films of gold nanoparticles are fabricated by a new approach combining the
programmable DNA-directed self-assembly and the layer-by-layer (LbL) thin film fabrication technique.
This approach allows for the assembly of multi-domain nanoparticle films with each domain possessing
distinct properties in response to external stimuli, which is essential for the formation of dynamic
nanostructures. Large area free standing films of DNA-modified gold particles are fabricated by the
selective melting of a sacrificial nanoparticle domain, taking advantage of the unique sharp melting
transition of DNA-modified gold nanoparticles. Furthermore, we show that released multi-domain films
can be designed to further split into multiple intact daughter films in a precisely controlled manner,
demonstrating that this new approach provides a powerful means to fabricate free standing nanoparticle

films that are capable of programmable shape transformation.
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Morphology Control of Porous Materials for Selective Adsorption and
Size-selective Separation: Key Components for Bio-refinery Processes

For the production of fuels and chemicals, plant biomass is the only sustainable resource which can
substitute the use of petroleum sources. In this respect, lignocellulose decomposition to monomeric sugars,
control of the isomerization and catalysis of sugars and biomass derivatives, and energy-efficient
selective separations have challenged the commercial realization of processes that can generate liquid
fuels and chemicals.Porous materials with various sizes from sub-nanometer to several tens of nanometer
and compositions have been used as a sorbent, separation membrane, catalyst as well as a template for
hierarchical/multifunctional materials. For advanced applications of porous materials, the morphology
control (implying surface texture, size and shape as well as growth mechanism) of porous materials is
desired. In this seminar, various approaches to control the morphologies of porous materials (carbon,
silica, zeolite, titania etc.) will be introduced. Surfactant-induced re-assembly via micelle formation with
dissolved species was used to understand and create the extra porosities on the silica and zeolite (MFI)
materials. Confined syntheses of zeolite and titania materials using hard templates (carbon and silica)
were applied to control the morphology. In addition, a nanocasting method for fabricating mesoporous
carbon materials from a silica template was carried out.The designed porous materials were implemented

for their intrinsic applications such as selective adsorption and size selective separation.
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There has been a surge of interest in the chemistry of low-valent, redox-active complexes of the mid-to-
late first ?row transition metals in recent years. This interest has been in part motivated by a desire to
generate species that feature uncommon metal-to-ligand multiply bonded species such as oxo, imide,
carbyne and nitride via partial or complete group transfer. Particular study of such species will be
presented to show their respective roles in small-molecule transformations that include, carbon dioxide
transformation for CODH chemistry and CO reduction as a key step for Fisher-Tropsch synthesis. To test
the validity of hypotheses concerning nickel’s direct role in the stepwise reduction of CO2 and CO, nickel
model systems are needed. Such systems can test the chemical compatibility of nickel with various
proposed intermediates, and the reactivity patterns of such species. A square planar (PNP)Ni-L scaffold
(PNP = N[2-P(CHMe2)-4-methylphenyl]2) where the L site is occupied by ligands such as CO, OCHO,
CO2 and COOR will be described. The systems accommodating terminally bound CO in the three formal

oxidation states (nickel(0), +1, and +2) and their reactivity toward CO2 will be illustrated.
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Photochemical Reduction of Proton and Nicotinamide Cofactor Using
Metal Complexes/Nanoparticles
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As fossil fuels are gradually decreasing, the replacement of fossil fuels by sustainable energies is greatly
required. To avoid the negative environmental impact of greenhouse gases, hydrogen has attracted
increasing attention as an alternative energy resource. An organometallic rhodium complex has been
frequently employed as an efficient catalyst for hydride transfer during chemical and electrochemical
formation of NADH to selectively reduce NAD+. Several electrochemical NADH regeneration systems
have been reported using Rh catalysts to study electron transfer phenomena. Here, we present a novel,
simple system that employs only Pt nanoparticles (PtNPs) for the efficient photochemical generation of
NADH. This system first demonstrated that PtNPs can be used in the visible light-driven photogeneration
of NADH without an additional chromophore in the presence of a sacrificial electron donor, and can
directly perform the catalysis of the NAD+ reduction in the absence of another homogeneous heavy-metal
catalyst in agueous media. A visible light-driven photocatalytic system for the generation of NADH from
aqueous protons was examined using molecular cobaloxime catalyst. Introduction of an electron-donating
or electron-withdrawing substituent in the para position of the pyridine changed the rate constant and
affected the conversion efficiency. In addition, the reduction of CO2 was carried out in the presence of
formate dehydrogenase using the NADH photochemically generated using cobaloxime. Bulk electrolysis
of NAD+ carried out with a Rh catalyst in the absence and presence of platinum nanoparticles (PtNPs)
generates enzymatically active 1,4-NADH. An efficient catalyst for the selective decomposition of formic

acid in aqueous solution yielded hydrogen and carbon dioxide.
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Mimicking Active Sites of O, Activating Metalloenzymes for
Mechanistic Insights
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Oxygen-coordinating metal intermediates, such as metal?superoxo, ?peroxo, ?hydroperoxo, and ?0xo
species, are frequently invoked as plausible oxidants in the oxidation of organic substrates. In biomimetic
studies, iron(l11)?superoxo species have been proposed as a potent oxidant in the C-H bond activation of
hydrocarbons by mononuclear nonheme iron(ll) complexes. An iron(l11)?superoxo intermediate is also
proposed as an active oxidant that attacks the sulfur atom of the ligand with the terminal oxygen atom of
the superoxo group, followed by the O-O bond cleavage to form an iron(I\V)?oxo species. In the case of
copper(ll)?superoxo species, a number of synthetic copper(ll)?superoxo complexes have shown
reactivities in ligand oxidation and the oxidation of organic compounds with weak C-H, O-H, and N-H
bonds. In this presentation, we have shown the first structurally characterized end-on chromium(lll)-
superoxo complex, [Cr(O,)(TMC)(CD]" (TMC = 1,4,8,11-tetramethyl-1,4,8,11-tetraazacyclotetradecane),
which was synthesized by reacting [Cr(TMC)(CI)]" with O,. The Cr(lll)-superoxo intermediate has
shown reactivities in C-H cleavage of alkylaromatics via an H-atom abstraction mechanism. In addition,
we report that [Cr(O,)(TMC)(CI)]" is able to transfer its oxygen atom to organic substrates (e.g., PPh; and
sulfides), vyielding the corresponding oxygenated products and a chromium(IV)?oxo complex,
[Cr(O)(TMC)(CD)]". An electrophilic character of [Cr(O,)(TMC)(CI]* is also demonstrated in the

oxidation of para-substituted thioanisoles.
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Recent novel cysteine and Fenton chemistry probing systems towards
addressing molecular aspects in neurodegenerative disease research

D.G.Churchill
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Our laboratory is engaged in designhing and uncovering new modalities in small molecules for selective
molecular recognition and chemosensing (molecular probes). While this area is often explored by
analytical, biological, and organic chemists, many molecules we have studied involve metal ions or
heavier main group atoms as analytes or part of a sensing ensemble; therefore, the tenets of coordination
chemistry and main group chemistry are very much relevant. Small fluorogenic molecules and sites for
metal ion chelation / substrate reactivity can allow for optimal selectivity, reversibility, etc. While there is
still no perfectly operating molecular probe, we can find ways to optimize certain sensor characteristics
while still thinking in “small molecule” terms. There are also opportunities to involve more than one
analyte. In this talk, recent pursuits in selective cysteine (Cys) and Fenton chemistry probing (Fe2+/Fe3+)
will be presented. The fluorogenic systems were typically studied in live neuronal cells to help address
relevance of these molecular aspects to neurodegenerative disease research. Finally, the optical signal
patterns based on the chemical input can be interpreted in “logic gating” patterns in both cuvettes and

neuronal cells.
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Cyclometalated Ir(111) Complexes for Phosphorescence Sensing of
Biological Metals

Phosphorescent sensors are useful alternatives to the conventional probes relying on fluorescence because

the phosphorescence signaling can eliminate background noises through time-gated acquisition. We have

developed phosphorescent sensors based on cyclometalated Ir(111) complexes. The constructs contained

two or three cyclometalating (C~N) ligands, and the electron densities and bandgap energies of the

ligands were systematically controlled. We incorporated a metal-chelating di(2-picolyl)amino receptor to

the Ir(111) complexes to create Zn(l1) sensors. We observed phosphorescence turn-on responses to labile

Zn(11) ions, which were attributed to the effective suppression of photoinduced electron transfer. The

photophysical mechanism strictly adhered to the Rhem-Weller principle. Utility of the phosphorescence

signaling was further extended for the creation of phosphorescence ratiometric sensors of redox-active

biometals, such as Cu(ll) ions and Cr(l1l) ions.

Zn(ll) lon Sensors ‘ ‘ Cu(ll) lon Sensor ‘ Cr(lll) lon Sensor |
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Fast and accurate electronic structure methods for intermolecular

interactions

John Herbert

Ohio State University, USA

Accurate calculation of non-covalent interactions is a challenging problem for ab initio quantum

chemistry. Density-functional methods often fail badly at describing van der Waals interactions, and wave

function methods require high level of electron correlation and large basis sets, both of which quickly

become intractable for large molecules or for clusters of polar molecules where many-body polarization

effects are important. | will describe several new theoretical methods aimed at surmounting these

challenges. By means of monomer-based calculations, we achieve sub-kcal/mol accuracy in binding

energies (based on comparison to high-level benchmarks), at a cost lower than that required to perform

density functional theory on the entire non-covalent assembly of molecules.
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A Mechanistic Study for Peptide Bond Formation on the Ribosome

&4 71
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Peptide bond formation is one of fundamental reactions in biology, which is catalyzed by the ribosome
within the peptidyl transferase (PT) center of its large subunit. Although there has been considerable
progress in the mechanistic study of the PT reaction, the detailed pathway is still unclear. We report the
feasible pathways of the quaternary model system for the ribosome-catalyzed PT reaction obtained by
density functional calculations. Our results indicate that the step from the reactant complex to the first six-
membered TS involving a proton shuttle via the 2'-OH of the P-site A76 in the stepwise pathway is the
most favored rate-limiting in solution. It is found that the C-O3' bond-breaking of A76 is not significant
but the C-N bond formation with a tetrahedral intermediate occurs in the rate-limiting step and that the
fast breakdown of the C-O3' bond is followed in the second transition state. These are consistent with

recent kinetic experiments.
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DFT studies on the intramolecular magnetic couplings of organic
diradicals

DFT calculations often overestimate the magnetic coupling constant (J) of diradicals when compared with
experimental values. | would like to introduce a couple of ways to obtain reliable magnetic coupling
constants. Recently, we proposed a way of standardization of radicals which induce ferromagnetic or
antiferromagnetic coupling through four different couplers. Based on our strategy, a new series of neutral
radicals based on diazaphenalenyl were designed via heteroatomic modifications. We divided eight
monoradicals into a-group and -group according to Mulliken spin density values of the connected atoms.
The overall trends in the strength of magnetic interactions of diradicals were found to be identical in three
different model systems.The diradicals with para-substituted phenyl acetylene coupler resulted in almost
twice stronger intramolecular magnetic coupling interactions of the corresponding diradicals as compared
to the meta-substituted one with opposite magnetism. NN-Ethylene-PO (nitronyl nitroxide radical
coupled to phenoxyl radical via ethylene coupler) was calculated to have the strongest magnetic coupling
constant with ferromagnetism, and to be even stronger (more than twice) than NN-ethylene-NN (nitronyl
nitroxide diradical with ethylene coupler), which was reported to have strong antiferromagnetic
interactions in a previous experiment. In addition, for diradicals tested, a remarkable linear relationship
between the calculated and experimental J values was found. We suggest that the slope (0.380) of the
linear relationship can be utilized as a scaling factor for estimating J values. By applying this scaling
factor and calculating J values, we could predict the reliable J values of four dithiadiazolyl (DTDA)

diradicals coupled with an aromatic ring.
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QM/EFP and QM/MM-MD Methods for Condensed Phase
Dynamics(A New Way of Quantum Mechanical Molecular Dynamics)

A new way of quantum mechanical molecular dynamics study has been recently developed by integrating
QM methods and Effective Fragment Potentials(EFP)[1] as well as classical force fields. The
applicability of the hybrid QM/EFP1 to a long-time MD simulation of chemical reaction in aqueous
solution has been recently examined[2], where it was demonstrated that the QM/EFP-MD yields accurate
free energy change and barrier associated with the zwitterion to neutral tautomerization of glycine in
aqueous solution. The same approach has been also successfully utilized for NaCl association/dissociation
dynamics[3], hydrophobic association of methanol dimer[4], and anharmonic vibrational properties[5] in
aqueous solutions. A REMD (Replica-Exchange MD) version of QM/MM and QM/EFP has also been
established using GDDI(Group Distributed Data Interface) technology.[6] In this talk, we introduce our
hybrid QM/EFP and QM/MM Molecular Dynamics (MD) techniques as implemented in
GAMESS.References:(1)Day, P. N.; Jensen, J. H.; Gordon, M. S.; Webb, S. P.; Stevens, W. J.; Krauss,
M.; Garmer, D.; Basch, H.; Cohen, D. J Chem Phys 1996, 105, 1968.(2)Choi, C. H.; Re, S.; Feig, M;
Sugita, Y. Chemical Physics Letters 2012, 539-540, 218?221.(3)Ghosh, M. K.; Re, S.; Feig, M.; Sugita,
Y.; Choi, C. H. J Phys Chem B 2013, 117, 2897295.(4)Ghosh, M. K.; Uddin, N.; Choi, C. H. J Phys
Chem B 2012, 116, 14254?14260.(5)Ghosh, M. K.; Lee, J.; Choi, C. H.; Cho, M. J Phys Chem A 2012,
116, 8965?8971.(6)Fedorov, D. G.; Sugita, Y.; Choi, C. H. J Phys Chem B 2013, 117, 7996?8002.
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Space-time phase transitions in the trajectory space of glassy systems

The glass transition is a phenomenon that a liquid freezes to an amorphous phase showing abnormally
slow dynamics. Although glassy materials are well characterized by a number of experiments, the
existence of actual phase transition is not yet verified. However, recently, a numerical first-order
dynamical phase transition in the trajectory space has been reported. The dynamical phase transition is
controlled by variables that bias the trajectory of a system to make it out of equilibrium state. In this study,
we applied the above method, called an s-ensemble method to kinetically constrained models with
additional short-ranged attractive interactions. We report that the first order phase transition in the
trajectory space is observed in these models. We also discuss how the additional attractive interactions

affect the dynamic heterogeneity of the system by varying the bias variable.
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Wetting and Drying Transitions of Water Confined between
Hydrophobic Pillars

The phase behavior of the water confined between hydrophobic pillars was studied by using a

thermodynamic theory and a molecular Monte Carlo simulation. The drying transition of water with

decreasing spacing between pillars is related to the Wenzel (WZ) to Cassie-Baxter (CB) transition of

droplet. The intermediate states between the WZ and CB states are revealed in our simulation. We also

examine the sturcture of the confined liquid water. By including the line tension, the present theory agrees

with both experiments and the atomistic MD simulations.

Wenzel (WZ) state Cassie-Baxter (CB) state
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Got excited? Get Relaxed!

ol g%l

|
ot
of
)
Saj
&
&
B
&
)

Following the dynamics of various molecular systems after their electronic excitations has served as a
grand challenge in physical chemistry for many decades. Here, we will discuss our recent efforts in
advancing methodologies for studying electronically excited molecules, with a focus on their applicability
toward large and complex systems. We first show how a semiclassical approach can be applied to
studying the excitation energy transfer dynamics of a relatively large photosynthetic complex, even with a
simple potential energy model for the complex. Both of its promising and devastating aspects are
discussed, with some prospects for its future developments. We then move on to the way of constructing
more delicate potential models, which are essential for studying wider range of complex systems. Results
of nonadiabatic dynamics simulations based on these models are presented as a demonstration of its

applicability and reliability.
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Mapping magnetic fields using a radical pair reaction
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I used a fluorescent chemical indicator of magnetic field to visualize the magnetic field around
ferromagnetic structures. The indicator was a chain-linked electron donor-acceptor molecule,
phenanthrene-(CH,)1,-O-(CH,),-dimethylaniline, that forms spin-correlated radical pairs upon
photoexcitation. The magnetic field altered the coherent spin dynamics, yielding an 80% increase in
exciplex fluorescence in a 0.1 T magnetic field. The magnetic field distributions were quantified to

precision of 1.8 X 10 * T by image analysis and agreed with finite-element nanomagnetic simulations.
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Interference methods in chiroptical spectroscopy

Molecular chirality plays an important role in many chemical and biological processes including

asymmetric synthesis, enzyme catalysis, ligand binding to biomolecules. Naturally, its characterization is

essential for understanding their functions and mechanisms. However, optical activity resulting from the

differential interaction of chiral molecule with left- and right-circularly polarized light is a very weak

effect by which further applications are limited. Signal amplification in chiroptical spectroscopy is a

necessary step to implement time-resolved chiroptical experiments which requires high sensitivity.

Recently, interference methods have been developed to enhance chiroptical signals by properly

controlling polarization states and designing detection scheme. Here, basic concepts and experimental

details of these techniques are presented and future applications are also introduced and discussed.
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Fabrication of Nanodevices of Photocatalytic Nanoparticles for
Artificial Photosynthesis

o

A golsr 255

In this talk, the basic concept and fabrication technology for the nanodevices for artificial photosynthesis
was introduced. Based on the synthesis and alignment of the nanoparticles and nano-sized monolayers of
photocatalytic materials, vectorial electron transport from the higher conduction band energy to lower
conduction band energy could be accelerated by suppressing the defect and optimizing the electron
transport distance and diffusion capacity. The fabrication of the photocatalysts was done to get the largest
exposed surface area of the most photoactive facets for TiO2, Cu20, Fe203 and ZnO. Especially, ?-
Fe203 monolayer fabrication of visible light sensitive layer on FTO and the measurement of the
photocurrent density are the basic approach for the artificial photosynthesis through water splitting and
CO2 reduction. For the efficient electron transport through the TiO2 nanotubes, SrTiO3, Fe203, Cu20
were doped into the pores of the TiO2 nanotubes and photocurrent was measured.1.Chang Woo Kim,
Jong Hwa Sohn, a Hyun Gil Cha,a Do Kyoung Kim a and Young Soo Kang, Fabrication of Hollow Metal
Oxide Nanocrystals by Etching Cuprous Oxide with Metal (I1) lons : Approach to the Essential Driving
Force Nanosclae. 2013, 0000 (in press)2.Hyun Gil Cha,t Jieun Song,t Kyu Joon Lee,f Hyun Sung
Kimt,*, Myung Hwa Jung,f Woonsup Shin,t Kyung Byung Yoon,T Young Soo Kangt,* Simple
Fabrication of (012) Plane Oriented Continuous o-Fe203 Film : Secondary Growth of Nanocrystal
Monolayer J. Am. Chem. Soc. 2013, 0000. (submitted)3. Long Quoc Pham, Jin you Zheng, Hyungil Cha
and Young Soo Kang*, Facile method to improve photoelectrochemical properties of CdS/ZnO nanorod
arrays with CdO layer, J. Mater. Chem.C 2013, 0000 (in press)4.Chang Woo Kim, Minhyuk Kang,
Bongjin Moon, Jin Heung Kim and Young Soo Kang, Manganese Doped Highly Ordered Mesoporous
Silicate Structure with High Efficiency of Oxidation Suppression Function Chem. Eur. J. 2013, 19,



135.5.Chang Woo Kim, Young Hwan Kim and Young Soo Kang, Facile Synthesis and Magnetic Phase
Transformation of Ln-TM-B Nanoclusters by Oxygen Bridging J. Material Chemistry C 2013, 1, 275
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Supra- Quantum Dots
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‘Bottom-up’ assembly of small building blocks such as atoms, molecules and nanoparticles into
hierarchically organized structures can be ubiquitously found in nature. The building blocks can be
designed with a precision that cannot be achieved by current lithographic techniques. Colloidal quantum
dots (QDs) can be tailored by the size and shape typically in a few nm size regime, and they can be also
assembled into three-dimensional superlattices of artificial metamaterials. Herein we intend to introduce
unique structure of colloidal nanocluster which is composed by three dimensionally self-assembled QDs.
Because of the similarity with supramolecule formation, we name the cluster as ‘supra- quantum dot
(SQD)’. Slightly truncated zinc-blende QDs of a few nm in size can self-assemble into a relatively
uniform size cluster of tens of nm via oriented attachment growth process which is often found in
biomineralizations. The clusters evolve into larger clusters via a few discrete stages because of the
topological uniqueness of its space filling incapability, and finally become nearly spherical SQDs of
typically ~100 nm in size. SQDs can be obtained with near monodispersity and can form superlattices
of SQDs. SQDs have excellent colloidal properties allowing precipitation-based size selection, surface
ligand exchange, and cation exchange process. As the result, uniquely structured SQDs of desired
composition can be dispersed in any medium. For example, SQDs can be applied for photovoltaic devices

for enhanced exciton migrations and carrier extractions.
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Spatially-resolved chemistry at molecular junctions: the atomic scale
study with a scanning tunneling microscope

The scanning tunneling microscope (STM) is an ideal tool for probing and control of chemical reactions
at the spatial limit of individual atoms and molecules. The ability to visualize single molecules at the sub-
? scale and control energy of tunneling electrons in the STM junction can be used to understand and
manipulate single molecules. Furthermore, investigation of single molecular vibrations by STM inelastic
electron tunneling spectroscopy (STM-IETS) provides a way to understand the chemical bond and
characteristics of individual atoms and molecules. In this talk | will present several examples of surface
chemical reactions studied using STM and STM-IETS. Firstly | will show that tunneling electrons in the
STM junction are used to induce the local and nonlocal dissociation of O2 molecules adsorbed on
Ag(110) surface at 13 K. Tunneling of charge carriers from the STM tip into the O2 causes dissociation
of the molecule, giving rise to two adsorbed O atoms separated in different direction. Secondly the
reaction characteristics of (R,R)-2,3-butanediol and R (and S)-1,3-propanediol molecules on a Si(001)-
2x1 surface will be presented. Thirdly I will talk about the ability to obtain vibrational characteristics of
single CO molecule on the STM tip, which makes it possible to study the effect of electric field on the
vibration of single molecules in an STM junction. The electric field modifies the binding characteristics
of CO on silver as a result of a change in the charged states of the species, which leads to an increase (or a
decrease) of the energies of the hindered rotation and the C-O stretch on silver. The chemical shift of
vibration energy of CO varies with the charge states of adsorbate where the CO-terminated STM tip is

placed.
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Advanced Separation of Structural Isomers in the Gas Phase using lon
Mobility Spectrometry (Plasma Chromatography)

Az
EG I 55}

lon mobility spectrometry (IMS), or used to be called as plasma chromatography, has been grown from
atomic species for fundamental physical studies to nano-scale materials due to its unlimited detection size
range. The development of electrospray ionization (ESI) has further expanded the application of IMS to
the investigation of structural isomers and isobaric molecules of nonvolatile biomolecules in the gas
phase combined with mass spectrometry (MS). ESI, which is a soft ionization method, transfers samples
intact from the solution phase to the gas phase. Using this distinctive advantage of ESI, the shapes and
sizes of various biomolecular ions from monomeric molecules to macro size complexes have been
investigated. In this presentation, fundamental and applied studies of structural dynamics using IMS will
be introduced. For example, correlation between van der Waals interaction and collision cross section
values of molecules with various sizes will be introduced. Then, its unique applications to isolate and

separate structural isomers will be further introduced.
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Comprehensive 2-dimensional Gas Chromatography for High
Resolution Analysis

Mikiko Asakawa

SHIMADZU Corporation

Comprehensive 2-dimensional Gas Chromatography, called “GCxGC” is the latest separation technology

with capillary gas chromatography.GCxGC is applicable to various fields, including analysis of complex

matrices such as Petrochemical, food, flavor, Fragrance and Environmental samples.GCxGC uses two

columns having different separation characteristics (non-polar and polar columns). These columns are

connected in series via a modulator having trap and release function.As all of peaks eluting from first

column can be separated by second column having different polarity once more, the separation capability

of GCxGC becomes very high.It is an extremely effective system for analysis which requires higher

separation of target substance in complex matrices.GCxGC covers many kinds of applications and realize

a high resolution analysis which is difficult with ordinary capillary column system.
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DNA Damage Analysis on Single Molecules
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Single molecule approaches are revolutionizing biochemical analysis because

they pinpoint

measurements to individual molecules in place of bulk assays, thereby engendering new molecular

insights. Moreover, the capability of providing individual information makes single DNA molecule

approaches useful for stochastic event analysis. For example, ultraviolet (UV) induced DNA damage is a

stochastic event as well as a biologically important issue. Thus, here we present a single DNA molecule

approach how to visualize UV-induced DNA damages such as double strand breaks (DSB) and single

strand breaks (SSB) on DNA molecular backbones. Our molecular observations provide a map of DNA

radiation-mediated breakages, revealing the sequence dependency of DNA damages rather than random

occurrences. Consequently, our single molecule observations, along with simple genome analysis, imply

that essential genes in bacteriophage may have a tolerance to UV irradiation.
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Application of Metabolomics to High Resolution Phenotype Analysis

Eiichiro Fukuzaki

Osaka University

Metabolomics is applicable without genome sequence information. Therefore, Metabolomics would be
powerful analytical tool for commercially available plant and microorganisms. According to the above
context, Metabolomics means exhaustive relationship analysis between 'data matrix of metabolic profile'
and ‘data matrix of performance of samples' Among those operation of Metabolomics, metabolic
fingerprinting, in which metabolic profile is used as fingerprint for samples' performance prediction and
classification, is one of the most important application of Metabolomics. On this occasion, practical
operation of Metabolomics for high resolution phenotype analysis would be presented. To reveal a power
of Metabolomics, a possibility of Metabolomics based prediction of "Life span®, which is highly
integrated and complicated quantitative phenotype, was studied to find strong relationship between
metabolome and lifespan by means of PCA. Orthogonal projection on latent structure (OPLS) based
model can predict yeast life span using metabolome as fingerprint. Using information of principal
component vector in PCA life span related metabolites were nominated and life span related genes were
speculated. The result imply Metabolomics would be applicable for high resolution analysis of a
complicated quantitative phenotype, and metabolome information might be useful for strategic

enhancement of useful quantitative phenotype for biomass production.
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Lab-on-a-disc for Analytical Chemistry
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We present a novel fully integrated centrifugal microfluidic device, “Lab-on-a-disc”, for various kinds of
applications in analytical chemistry. In biomedical applications, a bead-based enzyme-linked immune-
sorbent assay was fully integrated on a disc starting from whole blood for the analysis of multiple protein
biomarkers for cardiovascular diseases [1]. The detection sensitivity could be enhanced significantly by
using electrochemical detection on a spinning disc and employing nanomaterials such as electrospun
nanofibers [2]. In molecular diagnostics, pathogen specific DNA could be extracted from whole blood on
a disc within 12 minutes [3] and for the food safety application, a further research fully integrated all the
process for Salmonella detection from the milk within 30 minutes by using an isothermal DNA
amplification method, Recombinase Polymerase Amplification. Lab-on-a-disc was also employed to
automate solid phase extraction of caffeine from real beverages such as a coffee or a soft drink for the
guantitative analysis of caffeine concentration [4]. The “Lab-on-a-disc” technology is advantageous
because of the capability to integrate and automate all the process into a disc-shaped device with simple,
size-reduced, and cost-efficient instrumentation. Integration with microfluidic technology allows more
precise control of fluids while also reducing the reagent consumption, the required analysis time and
handling errors. We believe these approaches will not only improve the performance of the target analysis
but also potentially have great impact on global healthcare.References[1] J. Park et al. Anal. Chem., 84,
2133, 2012[2] T. Kim et al, Lab Chip, 13, 3747, 2013[3] Y. Cho et al., Lab Chip, 7, 565, 2007[4] W. Xu
et al., Scientific Reports, 3, 2255
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Separation Analysis Technology Using Supercritical Fluid
Chromatography

Yoshiteru Horikawa

JASCO Corporation

Supercritical Fluid Chromatography (SFC) offers high speed analysis due to high diffusivity of solutes in
the low-viscosity supercritical mobile phase. Generally, the separation mode in SFC is regarded as normal
phase with a combination of non-polar CO, mobile phase and polar stationary phase. Therefore,
separation of water-soluble polar compounds is considered to be difficult to separate by using SFC.
However, the elution and peak shapes of polar compounds can be improved by adding a small amount of
acid, base, volatile salt and ion pair reagent to the modifier solvent such as alcohol. Supercritical carbon
dioxide evaporates when it is released in the air. This takes the advantage of easy solvent removing for
fractionation.SFC has become popular for separation and fractionation of chiral substances. The screening
method, which comprehensively analyzes the interests by the combinations of various solvents and
columns, has been used to achieve a suitable separation of chiral substances. We demonstrate the rapid
screening of several chiral medicines. It took only 6 hours to search a suitable separation.In chiral
preparative SFC, samples are often over-loaded and it is difficult to determine when to start and end
fractionation from Ultra Violet (UV) chromatographic data. A Circular dichroism (CD) detector can
differentiates enantiomers and generate positive/negative chromatographic peaks. In addition, CD
detector can simultaneously generate CD, UV and g-factor signals. The g-factor is a signal defined as
CD/UV whose level is independent of the peak concentration but dependent only on enantiopurity.

Therefore, enantiopurity of g-factor triggered fractions is very high.
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[¥3 3 4] Single Drop Microextraction for Capillary Electrophoresis
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Generalized preparation protocol of MIP based open tubular CEC
columns for chiral separation of profen drugs
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It will require a huge amount of time to develop a useful molecule imprinted polymer (MIP) for chiral
separation of a new pair of enantiomers if optimization is mandatory in both MIP formation and
chromatographic elution. Thus, foundation of a generalized preparation protocol regardless of the types of
template will reduce such burden dramatically. A generalized preparation procedure of open tubular (OT)
MIP columns has been developed for a number of templates including acidic (such as profen drugs), basic
(such as atenolol and sulpiride), and neutral drugs. The template (S-enantiomer) was mixed with
methacrylic acid, ethylene glycol dimethacrylate and 4-styrenesulfonic acid, dissolved in a porogen
mixture of ACN/2-propanol (9/1), and incubated in a pretreated and silanized fused silica capillary by the
thermal non-covalent polymerization procedure. The whole preparation procedure was exactly the same
for all the MIP capillaries except for the selection of template. Nevertheless, the morphologies of the MIP
layers were markedly variant depending upon the choice of template. The separation efficiency of each
OT-MIP column for chiral separation of R- and S-enantiomers was examined and tuned to obtain the best
separation efficiency by changing the chromatographic parameters such as eluent composition and pH.
The chiral and non-chiral separation of this study resulted in very good separation efficiencies. In addition,
some empirical rules of eluent optimization based on our studies are summarized as follows for the OT-
MIP CEC columns prepared by the generalized protocol. The eluent composed of acetonitrile and an
aqueous buffer (either acetate or phosphate) will be useful and the optimized acetonitrile composition is
in the range of 70-92% (v/v). The optimized buffer pH is 3-5 for weak acid templates, 2-3 for strong acid
templates, 6-8 for neutral templates, and ca. 9 for basic templates. The above description may help reduce

efforts and time in eluent optimization.
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Flow Field-Flow Fractionation for Blood Proteins and Lipid Analysis
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This presentation will show recent results of FIFFF for proteomic and lipidomic analysis of human blood
using off-line and on-line combination with MS. Asymmetrical FIFFF (AF4) was utilized for the size
sorting and simultaneous enrichment of N-linked glycopeptides of human serum by utilizing a dual lectin-
based strategy in which two different lectin-glycopeptide complex groups are separated by sizes in AF4
channel while non-glycosylated peptides are depleted by crossflow during separation. Collected lectin-
glycopeptide complex fractions from lung cancer sera were analyzed by nanoflow liquid
chromatography-electrospray ionization-tandem mass spectrometry (nLC-ESI-MS/MS). Secondly, it
demonstrates that high density lipoprotein (HDL) and low density lipoprotein (LDL) from plasma
samples from patients having coronary artery disease (CAD) can be separated and collected in their intact
forms on a semi-preparative scale using multiplexed hollow fiber FIFFF and that collected fractions can
be examined for the lipidomic analysis of various lipids using nLC-ESI-MS/MS. A recently developed
on-line chip-type AF4 is utilized for the top-down lipidomic analysis of human lipoproteins at a
microflow rate regime which enables the direct coupling with ESI-MS/MS. The developed AF4-ESI-
MS/MS provides separation of HDL/LDL with the simultaneous desalting of lipoproteins which enhances
ionization of lipid molecules from AF4 separation. It demonstrates the high speed screening of lipid
species (phospholipids, regioisomers of triacylglycerols, and cholesteryl esters, etc) in HDL/LDL can be

achieved depending on the disease status of CAD.
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Mass Spectrometric Analysis of Glycoproteins in Human Plasma for
Cancer Biomarker Discovery

Human plasma is clinically the most important sample for the study of cancer biomarker. Glycosylation is
one of the post-translational modifications of proteins secreted in plasma, which is related to protein
folding, quality control, sorting, degradation, and secretion. More than half of plasma proteins are N-
linked glycoproteins and their analysis is a major challenge in mass spectrometry.The glycoform
distribution and degree of glycosylation of a glycoprotein can be significantly altered by diseases such as
cancer, therefore, quantitative analysis of the glycosylation in proteins may be useful in discovering
biomarkers.It is challenging to perform the identification and the quantification of N-glycopeptides from
mass spectrometry analysis because the instrumental sensitivity and concentration of N-glycopeptides are
a lot lower than those of the general peptides due to the intrinsic property and microheterogeniety of
glycopeptides.We report the development of a high-throughput method for glycoproteomics analysis,
named GlycoProtein Analysis (GPA), which can automatically identify the glycan compositions,
glycosylated sites and glycopeptide sequences of N-glycopeptides tryptically digested from
glycoproteins.The GPA platform and algorithm were applied to identify the different site-specific
glycoforms of a N-glycopeptide tryptically digested from glycoproteins. Here we describe a new label-
free quantitative method that can be applied to target glycoproteins in order to discover a cancer
biomarker in human plasma. The change and quantification of site-specific N-glycosylation in cancer

progression are discussed.
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Protein Post-Translational Modification in Biological Research

ot
Bao)etan opetu) e

Post-translational modification (PTM) represents an important mechanism for diversifying and regulating
the cellular proteome. Among of known ~ 300 PTMs, acylation at lysine residue and phosphorylation at
serine, threonine and tyrosine residues are representative PTMs. Here we will represent the results for
identification of crotonyllysine, as novel PTM in histones, and phosphorylation in Daphnia pulex, as
novel model for PTM research. First of all, we report the identification of 67 previously undescribed
histone modifications, increasing the current number of known histone marks by about 70%. We further
investigated one of the marks, lysine crotonylation (Kcr), confirming that it represents an evolutionarily-
conserved histone PTMs. The unique structure and genomic localization of histone Kcr suggest that it is
mechanistically and functionally different from histone lysine acetylation. In male germinal cells
immediately following meiosis, Kcr is enriched on sex chromosomes and specifically marks testis-
specific genes, including a significant proportion of X-linked genes that escape sex chromosome
inactivation in haploid cells. Second, Waterflea, Daphnids, have been used as ecology or ecotoxicology, a
small planktonic crustacean. Among several daphnia species, D. pulex is a key constituent in the aquatic
ecosystems and in the food web. Here, we investigated the 105 phosphorylation sites on 92 daphnia
proteins by phosphopeptide enrichment using titanium dioxide and online 2D-LC system with high
accuracy mass spectrometer. This is the first in-depth phosphoproteome research of D. pulex showing that

Ser/Thr/Tyr phosphorylation is also present on many essential Daphnia proteins.
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Micro-scale Depletion of High Abundance Proteins and Ultra-high
Pressure Enzymatic Digestion for High-throughput Analyses of Human

Bio-fluids
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Reduction of protein complexity and follow-up sample digestion are necessary for protein identification
by mass spectrometry in bottom-up proteomics studies. Bio-fluids such as plasma and cerebrospinal fluid
(CSF) have been considered to be good sources for finding biomarker candidates due to the close
relations to human diseases. This presentation describes a methodology in terms of depletion of high
abundance proteins and high-throughput protein digestion using human bio-fluids. A vast dynamic range
of protein concentration in plasma is required to be depleted for high abundance proteins which inhibit
the detection of low-abundance proteins by LC-MS/MS. Immunoaffinity is one of the most frequently
used protein depletion methods, however, that requires the sacrifice of high expenses for the purchase of
depletion column and sometimes, undesired high sample loading as well. As an alternative to those
problems, micro-scale depletion column (volume, 346 uL) was prepared using Seppro IgY 14 resin and
then the feasibility was demonstrated using human plasma. Further study was carried out with CSF as a
limited bio-fluid sample which can be more appropriately applicable to the micro-scale immunoaffinity
column. In another study, ultra-high pressure enzymatic digester (UPED, XStreamTM) was developed
and demonstrated the effectiveness in respect to digestion time and protein identifications. Moreover, this
UPED system was integrated with a custom nano-liquid chromatography system for direct LC-MS/MS
analysis upon digestion that can span the automation at a time from protein digestion to LC-MS/MS

analysis for high-throughput analysis of proteins.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]
2

=:BI01-3

e
=]
Me

oF: Mass Spectrometry for Biological Applications

=
=21
o\

T AZAY, EAA: 2 09:50, 7 o] Ay

Glycoproteome Profiling of Human Gastric Cancer Tissue Using
FACE (Filter Aided Capture and Elution) and UPLC-MS/MS
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Protein glycosylation is the most important post-translational modifications (PTMs). Glycoproteins are
often important integral proteins that play a role in cell-cell interactions,, developmental biology, cell
signaling and inflammation in cell membrane. Because of low stoichiometry of modified proteins, for
identifying the numerous glycoproteins, the proteomics analysis of these PTM requires powerful and
indispensable technology. To detect low abundant glyco-peptides or proteins in complex mixture among
the high abundant non glycopeptide equivalents with LC-MS technologies, enrichment methods have to
be applied. For example hydrazide bead, ERLIC (Electrostatic Repulsion Hydrophilic Interaction
Chromatography), HILIC (Hydrophilic Interaction liquid Chromatography), lectin affinity
chromatography method have widely been used for enrich glycol- peptides or proteins. In this study, we
introduce a powerful protocol for enrichment of glycopeptides, and analyzed glycosylation of human
gastric cancer tissue using membrane based modified FACE (filter aided capture and elution) method. So
we were identified 3,000 N-glycosylated peptide. And then, we functional studies of the normal samples
compared with cancer sample using IPA (Ingenuity Pathway Analysis) from the list of identified

glycopeptides.
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Probing Protein Function with Quantitative Mass Spectrometry
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Proteins rarely function as individual entities; they form multi-subunit complexes to carry out a diverse
range of biological processes. Yet, mechanisms governing assembly/dissembly of most protein complexes
remain ambiguous, which poses one of the key challenges in gaining a comprehensive understanding of
how cellular activities are controlled. To address this issue, we developed novel quantitative mass
spectrometry-based methodologies, which were applied to probe the dynamics of the SCF complex
regulation. The modular SCF (Skp1, Cull, and F box) ubiquitin ligases feature a large family of F box
protein substrate receptors that enable recognition of diverse target proteins for proteasome-mediated
degradation. Real-time measurements of formation and disassembly indicated that SCF™" is
extraordinarily stable, but the Cull-binding protein Cand1 accelerated its dissociation by one-million-fold.
Binding and ubiquitylation assays showed that Cand1 is a protein exchange factor that accelerates the rate
at which Cull equilibrates with multiple F box proteins. Depletion of Candl from cells impeded
recruitment of new F box proteins to pre-existing Cull and profoundly altered the cellular landscape of
SCF complexes. We suggest that catalyzed protein exchange may be a general feature of dynamic

macromolecular machines.
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Application of MALDI tissue imaging of Phospholipids and
Metabolites
AGE

3] o

S

<

o &E-3)

<

7

Recent developments in imaging mass spectrometry (IMS) have allowed complete mapping of the

biological molecules including phospholipids (PLs) that are the major building block molecules of

cellular membranes. The IMS technique can detect different classes of PLs as well as their location

information directly from tissue sections. PL head groups carry either positive and/or negative charges;

therefore, IMS experiments must be conducted in both positive- and negative-ion mode to detect all types

of phospholipids. Recently, we developed an optimized matrix preparation for IMS experiments in both

ion modes that maximize PL identification from a single brain tissue section. The optimized matrix

showed improved stability and consistency during both ion mode experiments and successfully identified

>100 peaks of PLs determined by parent ion m/z value. Further tandem mass spectrometric analysis

(MS/MS) was performed to those PLs that are anatomically important according to their distribution on

rat brain tissue section.
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Integrated N-terminal Enrichment for Comprehensive Profiling of
Proteolytic Cleavage Sites

We report a strategy for enriching protein N-terminal peptides that integrates positive and negative
selection methods to obtain a comprehensive coverage of the N-terminome. A novel resin-assisted
positive enrichment method with high specificity (>97%) was developed to complement an optimized
negative enrichment method. Applications of these methods to cell lysates of Aspergillus niger resulted in

the identification of 2991 unique protein N-termini and proteolytic cleavage sites from 1051 proteins.
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Measurement of Protein Turnover Rates on a Proteomic Scale by
Metabolic Heavy Water (°H,0O) Labeling

All proteins are turned over through dynamic processes consisting of synthesis, degradation, import from
or export to other cellular compartments. Protein turnover is delicately controlled to adapt to healthy
states and contributes to maintain protein function and pool size. Previously available approaches to
calculate protein turnover rates have mainly focused on the most abundant protein or proteins correlated
with a single biological pathway, and a global analysis of protein kinetics is still challenging. The advent
of highly sensitive biological MS techniques enables to perform protein kinetic studies more
systematically and globally. Among available technologies, heavy water (*H,0) labeling is a promising
method to study biological kinetics, because it is non-toxic to animals and human up to a certain level for
a prolonged period of time, results in universal labeling of biomolecules in a body, and is also the most
cost-effective tool compared with other isotope labeling approaches. To understand mitochondrial protein
dynamics in vivo, we designed a novel approach to calculate protein turnover using heavy water. We
characterized the turnover rates of 458 proteins in mouse cardiac and hepatic mitochondria, with median
turnover rates of 0.0402 and 0.163 d™, respectively. Our proteomics platform demonstrates the first large-
scale analysis of mitochondrial protein turnover rates in vivo, with potential applications in translational

research.
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Single-molecule FRET studies on replication fork regression dynamics
of WRN helicase
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During DNA replication, the replication machinery frequently stalls at various DNA damages. Regression
of stalled replication forks by ATP-driven molecular motors is an indispensable process for reactivation
of the stalled replication. To elucidate the fork regression mechanism of Werner syndrome protein
(WRN), we studied unwinding and fork regression dynamics of single WRN molecules at various DNA
forks. Surprisingly, WRN is a bidirectional motor which dynamically switches its branch migration
direction at various roadblocks on DNA. Our data suggest that WRN might work as a coordinator of the

whole reactivation process of the stalled replication fork.
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Coherent Raman Scattering with Chirped Broadband Laser Pulses
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Coherent Raman Scattering (CRS) is a powerful spectroscopy technique that can offer the same chemical
information as spontaneous Raman scattering, but with orders of magnitude higher sensitivity. Its
applications to biomedical imaging and ultrafast spectroscopy, however, have not been wide spread due
to the complexity and difficulties of its experimental implementations. In this talk, I will introduce an
alternative CRS methods (the so-called “Spectral Focusing” mechanism), which utilized the interference
between two identically chirped ultrafast pulses to achieve high spectral resolution with femtosecond
laser pulses.l will present its application to the coherent anti-Stokes Raman scattering (CARS) imaging,
which can map out the distributions of proteins, saturated and non-saturated fats inside the unlabeled

animal tissues. Preliminary imaging of skin, retina and brain tissues will be presented.
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Nanoplasmonic Spectroscopic Imaging for Living Cells
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Label-free, sensitive and selective detection methods with high spatial resolution are critically required
for future applications in chemical sensor, biological sensor, and nanospectroscopic imaging. Here |
describe the development of Plasmon Resonance Energy Transfer (PRET)-based molecular imaging in
living cells as the first demonstration of intracellular imaging with PRET-based nanospectroscopy. In-
vivo PRET imaging relied on the overlap between plasmon resonance frequency of gold nanoplasmonic
probe (GNP) and absorption peak frequencies of conjugated molecules, which leads to create ‘quantized
guenching dips’ in Rayleigh scattering spectrum of GNP. The position of these dips exactly matched with
the absorption peaks of target molecules. As another innovative application of PRET, | present a highly
selective and sensitive detection of metal ions by creating conjugated metal-ligand complexes on a single
GNP. In addition to conferring high spatial resolution due to the small size of the metal ion probes (50 nm
in diameter), this method is 100 to 1,000 folds more sensitive than organic reporter-based methods.
Moreover, this technique achieves high selectivity due to the selective formation of Cu2+complexes and
selective resonant quenching of GNP by the conjugated complexes. Since many metal ion ligand
complexes generate new absorption peak due to the d-d transition in the metal ligand complex when a
specific metal ion is inserted into the complex, we can match with the scattering frequency of

nanoplasmonic metal ligand systems and the new absorption peak
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Ratiometric Two-Photon Fluorescent Probes for Biomedical Research
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Ratiometric imaging with small molecule fluorescent probes is a poweful tool for quantitative analysis of
biological events in cells. In recent years, two-photon microscopy (TPM), which employs two near-
infrared photons as excitation source, has become indispensable to the study of biology and medicine due
to its capability for molecular imaging deep inside intact tissues. TPM offers a number of advantages over
conventional microscopy including greater penetration depth (> 500 pum), localization of excitation, and
longer observation times. As such, there is a strong need to explore various ratiometric two-photon (TP)
probes for quantitatively assessing biomolecules and their activities. Recently, we have developed
ratiometric TP fluorescent probes based on small molecule that can detect cellular ions and signaling
molecules in live cells, live tissue slices and living mouse brain. The molecular design and evaluation of a

selection of our recent studies, and their use in biomedical research will be presented.
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Imaging of membrane protein interactions by single-protein tracking
in a single living cell

Dynamic interactions between membrane proteins and ligands determine correct cellular responses to
diverse environmental changes. Because various protein complexes on a plasma membrane participate in
cellular functions, technique identifying complex interactions of membrane proteins with spatio-temporal
resolution in a single living cell is highly demanding. Here | present an imaging technique of membrane
protein interactions that utilizes the accurate measurement of diffusion coefficient of membrane proteins
by tracking individual proteins in a single living cell. We validated this approach that can measure the
interactions between ligands and membrane proteins using an epidermal growth factor receptor and show
its applicability in measuring dissociation constant of ligands and mutant specific interactions in a single
living cell. We extended our technique to G protein-coupled receptors, which confirms the dissociation of
Gi-protein at the downstream of ligand interactions. Our results demonstrate that our approach would be a
powerful technique for investigating the various interactions of membrane proteins and the processes of

signal transduction in a single living cell.
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Quantitative MR imaging of microvasculature
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It is anticipated that the ability to image the spatial distribution of tumor microenvironments (perfusion,
necrosis, hypoxia, cellularity, vessel diameter/tortuosity etc.,) in vivo will provide prognostic information
including assessment factors that influences response to treatment. Functional imaging modalities such as
MRI and PET offer unprecedented opportunities to study in vivo tumor microenvironments and
physiology with the development of new imaging techniques and molecular imaging agents. For example,
extravasating Dynamic Contrast Enhanced MRI using Gd-DTPA provides vascular/perfusion information
of tumor and thus, not only offer complementary information to PET hypoxia markers but also address
the relationship between tumor hypoxia and vasculature. Susceptibility contrast MRI utilizes intravascular
superparamagnetic imaging agents such as iron oxide nanoparticles to visualize tumor vessel diameter
and tortuosity to obtain information regarding tumor angiogenesis. In this talk, a few examples of
translational imaging research activities will be introduced, including developments of new imaging

methods followed by its application to both neurological and oncological preclinical imaging.
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Controlling the Cell-Material Interfaces
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The interfaces between materials and cells have been modulated by functionalizing the materials, cell
surfaces, or both in combination with nanofabrication techniques, for various purposes in chemistry and
related disciplines. Recent research activities in our group involve the formation of cell-in-shell structures

and the study on chemotopographical effects on neuronal behaviors, which will be discussed in this talk.
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Ligand-Controlled Regioselective Borylcupration and protonolysis of

Alkynes
SR =
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Alkenylboron compounds are versatile intermediates that have been employed for a wide range of organic

synthesis applications. Recent progress in the copper-catalyzed addition of boron (borylcupration of

copper?boryl complexes) has made this protocol an important tool for the direct generation of

alkenylboronates. In this presentation, reactions of copper?boryl complexes with various types of alkynes

will be presented, which proceed with high chemo-, regio- and stereoselectivity.
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Asymmetric Organocatalyses using N-Centered Heteroaromatic
Nucleophiles

Nitrogen-containing heterocycles and their derivatives have broad applications in organic, biological, and
materials chemistry and, accordingly, synthesis of N-heteroaromatic compounds, especially optically pure
ones, via catalytic routes has been a subject of active research. In organocatalytic asymmetric cascade
reactions, the use of N-centered heteroaromatic nucleophiles remains almost unexplored in contrast to the
widely studied C-centered nucleophiles. Specifically, pyrroles have never been used as the N-centered
nucleophiles in the cascade reactions, in spite of the importance of pyrroles as optically pure N-
heteroaromatic pharmacophores in biologically active natural products. In addition, pyrazole itself has
never been used as the N-centered nucleophile in organocatalytic asymmetric reactions, although pyrazole
derivatives have been recognized as important pharmaceuticals. Here, the first uses of pyrroles and
pyrazole itself, respectively, as the N-centered heteroaromatic nucleophiles to o,p-unsaturated carbonyl
compounds in the organocatalytic asymmetric reactions and their application to the asymmetric formal

synthesis of biologically active natural products will be presented.
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Visible Light-Induced Photocatalysis

Visible light-driven photocatalysis has been of great interest in the last few years as these methods do not

require specialized equipment, but rather use irradiation sources such as sunlight, fluorescent bulbs, or

blue LEDs. We have developed several types of visible light-induced reactions.Trifluoromethylation of

organic molecules is of vital importance especially in the fields of pharmaceuticals and agrochemicals

due to the unique physical and biological activities of compounds containing trifluoromethyl groups. We

investigated visible light-induced trifluoromethylations of heterocycles, alkenes, and alkynes. In addition,

efficient methods for the generation of CF3-containing epoxides and aziridines, which are potential

trifluoromethylated building blocks, have been developed. Benzofused heterocycles are another

interesting class of molecules in many applications. Efficient methods for synthesis of 2-substituted

benzothiazoles and benzimidazoles have been developed.

Trilusromethylations
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Synthesis of benzofused heterocycles
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Direct One-Pot Synthesis of Polycyclic Heterocycles
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sspepel el o 3] e el alE]

Dibenzo[b,floxepin is an important motif in natural and medicinal compounds. For example,
aristoyagonine occupies a special interest since it is the only example to date of a natural cularine alkaloid
incorporating a five-membered lactam. Due to low natural occurrence in conjunction with its biological
activity against various cancer cell lines, several synthetic tactics have been disclosed for the synthesis of
these structurally unusual alkaloids. Notably, molecules containing the dibenzo[b,floxepin moiety have
received considerable interest from the medicinal community due to these compounds’ potent biological
properties, such as antipsychotic, antidepressant, antihypertensive, antiestrogenic, anti-inflammatory, and
insecticidal activities. We have developed a direct one-pot strategy of phenanthrenes that employs a
Suzuki-Miyaura coupling/aldol condensation cascade sequence. Then, we reported the application of this
procedure to the total synthesis of aristolactams, including aristolactam BII, aristolactam BIIlI,
aristolactam FI, N-methyl piperolactam A, and sauristolactam. In addition, we have successfully achieved
the total synthesis of laetevirenol A. As part of a research program to develop a one-pot metal-catalyzed
reaction/aldol condensation reaction, we sought to develop an efficient synthesis of dibenzo[b,floxepin
via a one-pot Cu-catalyzed aryl ether formation/aldol condensation reaction. Herein, we will discuss the
synthetic methodologies for the construction of diverse polycyclic heterocyclic scaffolds via an efficient

one-pot procedure.
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Design of Porphyrin-based Functional Materials
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Porphyrins and chlorophylls are essential pigments in natural system. In biological systems, porphyrins

and chlorophylls perform many essential functions, such as oxygen transport, active site in enzyme, and

light harvesting. The functional porphyrin derivatives in biological systems provide various motivations

for the design of biomimetic functional materials. Using the porphyrin moieties, we recently have

designed several types of receptor molecules for the bindings of anionic and cationic species. As mimicry

of biological suparmolecular assembly system, porphyrins were utilized as a building block to creat

artificial receptors for specific molecules and light harvesting antenna systems. In this symposium, we are

going to introduce several porphyrin-based functional materials.
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Peptoids as Chemical Tools for Biological Applications
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It is essential to explore the biological functions of each protein including the protein-protein interaction
events in the post-genomic era. In addition, glycosylation plays vital roles in cell-cell recognition, protein
folding, stabilization, cell growth regulation, cell differentiation, immunological response, metastasis,
bacterial and viral infections, etc. Therefore, it’s also important to understand the biological functions of
glycomes. In chemical biology and drug discovery, various chemical tools with a high affinity and a high
specificity against proteins must be developed. Although peptides are an attractive class of molecules that
contain protein-binding properties, they possess several undesirable flaws such as sensitivity to proteases,
limited cell permeability and poor bioavailability. Thus, the development of new peptidomimetics with
improved pharmacokinetic characteristics is increasingly needed. Peptoids, N-substituted oligoglycines,
have emerged as attractive molecules which possess many characteristic advantages over peptides,
including easy synthesis of libraries, a myriad of chemical diversity, proteolytic resistance and improved
cell permeability. Especially, cyclic peptoids which usually exhibit enhanced cell permeability, higher
protein-binding affinities and resistance to proteolytic degradation, are of considerable potential interest
as protein ligands. Additionally, glycopeptoids as glycopeptide mimetics could also be potential chemical
tools for glycomics and chemical biology. In this presentation, the several solid-phase synthetic
approaches for the development of peptoid-based chemical tools including cyclic peptoids and

glycopeptoids will be discussed.
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Design and Synthesis of 7-Conjugated Polymers for Molecular
Actuators and Sensors
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Electronic properties of m-electronic materials, such as m-conjugated polymers (e.g., polythiophenes) and

carbon nanotubes, depend on m-electrons; we can tune their bandgaps and electron/hole transfer rates

through modifying m-electrons' energy levels. Molecular design and synthesis play a important role in

controlling such m-electrons. If those m-electronic systems are coupled to well-designed molecular

structures, we may create novel functions or properties. I will discuss how new properties emerge in -

conjugated polymers and small molecular systems, especially by designs at the molecular level. | will

propose novel molecular structures for m-conjugated polymer actuators and sensors, and discuss their

synthesis and interesting properties.
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Development of the Metal-Catalyzed Direct C-H Amination Reactions
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Aryl amines are a key synthetic unit widely utilized in organic synthesis, coordination chemistry,
materials science and pharmaceutical industry. Current routes to those compounds require either
prefunctionalized starting materials or external oxidants, thus inevitably generating stoichiometric
amounts of side wastes. We have developed direct amidation and amination reactions of arene carbon-
hydrogen (C-H) bonds using sulfonyl and aryl azides as the source of the nitrogen group to release
molecular nitrogen as the single by-product. The reaction is catalyzed by a cationic rhodium complex
under external oxidant-free conditions, and a broad range of chelate group-containing arenes are
selectively amidated and aminated with excellent functional group tolerance, thereby opening a new
avenue to environmentally benign carbon-nitrogen (C-N) bond formation which can be immediately

applied in synthetic chemistry, medicinal, and materials science.
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Organic Functional Materials
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Supramolecular chemistry, molecular recognition and host-guest chemistry emerged as active research

fields in last few decades. In this regards, the Nobel Prize in 1987 was awarded to Charles J. Pedersen,

Jean-Marie Lehn and Donald J. Cram “for their development and use of molecules with structure-specific

interactions of high selectivity". Especially, organic chemistry has played a key role in these research

fields. Basic studies in the fields of supramolecular chemistry, molecular recognition and host-guest

chemistry have been nicely applied to the development of chemosensors, molecular devices and other

functional materials in recent years. Certainly, organic chemistry has been a key factor in the recent

development of multidisciplinary research. Organic chemistry is also closely related to medicinal

chemistry, polymer chemistry, material chemistry, etc. In the current presentation, the history of

supramolecular chemistry and its successful applications in recent years will be discussed.
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Biosurface Organic Chemistry
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Biosurface organic chemistry deals with the interfaces between bioentites (DNAs, proteins, cells, etc.)

and man-made materials. The modulation of functional groups (and topography) of materials, as well as

cell-surface engineering, provides a research tool for chemical understanding of biological processes, not

to mention generating the application platform in nanobiosciences and biomedical engineering. This talk

focuses on two representative examples in the field: artificial spores and mechanoneurochemistry.
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Discovery of Novel Therapeutic Agents using Chemical Biology and
Molecular Diversity
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The importance of molecular diversity has been clearly recognized to identify specific bioactive small
molecules for the elucidation of mysterious biological processes. The diversity-oriented synthesis (DOS)
was introduced for efficient population of molecular diversity in untapped chemical space using
complexity-generating synthetic route. To maximize the molecular diversity with high relevance in
biological space, we pursued privileged-substructure-based DOS (pDOS) strategy to emphasize the
importance of maximized skeletal diversity through the creative reconstruction of core skeletons
containing privileged substructures. Our divergent pDOS strategy can provide an efficient approach for
the discovery of novel small-molecule modulators with excellent specificity in chemical biology and drug
discovery. Secondly, a systematic study of Seoul-Fluor will be presented. During our continuous efforts
on the construction of drug-like small-molecule libraries using pDOS strategy, we aimed to develop a
novel fluorescent core skeleton for the development of bioprobes, applicable for image-based screening.
Seoul-Fluor analogs were successfully applied in HCS. Lastly, we developed a new target identification
platform, FITGE, which aims to preserve protein-small molecule interactions under the intact cellular
environment. After a series of failures using conventional target ID methods, we successfully identified
the protein target of anti-proliferative compound with FITGE only under the live cell condition and
observed the environment-dependent binding events of a functional small molecule by direct comparison

between live cells and cell lysates.
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Contributions of the tumor microenvironment to anti-HGF resistance

Drug resistance has been noticed as a great challenge for most anticancer therapies, especially on targeted
therapies. Many of the experimental approaches and clinical studies have implicated that the tumor-
associated microenvironment contribute huge role on both a protective shield that block drug effect and a
inducible microenvironment that encourages a tumor growth niche where tumor cells overcome
treatment- and cancer-induced stresses. Better understanding of the effects of the tumor
microenvironment on cancer cells in drug resistance condition will be essential to design new therapies
aimed at targeting this tumor-protective niche. To address this question, we generated animal model for
the drug resistance of anti-HGF with glioma model system. In this model we analysed genesexpression
profile which was changed during the acquisition of drug resistance. Based on the species of these genes,
we can separate genes which were changed in cancer cells vs stromal cells. From the results, we have
found interesting molecular signature of stromal gene expression. Especially, we have identified many
interesting genes which is linked to microglia signature. Here, | will discuss about the molecular cross-

talk between glioma cells and glial cells during drug resistance.
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Discovery of Q203, a potent clinical candidate for the treatment of
tuberculosis
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There is an urgent necessity for the development of new therapeutic options for TB. Despite existing
cheap and effective treatments, TB remains a global emergency with 8.7 million new cases and 1.4
million deaths in 2011. The situation is aggravated by the HIVV/AIDS pandemic and the emergence and
alarming spread of multidrug-resistant (MDR) and extensively drug-resistant (XDR) TB. Therefore the
development of more potent drugs that inhibit new targets and exhibit no unfavorable drug-drug
interaction with anti-HIV medications or existing TB drugs is highly warranted to shorten the duration of
therapy and allow the treatment of MDR and XDR TB.Institut Pasteur Korea (IP-K) in collaboration with
its affiliated biotech company, Qurient, Co. Ltd., published in Nature Medicine, on the identification of a
promising new drug candidate for the treatment of TB termed Q203. The novel drug candidate exhibits
remarkable potency in preclinical animal models of Mycobacterium tuberculosis infection at comparably
low doses and the high potency of Q203 is importantly conserved against a panel of clinically relevant M-
XDR isolates. The drug constitutes a new chemical class with a novel mechanism of action targeting a
protein called QcrB, which is an essential component of a vital cellular process termed ‘cellular
respiration’ that generates the majority of a cell’s chemical energy in the form of adenosine triphosphate
(ATP). Q203 also demonstrates very favorable safety and pharmacokinetic profiles in rodents including a
long half-life and target tissue levels suggesting a potential for shortened treatment regimens.(Nature

Medicine, published online on August 4th, 2013, doi:10.1038/nm.3262)



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t

o
s

: ¥ CECO

e
=]
2

=:MEDI-4

e
=]
Me

(o3

F: Current Trends in Medicinal Chemistry: Orphan Drugs

=
=21
o\
3

NEAY, MR % 1615, 2 2]

L= ", 23 =

Human ABC Transporters and Pharmacogenomics

ATP-binding cassette (ABC) transporters constitute a superfamily of membrane proteins. The ABC
proteins protect cells from a wide range of toxic compounds, and regulate basic biologic processes of
essential organs. Consequently, mutations affecting ABC-transporters have been found to be the
underlying causes for a large number of human inherited diseases including cystic fibrosis. Currently, 49
ABC transporter genes were identified in human genome and classified into 7 subfamilies according to
their sequence homologies. The multi-drug resistance 1 (MDR1) and multidrug resistance proteins
(MRPs) genes were originally identified as a gene that confers multi-drug resistance to cancer cells. They
have a physiological role of protecting cells and organisms from various toxic substances including
commonly prescribed medications. Thus, identifying the individual genetic variations of these
transporters carries significant meaning in pharmacotherapy of post-genomic era, since such genetic
variants are likely to be an important source for the inter-individual variability in toxicity and response of
many drugs. Our results of genetic association studies revealed that genetic variations in the ABC
transporters are associated with drug response and toxicity of antidepressants, antiepileptics and
cardiovascular agents. Further identification of the functional genetic variations in ABC transporters and
other major drug-response genes using the state-of-the-art technologies will improve the predictive value

of genetic tests for tailored drug therapy.
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The discovery of XL019 as a potent and selective Janus kinase 2
(JAK2) inhibitor

147
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Janus kinase 2 nonreceptor tyrosine kinase, a member of the JAK2 family of kinase has garnered a

tremendous amount of attention in recent years since the discovery of a somatic mutation of the gene

encoding JAK2. The V617F mutation occurs in the auto-inhibitory JH2 domain and is thought to disrupt

its negative regulatory function. This leads to constitutive activation of JAK2, downstream signal

transducer and activator of transcription (STAT), and activation of gene transcription. A frequent point

mutation of JAK2 was identified in myeloproliferative disorder (MPDs) including polycythemia vera

(PV), essential thrombocythemia (ET), and primary myelofibrosis (PMF). Recent approval of ruxolitinib

(JAKZ1/2 inhibitor), developed by Incyte and Novartis, has clinically validated JAK2 for the treatment of

MPDs. Not surprisingly, several JAK?2 selective inhibitors have been developed and are currently being

tested in clinical trials. Herein, the discovery of XL019 as a potent and selective inhibitor will be

presented.
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Introduction of services for high throughput screening of small
molecule libraries in biological assays
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A drug discovery program involves target identification and validation, assay development and high

throughput screening, hit identification, lead optimization and finally the selection of a candidate for

clinical development. Gyeonggi Bio-Center has established infrastructure for high throughput screening

including small molecule libraries, liquid handler, and plate reader, and provided a range of screening

services to support pharmaceutical researchers to identify hit compounds in the drug discovery process.

Among the well recognized services are identification of modulators of GPCR signaling, Ca2+

mobilization, and nuclear translocalization of NFkB, and the results from the high throughput screening

efforts to identify either inhibitors or stimulators of such signaling pathways will be presented during the

talk.
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Proving and Exploiting Catalytic Functions of Hydrogen Spillover with
Well-Defined Model Catalysts

7]
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Hydrogen spillover has been extensively studied in catalysis field for several decades, but the nature and
its catalytic functions still remain a topic of vigorous debate. Here we used well-defined Pt/LTA zeolite
nanocrystals as a model catalyst for rigorously studying the catalytic functions of spillover hydrogen.
LTA zeolite was chosen as a support for Pt clusters because the small pore aperture of the zeolite (0.4
nm) allows the selective diffusion of H2 over organic molecules, which makes the catalytic interpretation
very straightforward. We also deliberately control the zeolite crystallite size and the density of hydroxyl
defect sites within the zeolite frameworks in order to study the effect of diffusion path length and the
effect of defect sites on the migration of activated hydrogen. The results show that the presence of surface
hydroxyls (e.g., Bronsted acid) and external surface area of catalysts are the governing parameters for the
catalytic use of spillover hydrogen. We propose a long-range H migration mechanism mediated by
Bronsted acid sites based on quantum mechanical energetics. The spillover catalysts showed very high
activities in hydrogenation/dehydrogenation, but virtually zero activities in hydrogenolysis. The distinct
behavior indicates that the spillover and reverse spillover can be used for the addition and subtraction of
H to or from organic molecules, but cannot break C-C bonds. It is reasonable to expect that the
understanding on the catalytic functions of spillover hydrogen can be used to design advanced catalysts
with enhanced catalytic activities, tolerance against thermal sintering and chemical poisoning, and distinct

catalytic selectivity by choosing proper supports and metal encapsulation strategies.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]

= MAT1-2

e
42

&} Functional Nanoporous Materials

=
=21
o\

u
o>,

I

EA, HEAAL 5 00:45, G T

Fot

Structure of Nanoporous Materials and Their Physical or Chemical
Properties
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In this talk, two nanoporous materials - a zeotype material, ETS-10 and a metal-organic framework
material, CDMOF-2 - in particular, the relationship between their structures and physicochemical
properties will be presented.As a representative zeotype material which contains quantum wires, ETS-10
has been received great interests in zeolite society. In ETS-10 crystal, the TiO32- quantum wires (QWSs)
are running along the [110] and [1-10] directions, respectively. Due to a large number of inherent defects,
the TiO32- QWs with varying lengths and local densities are expected to be positioned along the [110]
and [1-10] directions. However, there have been no methods to analyze the distribution pattern of their
relative lengths, length homogeneities, and local densities within a crystal. In this talk, how to analyze the
distribution pattern of the wires in a big ETS-10 crystal will be discussed.A metal-organic framework
(MOF), CDMOF-2 contains y-cyclodextrins (y-CDs) and Rb+ linker. It features reversible chemical
binding of CO2 to primary hydroxyl groups on y-CD. As a broad, fundamental investigation, we observed
high ionic conductivity, relatively, with the “as synthesized” version of CDMOF-2 following sorption of
methanol as a pore filling solvent. Unexpectedly, however, a substantial decrement (~550-fold) of the
ionic conductivity was rendered by the CO2 binding. As an extension, the concentrations of chemisorbed
CO2 were varied and the electrochemical output showed a ratiometric relationship between conductance

and CO2 concentration, showing promise for a new MOF-based CO2 sensor.
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Developing Mesoporous Carbon-Based Supports for Fuel Cell
Application: Surface and Framework Structures

AR T JINXING?

Since the first report on the successful synthesis of ordered mesoporous carbon (OMC) using a

mesoporous silica template, OMCs have been of great interest due to their regular mesopore sizes, high

surface areas, and high pore volumes. Vast progress has been made in the preparation of OMC materials

with modified surfaces, graphitic frameworks, and pore structures, which enable their utilization for

various applications such as adsorbents, catalyst supports, nano-templates, materials for advanced

electronics, etc. Here, the synthesis of mesoporous carbon-based materials with controlled surface and

framework structures, which play key roles for the application to catalyst supports of DMFC, will be

discussed.
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Microporous organic networks for energy and environmental
applications

e
st 55}

In this talk, several approaches for the synthesis of microporous organic networks (MONs) will be

presented. Especially, the tailored synthesis of MONSs using pre-designed building blocks, tandem

synthetic process based on the C-C coupling reaction and cyclization and the shape-controlled synthesis

of MONs will be presented. In addition to synthetic issues, several applications of MONs for energy and

environmental technologies will be introduced. First, photocatalytic chemical conversions using MONs

and visible light will be presented. Second, carbon dioxide capture or chemical fixation using MONs

bearing active sites will be presented. Third, the application of MONSs for the template synthesis of

inorganic anode materials for in lithium ion batteries will be addressed.
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Nanoporous Materials for Gas Sorption and Separation: MOFs, Metal
Oxides, and Carbons
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Nanoporous materials are ubiquitous in the material sciences because of their numerous potential
applications in various areas, including adsorption, catalysis, energy conversion and storage,
optoelectronics, and drug delivery. For appropriate purposes, we have developed new synthetic methods
of novel nanoporous materials such as metal-organic frameworks (MOFs), metal oxides, and carbon
materials. In this talk, we will present a novel synthetic strategy that exploits a metal-organic framework
(MOF)-driven, self-templated route towards nanoporous metal oxides and graphitic carbon materials via
thermolysis under inert atmosphere. Upon temperature, guest molecules, and pressure, structural
flexibility of porous MOFs studied by in situ X-ray diffraction analysis will be also discussed. These
novel nanoporous materials exhibit exceptional carbon dioxide adsorption capacity as well as high gas

selectivity under conditions mimicking flue gas.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t

o
s

: ¥ CECO

e
=]
2

= MAT2-1

e
=]
Me

oF: Synthesis and Application of Particulate Nanomaterials

=
=21
o\

R, BEAA: B 1430, H: HES

Shape-tuning of 2-dimensional metal nanoplates: nanodisk, nanoprism,
nanofrisbee, and nanomesh

G
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We present a simple synthetic method for hexagonal Au nanoplates in pure form. Selective etching of
specific facets of triangular nanoplates has led to the shape transformation. This contribution exemplifies
how the site-dependent reactivity of nanoparticles can be used to fine-tune the shape of nanoparticles. The
site-dependent reactivity of nanoparticles was used for selective etching and growth of specific facets by
controlling experimental conditions. Also, the high quality of hexagonal Au nanoplates allows one to
identify the higher-order plasmon resonance bands in addition to the dipole mode, which is important in
terms of physical property characterization as well as their optical applications. Armed with the obtained
synthetic strategy, we found the methodology to fine-tune the metal nanoplates by using a thin-layer of
Ag as an electron shuttling mediator, leading to nanofrisbees. Additionally, we will briefly introduce two-
dimensional ordered arrays of honeycomb morphology of platinum that are fabricated by using anodized

aluminum oxide template and metal sputtering methods.
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Fabrication of size-controlled polymer vesicles through cooperative
self-assembly of nanoparticles and amphiphilic polymers

vl A" Robert J. Hickey' Jason Koski' Xin Meng? Robert A. Riggleman® Peijun Zhang?

o] s}oj xlrj SFul 3} 8)1] 4=} 8] *University of Pennsylvania, USA 2University of Pittsburgh, USA

The ability to fabricate size-controlled polymer vesicles is important for their biological and medical
applications. Here, we present a new approach to prepare polymer vesicles with controllable diameter
through the cooperative self-assembly of nanoparticles and amphiphilic polymers. Polymersomes densely
packed with magnetic nanoparticles (magneto-polymersome) were fabricated with a series of different
sized iron oxide nanoparticles. The binary self-assembly behavior was strongly dependent on the size of
incorporated nanoparticles. The yield of magneto-polymersomes increased with increasing the diameter
of incorporated nanoparticles, and the size of polymersomes was effectively controlled by varying the
size of nanoparticles. In this presentation, we will discuss the origin of the unique size-dependent self-

assembly behavior.
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Functionalization of a Hollow Nanoreactor with Catalytic Metal
Nanocrystals inside the Cavity

Hollow nanoparticles that encapsulate catalytic species inside the permeable porous shell of chemically

inert materials are promising candidates for nanoreactors that efficiently catalyze the chemical reactions

of selected molecules while preserving the exposed surface area of the entrapped catalysts even under

harsh reaction conditions or during the recycling process. To increase the potential applications of such

nanoparticles in nanoreactors, it is essential to develop a new method for functionalizing the internal

cavity, which allows chemical reactions to occur within the protective void space. In this presentation, |

will discuss the functionalization protocol based on galvanic replacement at the Mn304 surface, which

leads to the high-density deposition of ultrafine metal nanocrystals on a interior surface of the hollow

silica nanosphere. The fabricated hollow nanoreactor exhibited highly enhanced activity, selectivity, abd

recyclability in catalyzing organic reactions, which are attributable to the synergistic combination of the

porous nanoshell and the immobilized catalytic nanocrystals inside the cavity.
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Light Engineering by Metal-Semiconductor Hybrid Nanostructures

okl

N

ol 7} 3} 7] = 2(KAIST) 2} 377

Surface plasmon resonance (SPR) that is significantly observed in noble metals is a phenomenon
involving the coupling of irradiated light and conducting electrons. It leads to intense light scattering,
which is highly dependent upon the dielectric constants of conducting elements and surrounding media,
as well as the morphology of conducting nanostructures. On the other hand, semiconducting
nanostructures can absorb light in the ranges of UV and visible to near infrared and generate electron-hole
pairs by precise tuning the band gap of the materials. Therefore, it is very interesting to investigate the
plasmon and charge generation behaviors in the combined system of metal and semiconductor
nanostructures. Direct contact of metal and semiconductor exhibits the complete quenching of electrons
generated from the photon absorption in the semiconductor to the metal domains. The chemical
conversion from metal to semiconductor leads to huge difference of the corresponding dielectric constant,
which changes scattering property of the nanostructures. The introduction of plasmonic domains on metal
and semiconducting nanostructures can either monitor the change occurred on the surface, or enhance the
electron excitation under the visible light irradiation.Herein, we present three representative structures
containing metal and semiconductor hybrids. In Au@Ag nanocubes, Ag on the shell was converted to
semiconducting Ag2S, which exhibited controllable scattering colors over a full visible range. In
platinized CdS hollow nanocubes, the introduction of Au probes could monitor the reaction progress of
hydrogen generation on the Pt surface at a single-particle level. In Pt-tipped CdSe nanorods, a
unidirectional single-tipped structure yielded higher catalytic activity than that of the double-tipped one
on the hydrogen generation reaction. Such a well-designed combination of metal and semiconductor
components would pave a new way to maximize the photoconversion efficiencies on visible

photocatalysts and solar cells.
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Spherical nanoparticles with a silica shell and gold nanodots assembly
as the core

o =
TES

Sl ola <A ope e} 59

Highly spherical nanoparticles with a core comprising multiple gold (Au) nanodots assembly and a silica
shell (multi-Au@SiO, NPs) were successfully synthesized through a reverse (water-in-oil)
microemulsion-based method. The microemulsion was prepared by mixing a surfactant (Brij35),
cyclohexane, n-hexanol, and aqueous HAuUCI, solution. Multiple Au nanodots with a maximum diameter
of ~5 nm could be assembled and encapsulated within a silica matrix during the growth process. The size
of the multi-Au@SiO, NPs and the number of Au nanodots doped could be controlled by varying the
water-to-Brij35 ratio and the amount of the precursor of cationic gold ions. In an endeavor to develop the
availability of multi-Au@SiO, NPs, we fabricated multiple gold (Au) nanodots core-mesoporous silica
shell nanoparticles (multi-Au@mesoporous-SiO, NPs) through a green technology without using any
surface-protective or etching agents. Thermal treatment of multi-Au@SiO, NPs in an aqueous media lead
to generation of mesopores over the silica shell without any change in the size and number of the Au
nanodots. The multi-Au@mesoporous-SiO, NPs showed much higher catalytic activity in the reduction
of 4-aminophenol than multi-Au@SiO, NPs and other single Au nanodot core-silica shell nanoparticles
with york-shell morphologies, which were also effectively fabricated (single-Au@SiO, NPs and single-
Au@mesoporous-SiO, NPs). The enhanced catalytic activity is mainly due to the efficient diffusion of
reactants onto the multiple Au nanodots through mesopores within the silica shell as well as the higher
surface area of multiple Au nanodots. We also present the incorporation of Au nanoclusters (Au NCs)
into a porous silica matrix to generate fluorescent Au NC-doped silica nanoparticles. Stable and highly
emissive Au NCs were successfully synthesized by means of stabilization with PIPES (PIPES-Au NCs,
where PIPES = 1,4-piperazinediethanesulfonic acid) using a thermal synthetic strategy. By varying the

amount of PIPES, two Au NCs with different emission maxima were obtained. Sequential doping of the



PIPES-Au NCs with tetraethylorthosilicate (TEOS) and 3-(aminopropyl)triethoxysilane (APTS) furnished
a double-layer silica matrix, which effectively protected the PIPES-Au NCs during repeated washing with

aqueous solvent and the composite of which exhibited enhanced emission.
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Nanocrystal Quantum dots for Photovoltaics: Understanding the Size-
dependent Stability
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Lead chalcogenides have been extensively investigated lately with a hope for realizaing next-generation
photovoltaics. Their large exciton Bohr radius provides strong confinement effects, and the band gap
tunability from infrared to ultraviolet could enable a multi-junction solar cell absorbing entire solar
spectrum. Furthermore, a successful utilization of high energy photons above band gaps could promise a
single-junction solar energy coversion efficiency over the Shockley-Queisser limit. In spite of these
advantages as light absorbing materials for next-generation solar cells, a working device has long been a
challenge because of uncontrolled surface defects and thus degradation during post-processing for device
fabrication. Here, the microscopic understanding of QD surface chemistry exclusively derived from

ultrasmall PbS QDs will be discussed.
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Molecularly electrochemiluminescent sensor for in-vitro analysis
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Recently, electrochemiluminescence (ECL) have made significant advances in chemical analysis such as

DNA determination, immunoassay, food testing, and biowarfare determination. As it possesses the

simplicity of electrochemistry and the inherent sensitivity and wide linear range of chemiluminescence

method, tremendous effort has been devoted to develop new analytical techniques based on ECL. Our

group has studied the ECL analysis, and in the talk I will review some of our recent results on it. In our

approach, no separation or washing step which was typically needed in ECL analysis was required.

Instead, we designed a molecular probe which selectively recognized a specific target generating (or

attenuating) the ECL emission upon the presence of the target. These results propose a proof-of-concept

for the molecularly ECL sensor for in-vitro analysis.
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How can we enhance electrochemiluminescence (ECL)?
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Here, we report on the electrochemical grafting of amine-terminated dendrimers encapsulating
nanoparticles onto indium tin oxide (ITO) surface, which can be applied for sensitive
electrochemiluminescence-based assays. Specifically, we prepared two different dendrimer-encapsulated
nanoparticles (DENs), Pt and Au DENSs, using amine-terminated sixth generation polyamidoamine
dendrimers, and subsequently immobilized the DENs onto ITO surfaces via electrooxidative grafting of
the terminal amines of dendrimers to the surfaces. Electrochemical experiments and X-ray photoelectron
spectroscopy (XPS) confirmed that the DENs were electrochemically grafted onto the ITO surface and
not just physisorbed. The resulting DEN-modified ITOs exhibited highly improved catalytic activity for
electrochemical oxidation of Ru(bpy)32+ (bpy, 2,2’-bipyridine)/ tri-n-propylamine (TPrA), leading to
significantly increased electrochemiluminescence (ECL) emission while preserving the good optical

transparency of ITOs.
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Electrochemistry and Electrogenerated Chemiluminescence of Organic
Nanoparticles

AAE AllenJ. Bard"”
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Electrogenerated chemiluminescence (ECL) is a type of luminescence which involves the generation of
oxidized and reduced species, radical ions, which undergo a fast electron transfer at electrode surfaces to
produce an excited state. The electrochemical and emission properties of organic nanoparticles (NPs)
have been the subject of relatively few studies compared to inorganic NPs. For inorganic materials the
physical and chemical properties observed in the corresponding bulk forms are very different when the
particle size is reduced to the nanometer regime. The size effect of the properties of organic NPs is not
expected to produce large changes in characteristics compared to the bulk crystal, because electrons are
largely confined within single molecules and do not delocalize or transfer over nanometer and micrometer
domains. In principle, organic NPs might have practical applications because their fluorescence spans a
wide wavelength region. ECL studies were performed on several interesting compounds. Several new
anthracene derivatives such as a variety of 2- and 4-fold anthracene-functionalized tetraarylbimesityls and
a series of 9-naphthylanthracene based dimer and trimer were studied. They showed one wave on the
oxidation and reduction because of a sequence, two or more electron transfers during the annihilation of
the radical ions. Depended on the structure, some of them exhibited excimer formation on ECL spectra.
Azide-BTA compound which consists of two triphenylamine and 2,1,3-benzothiadiazole groups at the
ends bridged by a fluorene moiety was synthesized and examined. The compound is a newly synthesized
D-A-?-A-D molecule which had reversibility upon electrochemical oxidation and reduction, and also
showed intense red fluorescence and stable red ECL emission. Using a simple reprecipitation method,
well-dispersed and spherical organic nanoparticles of Azide-BTA and 9-naphthylanthracene based dimer
were prepared in an aqueous solution. Controlling the preparation condition, the size of nanoparticles can

be minimized to 15 nm. Especially we prepared the organic nanoparticles of 9-naphthylanthracene based



dimer dispersed in organic solvent, MeCN, one of the preferred solvents for electrochemical studies and
ECL.
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Biosensing of Determination of Glycated Hemoglobin (HbA,;) Based
on Boronic Acid Modified Gold Electrode and Luminol
Chemiluminescence
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Diabetes, a disorder in the metabolism of glucose due to the lack or inability to use insulin to regulate the
glucose level, is one of the major health concerns worldwide. Therefore, the monitoring of glucose level
is necessary to diabetic patients. Hemoglobin Alc level has been used as one of the reliable markers of
glycemic control. The detection of hemoglobin Alc is very important because it indicates the average
blood glucose level over 3 months. A chemiluminescene flow injection system was used to detect the
hemoglobin Alc containing iron inside. In this study, we have used luminol chemiluminescence in the
presence of H,0O,, to measure Fe content inside of hemoglobin Alc. First, hemoglobin Alc was
selectively bound into the SAM of boronic acid on a gold electrode surface, and then luminol and H202
were flown into the observation cell where the CL reaction take place and the light is measured. The
present sensor responded linearly to HbAlc in the wide % range from 2.5% to 17% with a good
sensitivity. Furthermore, the HbAlc % in human plasma samples was successfully determined and
compared to the result obtained with other methods. Therefore, the chemiluminescene flow injection
system detection of HbAlc sensor might be applied for the determination of HbAlc in the human blood

samples.
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Photocatalytic CO, Reduction in lonic Liquids

Photocatalytic reduction of CO, to value-added chemicals or fuels by using solar energy is an attractive
but still a challenging process to address both energy and environmental issues. Photocatalytic CO,
reduction has been mostly conducted by TiO,-based photocatalysts in aqueous solution. However, the
solubility of CO, in water is very low and it causes low conversion efficiency and a problem for practical
application. Here, we have investigated the ionic liquid-mediated system for the photocatalytic and
(photo-)electrochemical CO, reduction since CO, solubility in ionic liquids is relatively high. We have
developed the synthetic system of high purity (>99.9%) ionic liquid and several
physicochemical/photochemical properties of ionic liquids, which should be considered for the
photocatalytic CO, reduction, have been also investigated. The synthesized ionic liquids have been used
as a reaction medium and it was observed that the photocatalytic CO, reduction could effectively occur in

ionic liquid system.
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New Manganese Phosphate Crystal as Water Oxidation Catalyst

Splitting water to generate hydrogen and oxygen is one of the promising pathways for solar to energy
conversion. The oxygen evolution reaction (OER) has been regarded as a major bottleneck in the overall
water splitting process due to the high activation energy barrier for O-O bond formation and the slow
transfer rate of four electrons. Therefore, the development of water oxidation catalyst has been a
demanding challenge to realize overall water splitting systems. Interestingly, nature has a water oxidation
complex (WOC) in photosystem 11 (PSII) comprised of the earth-abundant elements Mn and Ca which
generates oxygen efficiently under neutral condition. The asymmetric geometry and flexible ligation of
the biological Mn,CaOs cluster are important properties for the function of photosystem Il, and these
properties can be applied to the design of a new inorganic water oxidation catalyst. Inspired from the
WOC in nature, we identified a new crystal structure, Mnz(PO,),-3H,0, that precipitates spontaneously in
aqueous solution at room temperature and demonstrated its superior catalytic performance at neutral pH.
Computational analysis indicated that phosphate ligations in our crystal make Mn-O bonding longer and
more distorted than in other Mn-based oxides. Such structural flexibility can stabilize Jahn-Teller
distorted Mn(I11) and thus facilitate Mn(ll) oxidation, as monitored by electron paramagnetic resonance
spectroscopy. This study provides valuable insights into the interplay between atomic structure and

catalytic activity.
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Electrochemical Synthesis of Photoelectrodes for Efficient
Photoelectrochemical Water Splitting
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Development of efficient and practical photoelectrodes for use in a water splitting photoelectrochemical
cell involves simultaneously satisfying multiple requirements, which remains a challenge. The
photoelectrode must absorb visible light, preferably with a direct bandgap transition, and then efficiently
separate and utilize the photogenerated carriers to drive desired reactions. In addition, it is important to
develop simple and low-cost methods for electrode preparation. One promising photoanode material is
bismuth vanadate (BiVO,), an n-type semiconductor with a direct bandgap of 2.4 eV and the appropriate
valence band position for O, evolution. Its conduction band edge position and flat band potential are
fairly negative compared with most other narrow bandgap (i.e., Eg < 2.6 eV) oxide-based photoanode
materials, located just short of the thermodynamic level for H. As a result, complete water splitting with
BiVO, requires only a small amount of external bias. On the other hand, p-type CuFeO, is promising
photocathode which has a suitable conduction band position to photoreduce water to H, while having a
bandgap that utilizes the entire range of visible light (Eg = 1.5-1.6 eV). In this study, a new
electrodeposition route is proposed to produce n-type BiVO, photoanode and p-type CuFeO,
photocathode for the water splitting. Electrodeposition has the distinctive advantages of being simple, low
cost, and easily scalable while enabling deposition of the material of interest only on the conductive
substrate and not on the chamber wall. BiVO,is doped with Mo®" to improve the electron transport by
increasing the carrier density. The electrochemical route provided an effective way of doping BiVO,, and
the optimally doped sample increased the electron-hole separation yield from 0.18 to 0.58 at 0.6 V vs.
RHE, which is a record high separation yield achieved for BiVO,-based photoanodes. Various
photoelectrochemical properties of the p-type CuFeO, photocathode were investigated and its

photoelectrochemical hydrogen production was confirmed by gas chromatography.
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Efficient Solar Light Harvesting: Electricity Generation and Hydrogen
Production
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The development of new types of energy generation devices is promoted by increasing public awareness
that the Earth's oil reserves could run out during this century. As the energy needs of the planet are likely
to double within the next 50 years, the stage is set for a major energy shortage, unless renewable energy
can cover the substantial deficit left by fossil fuels. Our group has developed new methods to increase
light harvesting efficiency to generate electricity and hydrogen production from solar light by applying
nano-concepts to materials and/or devices. Some of these approaches could be used as to form
nanostructured active materials for organic solar cells, dye-sensitized solar cells and photoelectrochemical
cells. In this seminar, the unique materials and processes for efficient solar water splitting will be

presented.
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Nanoporous Si for H, Production by Photoelectrochemical Water
Splitting

24
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Hydrogen production at a semiconductor/water interface by photoelectrochemical (PEC) reaction is a
promising route to direct conversion of solar energy to a storable and clean fuel. For PEC H, production
on a semiconductor using only sunlight and water, materials must have energy bandgap > 1.23 eV, its
conduction and valence band edge must straddle the water reduction and oxidation redox potentials, it
must operate over long time without corrosion, and it must be earth-abundant. While various materials
and systems have been tested for PEC H, reaction, unfortunately, very few materials and systems meet
those stringent requirements. Silicon is an earth-abundant and environmentally benign element and has a
promising band edge position for H2 evolution reaction. Therefore, it can be used to build un-assisted
water splitting system combining a metal oxide photoanode or external photovoltaic cells. However, Si
suffers from high reflection (about 25 %) of incident solar photon that can not be used to produce H,. In
addition, charge transfer rate at Si/water interface to produce H, is sluggish. Here, we report that a
nanoporous Si photocathode can significantly improve the H, production rate by minimizing reflection
and also enhance the sluggish charge transfer rate at the nanoporous layer. We also present various
approaches to further improve the PEC H, reaction by modifying a Si photocathode. We will also present

recent results on stability of silicon photoelectrode in water during PEC reaction.
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Semiconductor Nanowire for Solar Water Splitting
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One-dimensional nanostructure such as nanowire is a promising geometry for photoelectrochemical
(PEC) application in light absorption and charge separation. Nanowire allows light absorption and
transport of charge carriers along the wire while hole-electron pairs can be separated across the wire with
short travel distances. Si/TiO2 heterojunction shows the nanowire arrays give enhanced photoanodic
current compared to thin film because of the higher surface area and the reduced reflection. The suggested
charge separation within dual band gap system was observed with specially designed Si/TiO2 asymmetric
nanowire in a single nanowire level. The observed charge separation is desirable for the hydrogen
reduction on Si surface and water oxidation on TiO2 surface. We also demonstrate the charge collection
efficiency can be improved when the surface of the hydrothermally grown TiO2 nanowire was coated
with atomic layer deposition (ALD) TiO2 shell. The epitaxial grains of ALD shell contribute to increase
the quantum efficiency in short wavelength region where poor charge collection limits the quantum
efficiency. Based on the previous studies, this talk suggests a design of the nanostructured photoanode for

solar to fuel conversion.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]

FE=:ENVR2-1

e
=]
Me

oF: Current Topics in Environmental Geochemistry

=
=21
o\
3

NEAY, WEAA: B 1430, 7 853

Potential applications of zero-valent magnesium in environmental
remediation
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Zero-valent magnesium (ZVMg) was tested as a reductant for the removal of Cr(VI) from water. The

kinetics of ZVMg dissolution and of Cr(V1) reduction by ZVMg were examined in a simple electrolyte

solution (10 mM NaCl) with 50 mM MOPS buffer at pH 7 with varying doses of reactants. The

dissolution of ZVMg obeyed a first order kinetics with respect to [Mg®], with a rate constant, Kmg = 1.05 =

0.06 x 10 min™. Cr(VI1) was effectively removed from solution via reduction not directly by ZVMg but

by an intermediate product of ZVMg-water interaction. The reduction of Cr(VI) mediated by ZVMg was

rapid and followed a fractional order (n = 0.19) with respect to [Cr(VI)], and the observed rate constant

was determined as kops = 1.07 x 10° M®®min™. The results showed a potential that ZVMg may be

employed as an effective reductant for the treatment of various redox-sensitive contaminants.
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Sorption Mechanism of lodine Species by Black Carbon
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Natural organic matter (NOM) plays an important role in determining the fate and transport of iodine
species such as iodide (I-) and iodate (103-) in groundwater system. Although NOM exists as diverse
forms in environments, prior iodine studies have mainly focused on uptake processes of iodide and iodate
to humic materials. This study was conducted to determine the iodide and iodate uptake potential for a
particulate NOM (i.e., black carbon [BC]). A laboratory-produced BC and commercial humic acid were
used for batch experiments to compare their iodine uptake properties. The BC exhibited >100 times
greater uptake capability for iodide than iodate at low pH~3, while iodide uptake was negligible for the
humic acid. The uptake properties of both solids strongly depend on the initial iodine aqueous
concentrations. After uptake reaction of iodide to the BC, X-ray Absorption Fine Structure spectroscopy
results indicated that the iodide was converted to electrophilic species, and iodine was covalently bound
to carbon atom in polycyclic aromatic hydrocarbons present in the BC. The computed distribution
coefficients (i.e., Kd values) suggest that the BC materials retard significantly the transport of iodide at

low pH in environmental systems containing even a small amount of BC.
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Cation exchange of Co”*-substitued zeolite X: thermal treatment effect

Heavy metals and nuclides are effectively sequestered by zeolite due to the high cation exchange capacity.
However, the sequestered cations by zeolite are likely to be re-exchanged by other cations (Ca**, Mg*,
Na") in groundwater. Consequently, it is of environmental significance to understand the mechanism
involved in re-exchange reactions to predict the fate and behavior of the metal cations sequestered by
zeolite. In the present study, a series of cation exchange experiments were performed by equilibrating
Co?**-substituted zeolite X (Co-X) in concentrated CaCl, solutions. The radioactive isotope of cobalt
(*°Co®"), present in low-to-intermediate level nuclear wastes, is subjected to radioactive decay, altering
the physicochemical properties of zeolite by producing heat and irradiation. To simulate such effects, Co-
X was thermally treated at 400 and 600°C prior to re-exchange experiments. At the higher treatment
temperature, the re-exchanged amount of Co®* in Co-X by Ca?* was found to decrease. From X-ray
diffraction, the re-exchange reaction led to little change in the zeolite crystallinity for thermally untreated
samples, but the significantly decreased crystallinity was resulted in among re-exchanged, thermally
treated samples. Nonetheless, Al MAS NMR spectra of all re-exchanged samples indicated that the
peaks corresponding to 4-fold coordinated Al became broader along with their positions shifting as a
result of the re-exchange, suggesting that the re-exchange reaction caused a short-order structural
distortion for both thermally untreated and treated samples. Also, Co-K edge X-ray absorption
spectroscopy (XAS) was employed to examine the mechanism associated with the re-exchange. By
comparison of XAS spectra between re-exchanged samples and model compounds, Co®* was thought to
be either present as an extraframwork cation within zeolite or incorporated into a cobalt hydrotalcite
(CogAl,(OH)16(A™),, where A™ is an interlayer anion) phase. The relative contribution of an
extraframwork Co®* versus cobalt hydrotalcite in re-exchanged samples was determined byg the least

squares fitting of EXAFS spectra. The formation of cobalt hydrotalcite became more intensive with the



increasing treatment temperature. In conclusion, thermal distortion of zeolite promoted the dealumination

of zeolite and the subsequent formation of cobalt hydrotalcite.
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Extracellular electron shuttle-mediated biotransformation of
contaminants
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This presentation will discuss the potential for extracellular electron shuttles (EES) to stimulate the
reduction of Fe(lll), cyclic nitramines (e.g., hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)), or U(VI) in
the presence of Fe(lll)- and/or EES-reducing microorganisms. EES have been proposed as an electron
transfer mediator between microorganisms and solid-phase minerals to stimulate Fe(l1l) reduction by
eliminating the need for physical contact between the cell and the Felll (hydr)oxide. EES can be present
as synthetic compounds (e.g., anthraquinone-2,6-disulfonate (AQDS)), naturally occurring compounds
(e.g., humic substances) and/or as microbially produced and excreted compounds (e.g., flavin
mononucleotide (FMN) and riboflavin by Shewanella species). Our studies demonstrated that Fe(l11)- and
EES-reducing microorganisms utilized EES to stimulate contaminant reduction at rates significantly
faster than those previously reported. In addition, contaminant reduction was directly stimulated by the
EES in Fe(ll1)-poor environments and indirectly stimulated by reactive minerals such as magnetite in
Fe(l11)-rich environments. The approach for contaminant reduction with EES will provide an opportunity
to study the complexity of subsurface systems, thereby providing a more thorough understanding of the

coupled biological and geochemical processes controlling the fate and transport of various contaminants.
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Biotransformation of Fe(l11)-containing minerals and its effect on
contaminant degradation
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The bioreduction of Fe(lll)-containing minerals by iron-reducing bacteria has been an active area of
research due to the formation of reactive Fe(ll)-containing minerals such as magnetite and green rust.
This biotransformation of Fe(lll)-containing minerals has been shown to be significantly affected by
electron transfer mediators (ETMs) which can enhance the bioreduction of Fe(lll)-containing minerals.
ETMs can be divided by exogenous (mostly quinones) and endogenous (mostly flavins) ETM which is
introduced/formed by natural organic matters and bacteria, respectively. In this study, bioreduction of
lepidocrocite (y-FelllOOH) by Shewanella putrefaciens CN32 (CN32) was examined in the presence of
different types of ETMs. A variety of Fe(ll)-containing minerals (i.e., green rust, vivianite, and goethite)
formed depending on the types of ETMs and Fe(ll) production rate was found as a key factor controlling
the formation of specific secondary mineral phases. The degradation of carbon tetrachloride (CT) was
also conducted using Fe(lll)-containing minerals (i.e., magnetite and lepidocrocite) with CN32. The
dechlorination of CT was significantly enhanced by magnetite and lepidocrocite with CN32 compared to
the microbial transformation of CT by CN32. Chloroform, carbon monoxide, and formate were measured
as main products for the degradation of CT. The results of X-ray diffraction and electron microscope
analysis and transformation products of CT suggest that biogenic vivianite can play a pivotal role for the

enhanced dechlorination of CT in this study.
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Accelerated Geochemical Processes in Ice and their Environmental
Impacts
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The understanding of redox processes in the environment is an important part in environmental chemistry

and provides basic information for preserving and remediating the affected environment. The redox

speciation of inorganic compounds controls their mobility, bioavailability, toxicity, and environmental

fate. Geochemical reactions and mechanisms in aquatic environments have been extensively investigated

but those in ice phase have rarely been studied despite their importance in the environment, especially in

the cold regions (e.g., upper troposphere, permafrost, polar/high latitude environment, and midlatitudes

during winter season) where freeze-thaw cycles take place. In this talk, the unique and interesting

geochemical processes accelerated in ice media (dissolution of iron oxides and manganese oxides in ice

under dark and irradiation conditions, simultaneous conversion of Cr(VI1)/As(111), oxidation of iodide, and

iron oxide dissolution by iodide) will be visited
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Hg(ll) reduction by reduced natural organic matter in anoxic
environments
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Divalent Hg reduction in anoxic water and sediment may limit the production of monomethylmercury, a
highly toxic and bioaccumulative form of Hg. Based on literature reviews, natural organic matter (NOM)
seems to play an important role in microbial metal reduction, e.g., Fe(lll), As(V), U(VI), and Tc(VII), as
extracellular electron shuttles; however, the possibility of Hg(ll) reduction by NOM electron shuttles is
largely unknown. Current study describes the results of laboratory experiments designed to identify the
role of NOM (Suwannee River humic and fulvic acids, and Elliott soil humic acid) in microbial and
chemical Hg(ll) reduction. In the microbial Hg(ll) reduction test using Shewanella oneidensis MR-1,
Hg(I1) reduction efficiency was significantly increased in the presence of NOM, possibly due to quinone
electron shuttles. In the chemical Hg(ll) reduction, NOM composition, particularly free radical content,
was critical in determining Hg(Il) reduction efficiency. The ubiquitous presence of natural NOM and their
active involvement in bacterial electron flow suggest that quinone-containing NOM may play a

significant role in anaerobic Hg(Il) reduction.
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Korean chemical industry and technology innovation
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The importance of Korean chemical industry and the new challenges that it is facing for the future will be

discussed. Personal perspectives on the needs for the strategy change to overcome the challenges will be

shared with LG Chem’s recently developed product cases as examples. Finally, the directions of future

technology innovation for Korean chemical industry in general and the importance of human resources in

science & engineering for the development of chemical industry will be presented.
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Mussel-inspired adhesive polymer as a binder of Li-ion batteries
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In recent decades, rising of oil price caused global energy problem and induced technical progress of
alternative of fossil fuels. The development of electric vehicles (EVs) is expected to replace existing
automobile which uses petroleum as a fuel. To commercialize EVs, high-performance rechargeable
batteries are required. Lithium-ion batteries (LIBs) are considered as power supply of EVs, however, it
still needs to be improved for higher energy density and longer cycle life. There have been many
researches using Silicon(Si) particles as an anode material because of its higher capacity than that of
graphite, which is commercially used in Li-ion batteries. However, Si anodes has poor cycling
performance due to its dramatic volume expansion and contraction during the Li alloying-dealloying
processes. To improve the stability of electrode, polymeric binders are added for binding Si particles. In
this study, we synthesized a new polymer, alginate-catechol (Alg-C) for effective binding performance.
Alginate is a polymer that contains more hydrogen bonding sites than conventional binder, and catechol is
a well-known adhesive moiety inspired by adhesive mussel foot proteins. The synthesized catechol-
conjugated polymer presents excellent wet-resistant adhesion, and single-molecule adhesion force of the
polymer was measured in atomic force microscopy (AFM). Alg-C binder LIBs showed higher capacity

and better cyclic performance than that of conventional binder batteries.
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Complex Arrays of Titania Nanostructures and Metal Nanoparticles
Fabricated by Diblock Copolymers and Their Micelles

Integration of nanostructures of semiconductors and metallic materials is of interest due to their potential
applications in opto-electronic, photonic, magnetic, and chemical devices. To take full advantage of both
nanostructured materials, controlled placement of two nanomaterials having different shapes and sizes in
large area is highly desirable.One of effective ways to locate nanomaterials can be the utilization of self-
assembled nanostructures of diblock copolymers. Diblock copolymers spontaneously assemble into
periodic nanostructures, of which the size and morphology can be controlled by the molecular weight and
composition of copolymers. In addition, diblock copolymers form nanometer-sized micelles consisting of
a soluble corona and an insoluble core in a selective solvent for one block of copolymers. Diblock
copolymers and their micelles can be coated on solid substrates to form nanostructured thin films, which
can be used as nanotemplates to generate a variety of arrayed nanostructures including particles, cylinders,
and lamellae.In this work, we first created cylindrical or lamellar nanostructures of semiconductor titania
using perpendicular nanodomains of diblock copolymers in thin films. Then, these titania nanostructures
were employed as templates to direct the arrangement of nanoparticles synthesized by diblock copolymer

micelles, leading to complex arrays of titania nanostructures and metal nanoparticles.
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Bio-inspired hybrid material for selective oil-spill capture
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The bio-inspired materials have been considerable interest in the recent days for their wide variety of
usage in various applications. We carried out a pioneer work at the preparation of more fascinating bio-
inspired material with superhydrophobic, superoleophilic properties using siloxane polymer and leaf
powder hybrid. Our hybrid suspension can produce superhydrophobic properties instantaneously by
simple casting the suspension followed by the evaporation of solvents (within few mins). The surface
shows almost complete superhydrophobicity (water contact angle (CA) > 175°) on a variety of substrates
and superoleophilicity (oil CA < 5°) for various oils and excellent non-stick and self-cleaning properties.
The bio-inspired hybrid material showed excellent thermal stability and mesoporous structure, and
became superhydrophilic on curing at 600°C. A dip coated hybrid?poly(dimethylsiloxane) (PDMS)
sponge exhibited very high selectivity and absorption capacity for a range of oils and organic solvents

(2000 to 3600 w/w% to absorbent) in deionized water.
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The Feasibility of Single Molecule Scattering with Worldwide X-Ray
Free Electron Laser Facilities
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The feasibility of single molecule elastic scattering analysis with the X-ray free electron laser (XFEL)
sources in operation and under construction around the world was investigated for various biological and
synthetic materials (pepsin, polyethylene, poly(4,4'-oxydiphenylene pyromellitimide), and ferric oxide).
This study found that existing XFEL facilities provide coherent pulse X-ray beams with the required
energies (8.3-12.4 keV) but their fluxes are too low for single molecule elastic scattering experiments to
determine the three-dimensional structures of such molecules; for single molecule scattering, the XFEL
facilities need to improve their beam flux density to 2 x 10 to 7 x 10*® photons pulse™ um™ depending
on the beam energy. However, the existing XFEL facilities’ sources were found to enable the elastic
scattering analysis of pepsin and the synthetic polymers in sample sizes of 1-160um as well as of ferric
oxide in sample sizes >80 nm. These criteria for the sample size can be extended to other soft (biological,
organic, and polymer molecules) and hard (molecules containing heavy metals) materials. In addition, the
inelastic scattering, absorption, and radiation damage characteristics of the chosen materials when

exposed to the XFEL sources were examined.
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The Fabrication of Organic Semiconducting Nanostructures by
Eutectic Reaction

The organic semiconductors with crystalline 1D nanostructures have been used extensively in numerous
electronic devices because of their anisotropic optoelectronic properties and their promising
applications.By comparison to their inorganic counterparts, organic nanomaterials offer many advantages
such as easy and technically infinite ways of modulating band gap simply by changing side functional
groups, and which could be effectively lead to new optical properties. The fabrication of well-defined
organic semiconducting nanostructures with controlled geometry and alignment, however, has not been
well established yet comparing with their inorganic counter parts.Herein, we present fabrication and
characterizations of well-defined organic semiconducting nanowires, which can be applied for patterning
and alignment. In this presentation, we will demonstrate that highly crystalline rubrene nanowires as well
as various organic semiconductors could be formed and crystal growth direction also controlled. The
structures and physical properties were confirmed by electron and optical microscopies, MALDI-TOF,
GI-WAXD and XRD.
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Coarse-grained molecular dynamics simulation for reversible
assembly-disassembly behavior of photo-responsible polymeric micelle
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Light-induced isomerization between spiropyran and merocyanine has received considerable attention
due to their difference in polarity as well as color. This photo-isomerization can provide the strategy for
fabricating photo-responsible polymeric materials by introducing the spiropyran moiety into polymers. In
particular, there are several reports on photo-responsive polymeric micelle decorated with spiropyran.
Although many spiropyran-based polymeric materials have been synthesized, it is still challenging to
simulate and visualize the self-assembly of photo-responsive micelle in an aqueous phase, which is hard
to observe details on a molecular level experimentally. Thus we propose a coarse-grained model for
spiropyran-based polymeric micelle by standard mapping of MARTINI force-field to understand the
reversible assembly-disassembly behavior of the micelle with coarse-grained molecular dynamics

simulation.
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pH sensitive Halloysite based hydrogel nanocomposites for colon
cancer drug delivery
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In this study we synthesized safe and efficient Halloysite-hydrogel nanocomposite for colon cancer drug
delivery using biocompatible and biodegradable materials composed from sodium haluronate with
poly(hydroxyethyl methacrylate). Further, hydrogel nanocomposites were characterized by various
techniques to confirm the formation, crystallinity, thermal and morphological properties. The hydrogels
exhibited good swelling property with pH sensitive fashion. 5-fluorouracil is an anticancer drug was
successfully encapsulated into these hydrogels as well as inside halloysite nano tubes via equilibrium
swelling followed by pulling and breaking the vacuum. TEM results showed 5-FU also encapsulated in
the halloysite nanotubes. Furthermore the release studies carried out pH 1.2 followed by 7.4 phosphate
buffer media to display the effect of drug release in acidic and alkaline conditions. The kinetics of in vitro
release was analyzed using the empirical equations to understand the nature of release mechanism. The
release studies indicates these new type of hydrogels are promising controlled release carriers for colon

cancer delivery.
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Concentration dependent dimer formation of human natural and
pyrene-modified i-motif DNA

We have investigated the concentration-dependent changes of natural and pyrene-modified i-motif DNA

in solution by using synchrotron small-angle X-ray scattering. Detailed data analysis was performed with

singular value decomposition and a series of data fitting process. The 3-dimensional structure of natural

and pyrene-modified i-motif DNA was similar to each other so that it is possible to use the pyrene-

modifed i-motif DNA as efficient probe system. As the concentration of DNA increases, the fraction of

dimeric i-motif DNA increases. To identify the structure of dimeric i-motif DNA, we created atomic

coordinates of dimeric i-motif DNA model and facilitated direct structural comparison with the

experimental results. Also, the effect of heating to 900C and subsequent quick quenching was studied.

The natural i-motif DNA become monomeric i-motif DNA after treatment regardless of concentration,

while pyrene-modified i-motif DNA still has mixture of monomeric and dimeric i-motif DNA. This study

can enable us to conceive 3D structure of i-motif DNA in molecular crowding condition.
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Mussel-Inspired Modification of Superhydrophobic Surface for the
Formation of Therapeutic Cell Spheroids

om) @ o] s’

317} 8} 7] =2I(KAIST) 3}8}37}

We report a mussel-inspired modification of superhydrophobic surface for the formation of therapeutic
cellular spheroids. The modified superhydrophobic surface (mSF surface) was prepared by
photolithographic patterning of catecholamine on superhydrophobic anodized aluminum oxide (AAO)
surfaces. On the mSF surface, homogeneous sizes of cell aggregates (i.e. spheroids) were generated with
high efficiency, and size of the spheroids was readily controllable by the hanging drop method. It is
reported that the size of cell spheroids affects cell viability, proliferation, cellular functions and stem cell
fate, which mainly results from different cell to cell interactions. So, the spheroids size and size
homogeneity should be precisely controlled for their therapeutic applications. In this study, spheroids
originated both from insulin-secreting, primary islet B-cells and mesenchymal stem cells (MSCs) were
formed, demonstrating biological versatility of the mSF surfaces. Both types of cell spheroids showed
greater viability than the spheroids produced by the traditional hanging drop method. The diameter of
spheroids was efficiently controlled from 50 um to 250 um with high size homogeneity. For islet B-cells
spheroids, stimulation index (SI), the indicator of glucose sensitivity of B-cells, increased when the
spheroids were produced on the mSF surface. Also, the spheroids size dependence of vascular endothelial
growth factor (VEGF) secretion of MSCs was demonstrated. The 210 um size of MSCs spheroids showed
highest VEGF secretion, and the VEGF secretion decreased with increasing spheroids diameter. In
addition, the catecholamine micropatterns on the superhydrophobic surfaces are stable enough enabling

for one to use the mSF surface for many times.
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Synthesis of Hydroxyl-Functionalized Polyisocyanate Block Copolymer
via Living Anionic Polymerization and Mild Thiol-Ene Click Reaction
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A well-defined polyisocyanate block copolymer bearing hydroxyl side group was synthesized via living
anionic polymerization and sequential thiol-ene click reaction, in order to extend the range of functional
polyisocyanates. A maodifiable precursor, poly(allyl isocyanate)-b-poly(n-hexyl isocyanate) (PAIC-b-
PHIC), which has alkenyl side groups, was synthesized by anionic block copolymerization of allyl
isocyanate (AIC) and n-hexyl isocyanate (HIC). The polymerization system offered the living nature
including the quantitative yield, predictable molecular weight, and narrow molecular weight distribution,
as well as maintained intact allyl side groups. The obtained PAIC-b-PHIC underwent free radical-
mediated thiol-ene click reaction with 2-mercaptoethanol using a low temperature-decomposable radical
initiator. The simple and mild functionalization method was proved to be highly effective for complete
hydroxylation and to be tolerant to the backbone and excess mercaptans. The functionalized block

copolymer was characterized by NMR, SEC-MALLS, FT-IR, and TEM analysis.
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Fabrication of Nanoreactor and Biomedical Imaging Agents Based on
the Hollow Nanoparticle Platform

Hollow inorganic nanoparticles, which have an interior cavity enclosed by an inorganic shell of nanosized
thickness, have been receiving a lot of recent attention due to their distinct characteristics that are
advantageous in a variety of biomedical and catalysis applications. Their hollow interior structure can be
used to selectively encapsulate and release the guest molecules and carry the high payload of the
functional molecules at the large surface area, which therefore enriches their potential in the emerging
fields such as nanoreactor, drug delivery vehicle, contrast agent for molecular imaging, and energy and
gas storage material. Firstly, | will discuss the fabrication of the nanoreactor systems based on the hollow
nanospheres which encapsulate catalytic species inside the permeable porous shell of chemically inert
materials. | will explain our strategy to transform pre-synthesized nanocrystals into targeted hollow
nanostructures and to functionalize the void space of the resulted hollow nanosphere with precious metal
nanocrystals. | will also present the successful employment of the catalytically functionalized hollow
nanospheres for the high-concentration syntheses of metal nanocrystals and the substrate-selective
catalytic reactions. The second part of this seminar will present our recent researches with hollow
manganese oxide nanoparticles which show the greatly enhanced MRI relaxivities and drug loading
capacity, comparing with those having solid interior. I will discuss the development of a platform
protocol based on the HMON for fabricating target-specific multimodality imaging probes for T1
weighted MR imaging.
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Coordination Polymer Particles (CPPs)
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Infinite porous coordination polymers built from metal ions or metal clusters connected by molecular
building blocks consisting of organic molecules or organometallic complexes have received a great deal
of attention due to their useful applications in gas storage, catalysis, optics, recognition, and separation.
Although the majority of coordination polymer materials, including metal-organic frameworks (MOFs),
are concentrated on macro-scaled crystalline products, for structural studies based on single crystal X-ray
analysis, we and others have recently reported the synthetic strategies for the preparation of nano- and
micro-sized coordination polymer particles (CPPs). Here we present the development in CPPs and the
utilization of CPPs for the preparation of diverse metal oxides. Metal oxide materials have also received a
great deal of attention as a result of their unique properties that have made them of use in a wide range of
fields including magnetics, electronics, optics, catalysis, and medical diagnostics. The work described
here will provide a way to access a variety of multi-compositional CPPs and metal oxides, something that

should facilitate their eventual use in practical applications.
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Combined plasmonic and upconversion rear reflectors for efficient
Dye-sensitized solar cells
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Dye sensitized solar cell (DSSC) is a promising technology to replace conventional silicon-based solar

cells due to its low cost, simple process and power conversion efficiencies. By the great efforts of

researchers working in the DSSC field, the power conversion efficiency of greater than 11% has been

achieved [1,2]. However the conversion efficiency is still behind that of the inorganic solar cells. One of

the main reasons for this low performance of DSSC is the incapacity of the dyes to utilize the near-

infrared (NIR). To overcome this limitation, upconversion nanoparticles (UCNPs), which can transform

near infrared photons into visible photons, have been considered as one of the promising solutions and

have been applied in DSSCs [3]. However the low upconversion luminescence efficiency limits the

practical application of the UCNPs in solar cells.Herein we present a method to increase the efficiency of

upconversion luminescence in UCNPs by Fe3+ tridoping and used as a rear reflectors in DSSCs to

increase the power conversion efficiency of DSSCs.
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Syntheses, Structures, and Characterizations of New Mixed Metal
Selenites and Tellurites
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Mixed Metal selenites and tellurites materials have received a great deal of attention due to their

asymmetric coordination environments. Combining local asymmetric coordination units tends to increase

an incidence of macroscopic noncentrosymmetric (NCS) crystal structures. NCS materials possess a

number of technologically useful characteristics such as ferroelectricity, pyroelectricitry, piezoelectricity,

and second-order nonlinear optical (NLO) behaviors. Many synthetic chemists continuously have put

forth huge efforts to develop superior performing NCS materials. In this presentation, a series of newly

discovered mixed metal selenites and tellurites materials will be introduced.
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Metal-organic frameworks with polar environments exhibiting
selective CO, adsorption and proton conductivity
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Metal organic frameworks (MOFs) are crystalline porous solids being studied for a wide range of

applications stemming from their structural tunability. Their designable feature enables us to readily

ornament the pore surface of a MOF with special characters such as polarity and acidity. The

modifications of the interior of a MOF affect on gas adsorption capability and selectivity. In addition,

MOFs have gained researchers’ attention as candidate materials for solid state proton conductors.A new

two-dimensional (2D) Zn(ll) metal-organic framework with flexible aryl ether linkers and water

molecules exposed to the pores and its dual properties, such as selective CO, adsorption and proton

conductivity, originated from polar circumstance will be introduced. Detailed discussions of this material

together with other interesting proton-conducting MOFs will be presented.
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Constructions of 2D and 3D Kagome-type Copper(l1) Coordination
Polymers: Thermolysis, Alcohol Reservoirs, and Catalysis

Self-assembly of CuX, (X" = CI" and Br’) with a new tridentate ligand, N,N’,N”’-tris(2-pyridinylethyl)-

1,3,5-benzenetricarboxamide (L), yields a uniquely very thin Kagome-type network consisting of both

nano-sized hexagonal (CugLs) and triangular (CusLs) motifs as an effective reservoir for small alcohol

molecules. When the crystals were calcined for 1 h at 250 °C, the resulting contraction via eruption of

both solvated and combusted organic molecules produced the shellshape morphology. At 350 °C, the

crystals changed to the chrysanthemum flower shape, and they took on the convex?concave surface,

which forms seemingly as a result of the inner eruption of combusted organic molecules. Finally, above

600 °C, copper(ll) oxide nanocrystals were formed. Self-assembly of CuX, (X" = CIO, and BF;) with

2,3-bis(nicotinoyloxy)naphthalene (L) yields 1D loop-chain skeleton. The 1D loop-chains form an

ensemble constituting a unique 3D kagome-type structure with both infinite hexagonal channels and

trigonal channels. The unprecedented reversible supra-channel effects on the catalytic oxidation of 3,5-di-

tert-butylcatechol to 3,5-di-tert-butylbenzoquinone were investigated.

SBA_
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Highly tunable and biologically functional nanostructured surfaces for
biological application

Cells within a tissue interact with neighboring cells and with the extracellular matrix (ECM) through
biochemical and mechanical cues. The cellular environmental factors composited of micro- or nanoscale
cues affect cell behaviors. Therefore, over the last decade, micro- or nanofabrication techniques have
sufficiently resulting progressed to recapitulate many cellular environmental factors, making them
progressively more useful for application in biology and tissue engineering. Recent advances in micro- or
nanofabrication techniques pave the way for engineering biomaterial surfaces that control cellular
interaction from the micro-to the nanoscale. In particular, studies on the effect of nanomatierals on cell
behavior are great important because the length scale of such nanoparticle is physiologically relevant due
to consistency with the sizes of many functional biomolecules and their complexes, ranging from a few to
hundreds nanometers, including the fibers of ECM proteins, the components of basement membrane, and
focal adhesions.Here, we have mainly focused on the development of the nanostructure and bio mimetic
system as enabling tools for studying the effects of cell adhesion and signaling on cell function. For
fabrication of nano-biomimetic platform, we used metal nanoparticle, nanothickness polymer film, and
nanoporous membrane. Using these nano materials, we mimic several bio-events including cell-ECM
interaction, metastatic cancer cell focal adhesion, invasion process of cancer cells, and cell-cell
communication. This study of nanoscale engineering in controlling cell-material interfaces can have

profound implications for future development of tissue engineering and regenerative medicine.
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Dynamical changes in microscopic fluorescence spectra of grana and
stroma-exposed regions in chloroplasts of a higher plant protoplast
during state transitions

23 shigeichi Kumazaki™ el

A ¥ 8l of 1 %] 2817 'Department of Chemistry, Kyoto University

In chloroplasts of plant and algae, state transition is an important regulatory mechanism to maintain the
excitation balance between photosystem | (PSI) and photosystem 11 (PSIl) under fluctuating light
conditions in terms of intensity and spectrum. Light harvesting complex 1l (LHCII) seems to play a key
role as the regulated energy distributor to each photosystem. It is widely believed that LHCII migrates in
thylakoid membrane to bind with PSI and PSII at state 2 and state 1, respectively. We employed a
fluorescence spectral imaging system in order to give a new insight on the state transition based on
microscopic fluorescence spectra with a submicrometer spatial resolution. Protoplasts from Arabidpsis
thaliana has been used to give a better access to the intrachloroplast structures, while maintaining the high
physiological activity of the chloroplasts. Near-infrared mode-locked laser-based fluorescence spectral
microscopy was applied to obtain fluorescence spectra from grana and stroma-exposed thylakoid regions
selectively, as previously demonstrated in the case of leaves of Zea mays. It was revealed that two-photon
and one-photon excitation of chloroplasts in the wavelength region of 785 ? 820 nm lead to dominance of
PSII and PSI in the fluorescence spectrum, respectively, even at around 295 K. It is thus expected that
highly pure spectra of PSI and PSII obtained in the identical setup can be utilized for a reliable spectral
decomposition between PSII and PSI in measured fluorescence spectra on a submicrometer spatial scale.
We succeeded to obtain state-transition induced changes in microscopic fluorescence spectra, which were

different between grana and stroma-exposed thylakoid regions.
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Spectroscopic identification of isomeric jet-cooled benzyl-type radicals
formed from 3-fluoro-o-xylene by corona discharge

S9& HFE! o137
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Spectroscopic identification of isomeric transient species generated from same precursor is an important
subject for understanding dynamics of molecules. Over a few years, we have identified several isomeric
jet-cooled benzyl-type radicals produced by corona discharge of substituted dimethylbenzene precursors,
in which the dissociation of methyl C-H bond of different methyl groups generates isomeric benzyl-type
radicals.Vibronically excited but jet-cooled isomeric benzyl-type radicals were generated from the
precursor 3-fluoro-o-xylene using a pinhole-type glass nozzle designed for supersonic jet expansion along
with corona discharge, from which the visible vibronic emission spectrum was recorded from the
discharge system with a long-path monochromator. The spectrum shows a complicate vibronic pattern of
two isomers; 2-methyl-3-fluorobenzyl and 2-methyl-6-fluorobenzyl radicals. The vibronic structure was
analyzed based on the substituent effect on electronic transition energy which shows very strong
dependence of transition energy on the substitution position of methyl group and fluorine atom. From an
analysis of the spectrum observed, we identified the formation of two isomers, 2-methyl-3-fluorobenzyl
and 2-methyl-6-fluorobenzyl radicals in the corona discharge of precursor, and determined for the first
time the electronic energy in the D; — Dy transition and vibrational mode frequencies in the Dy state for

both isomers.
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Vibrational assignment and structure of acetone cation investigated by
vacuum ultraviolet mass-analyzed threshold ionization spectroscopy
and quantum chemical calculations

2= olfFd AT ARS

deld el 2fela}

Acetone has attracted much attention as simple model because of two methyl groups causing internal
rotations. In this regards, extensive studies on torsional modes for neutral have been carried out but study
for cation is lack. We recorded the vibrational spectrum of acetone cation in the electronic ground state
using the vacuum ultraviolet mass-analyzed threshold ionization (VUV-MATI) spectroscopy. From the
VUV-MATI spectrum measured, the accurate ionization energy of acetone was determined to be 9.707 £
0.002 eV. Nearly complete assignments for the vibrational peaks in the VUV-MATI spectrum were
possible by utilizing vibrational frequencies and Franck-Condon factors calculated at the density
functional theory (DFT). We observed several low frequency peaks that can be identified as the torsional

modes and analyzed successfully them with aid of density functional theory calculations.
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IR Dip Spectroscopy of Jet-cooled 3-cyanoindole-(H20)n (-n=0-5) in
the Gas Phase

3-cyanoindole (3-Cl), a derivative of indole, has important intrinsic properties which give rise to
enormous biological activities. In our previous studies, one conformer of 3-Cl-water clusters was
identified via the REMPI and UV-UV double resonance spectroscopic methods in the gas phase studies.
In this study, we have further investigated the 3-Cl-water clusters having up to 5 water molecules, 3-ClI-
(H20)n (n=0-5). For the 3-CI-(H20)1 clusters, their REMPI spectrum has a strong origin band, red-
shifted compared to that of the monomer and a relatively weak origin band attributed to the 3-CI-(H20)2
clusters. The assignment of specific conformers was aided by the combination of UV-UV hole-burning
and IR-dip spectroscopy. All mass-selected origin bands of 3-Cl-(H20)n (n=0-5) clusters in the REMPI
spectra were the targets for the burning frequency in IR-dip spectroscopy. The corresponding IR-dip
spectrum in the region of 2800-4000 cm-1 showed clear identification of certain 3-Cl-(H20)n (n=0-5)
conformers. We have also calculated the optimized structures of 3-CI-(H20)n (n=0-5) clusters using
density functional theory (DFT). Further details on the 3-CI-(H20)n (n=0-5) clusters will be discussed by

IR dip spectroscopic studies in this poster.
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A Simulation Study on the Rotational Dynamics of Dimers in Random
Obstacle Matrices

*

SRR

A plasma membrane contains a numerous kinds of proteins and lipids. These elements in plasma
membrane generate a heterogeneous environment that influences the dynamic behavior of the membrane
proteins. The translational diffusion of dynamics of membrane proteins has been investigated extensively.
However, few studies have been performed on the rotational diffusion of proteins. In this work, we
elucidate the rotational dynamics by using the dimer tracers in two dimensional (2D) random obstacle
matrices to mimic the protein rotation in a plasma membrane. The random matrices are generated by
randomly distributing non-overlapping quenched obstacles in 2D. As the area fraction of obstacles, @y,
increases, the system becomes more crowded and heterogeneous. Below the pore percolation threshold of
obstacles, ®.=0.22, both translational and rotational diffusion of proteins follows the normal Brownian
diffusion. Above @, the particles are confined such that they can’t move freely. Therefore, the
translational diffusion of dynamics becomes anomalous. On the other hands, the rotational dynamics still
shows a Brownian motion. This shows clearly that the translational and the rotational diffusion decouple
in such crowded environments. More interestingly, when the @y, > 0.30, the rotational dynamics shows an

oscillatory behavior in the probability distribution of rotational displacement.
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Random Walk Model for the Self-Assembled Monolayer in Dip Pen
Nanolithography
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The growth of a self-assembled monolayer (SAM) pattern in dip-pen nanolithography (DPN) was
simulated by using a simple random walk model. In this model, the SAM pattern grows mainly via the

serial pushing of molecules initiated by molecules dropping from an atomic force microscope (AFM) tip.

In our model, the serial pushing is taken to be in the same direction for a finite humber of consecutive

pushing events. We examine various SAM patterns, such as lines, crosses, and letters by changing the tip

scan speed.
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Control of Osmosis and Desalination by Lower Critical Solution
Temperature (LCST) Type Phase Behavior

29y ola’

Osmotic flows can be reversibly controlled by temperature-sensitive materials. Because temperature-
sensitive materials show temperature-driven hydrophilic to hydrophobic transition in aqueous condition,
corresponding abrupt changes of effective concentration in the solution containing those materials can
induce conversion of osmotic flows. Some temperature-sensitive materials show 'lower critical solution
temperature' (LCST) phase transition (miscible at low temp. and not miscible at high temp.). So they can
osmotically draw water in feed solution at low temp. and release the water after phase separation at high
temp. But most LCST materials are polymers. Because polymers cannot induce high osmotic pressure,
new ones having significantly lowered MW is needed. Derived from the structure of temperature-
sensitive polymer, we synthesized N-acylated tris(2-aminoethyl)amine (nBu-TAEA). It has MW of
356g/mol and shows phase separation above ~27 Celsius. nBu-TAEA aqueous solution showed clear
conversion of osmotic flow at low and high temp. when it was facing saline solution. Also, its possibility
for continuous osmotic desalination was checked by circulating LCST mixture at low and high temp.

environment, making simultaneous water withdrawal and release.
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Computational Studies of the Interactions between Poly (Amidoamine)
(PAMAM) Dendrimers and Biological Membranes

Understanding the interaction of nanoparticles with biological membrane is important for both designing
effective nanodevices for medical applications and avoiding unintended consequence from disruption of
biological structure. Dendrimers, hyper-branched polymers, represent a novel class of structurally
controlled macromolecules. With the advantages such as controlled mass, surface functionality, and easy
surface modification, they can be the good candidates for nano materials with biomedical applications
such as drug/gene delivery. Especially, poly(amidoamine) (PAMAM) dendrimers are the first complete
dendrimer family to be synthesized, characterized and commercialized. For that reason, PAMAM
dendrimers are widely studied for both medical and basic science applications. However, the behavior of
PAMAM dendrimers near cell membranes is not fully understood. In this study, we have performed full
atomistic molecular dynamics simulations to investigate the interactions between amine-terminated
PAMAM dendrimers and two model biological membranes such as zwitterionic DPPC and negatively
charged POPG lipid bilayer membranes. Using the P2, boundary condition, which allows the flip-over of
lipid molecules, the asymmetric stress on leaflets in the presence of dendrimer is effectively handled. The
free energy calculation of the dendrimer adsorption shows that there exists significant attractive

interaction between the positively charged dendrimer and both model membranes.
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New insight into the inflammation mechanism evaluated by LC-MS
based quantitative eicosanoid signatures
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Eicosanoids as metabolites of arachidonic acid (AA) are rapidly biosynthesized and degraded in vascular
function, inflammation, hypertension and other pathologies. Simultaneous changes of eicosanoids in the
liver S9 fraction with systemic inflammation were therefore investigated. The S9 fraction was obtained
from model rabbits consisted of control and 1% carrageenan subcutaneous injection groups. After
incubation of the S9 fraction with inflammation mediators, 33 eicosanoids were quantitatively measured
by LC-MS combined with the high-resolution selected-ion monitoring (LC-HR/SIM-MS). Among
different metabolic pathways of AA, cyclooxygenases (COXs) and lipoxygenases (LOXSs) are the major
target for the most popular medications used to treat pain, fever and inflammation. Here, the
inflammation signatures was confirmed with two inflammation mediators, ibuprofen and celecoxib for
inhibition of COX-1/2 and selective COX-2, respectively. Then, the devised technique was successfully
applied to identify the new biochemical role of an endogenous steroid, epitestosterone, as inflammation

mediator may responsible for the COX-1 inhibition.
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Secondary metabolite profiling of Curcuma species grown at different
locations using GC/TOF and UPLC/Q-TOF MS
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Curcuma, a genus of rhizomatous herbaceous species, has long been used as a spice, traditional medicine,
and natural dye. Recently, attention has turned to the medicinal properties of Curcuma species for
treatment of illnesses such as cancer, and Alzheimer’s disease. In this study, the metabolite profile of
Curcuma extracts was obtained using gas chromatography-time of flight mass spectrometry (GC/TOF
MS) and ultrahigh-performance liquid chromatography?quadrupole time-of-flight mass spectrometry
(UPLC/Q-TOF MS) to characterize the differences between Curcuma aromatica and Curcuma longa
grown either in the Jeju-do or Jin-do islands of South Korea. Previously, abundant primary metabolite
profiling of Curcuma species grown in different regions using NMR based metabolomics had been
reported. On the other hand, this study focused on profiling of secondary metabolites from the hexane
extract of Curcuma species. This metabolite profiling, coupled with multivariate analysis, was performed
by GC/TOF MS to identify different secondary metabolites between C. aromatica and C. longa. Principal
components analysis (PCA) and Partial Least Squares Discriminant analysis (PLS-DA) plots showed
significant differences between the C. aromatica and C. longa metabolite profiles, whereas geographical
location had little effect. A t-test was performed to identify statistically significant metabolites, such as
terpenoids. Additionally, targeted profiling using UPLC/Q-TOF MS showed that the concentration of
curcuminoids differed depending on the origin of the plant. Through these results, it was demonstrated
that global and targeted metabolite profiling using a combination of GC- and LC-MS is useful toward

discriminating between Curcuma on the basis of species or geographical origins.



Intensity, cps

2.0e4
1.8e4

1.6e4
1.4e4
1.284
1.0e4
8000.0
6000.0
4000.0

2000.0
0.0

B € ometica
8 s C. longa
6
4
B L]
-2 =
-4
8 c. aroma
-20 15 10 -5 0 5 10 15 20
PLS1

Global profiling by GC/TOF MS

217.0509

148.0612

173.0804

134.0368

60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
miz, Da

Targeted profiling by UPLC/Q-TOF MS



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]

F=: ANAL.O-3

e
42

&} Oral Presentation of Young Analytical Chemists

=
=21
o\
3

TR, TEUA F 1040, FHE: A+

Comprehensive Analysis of Petroleum by Laser Desorption lonization
coupled to Fourier Transform lon Cyclotron Resonance Mass
Spectrometer
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Many studies have analyzed the chemical composition of petroleum in order to better understand and
predict the properties and behaviors of heavy petroleum. However, even using Fourier transform ion
cyclotron resonance mass spectrometry (FT-ICR MS), a complete understanding of the chemical
composition of petroleum is not currently available. One of the problems limiting our knowledge is
discrimination occurring during the ionization process. To circumvent this problem, it is beneficial to use
as many ionization techniques as possible. Therefore, there have been many studies devoted to utilizing
various ionization techniques, e.g., electrospray ionization (ESI), field desorption ionization, atmospheric
pressure photo ionization (APPI), atmospheric pressure chemical ionization (APCI), easy ambient sonic-
spray ionization mass spectrometry (EASI), laser-induced acoustic desorption (LIAD), and atmospheric
pressure laser-induced acoustic desorption chemical ionization (AP/LIAD-CI) for oil research. Matrix-
assisted laser desorption ionization (MALDI) is a widely used ionization method to analyze biomolecules
and polymers. MALDI is limited for the analysis of oils because peaks originating from the matrix are
abundant at m/z < 500, where many compounds in oil are observed. Therefore, laser desorption ionization
(LDI) has been used instead of MALDI to study petroleum.In this study, (+) and (-) mode LDI FT-ICR
MS spectra obtained from crude oils have been compared and shown that LDI can be a useful technique
to study crude oil. Heavy components of oils contain aromatic ring structures were successfully analyzed
because they can absorb laser photons efficiently. For shale oils derived from different source rocks, the
comparison results of characterization using (+) mode APPI and LDI FT-ICR MS have shown that LDI is

sensitive toward nitrogen class compounds and can be a good method for the analysis of oil shale extracts.



Moreover, vanadyl- and nickel porphyrin complexes in crude oils were detected more effectively by LDI

than APPI FT-ICR MS directly from an unfractionated crude oil.
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2D correlation analysis for protein nanoparticles
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Two-dimensional (2D) correlation spectroscopy has been attracted a high level of interest in analytical

science community, as it provides considerable utility and benefit in many fields of spectroscopic studied.

In this work, to investigate secondary molecular structure and thermal behavior for two types of insulin

nanoparticles, which were prepared from EtOH and DMSO solution, respectively, by solution enhanced

dispersion supercritical fluid (SEDS) process, 2D correlation analysis was applied to the temperature-

dependent diffuse reflectance infrared Fourier transform infrared (DRIFT-IR) spectra. To better

understand molecular structure of insulin nanoparticles, molecular dynamic (MD) simulation was also

performed. In this presentation, results of 2D correlation analysis and MD simulation for two different

types of insulin nanoparticles will be discussed more details.
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A New Strategy for the Determination of Self-Exchange Rate of
Alkanethiolates on Self-Assembled Monolayers on Gold using MALDI-
TOF MS

In this paper, we describe a new method for the determination of exchange rates of alkanethiolates on
Self-assembled monolayers (SAMSs) on gold using matrix assisted laser desorption/ionization time of
flight mass spectrometry (MALDI-TOF MS), by which the composition of alkanethiolates on SAMs can
be analyzed rapidly and directly. Particularly, for the investigation of the self-exchange of an alkanethiol,
we prepared the deuterated alkanethiol that has the same molecular properties to the non-deuterated
alkanethiol but a different molecular weight. Monolayers consisting of deuterated alkanethiolates were
immersed into a solution of the non-deuterated alkanethiol, and influences of immersion time,
concentration, temperature, and solvent upon the self-exchange rates were investigated. Furthermore, we
investigated the exchange rates between alkanethiols which have different carbon chain lengths or

ethylene glycol units.
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Glycosylated proteins preserved over millennia: N-glycan analysis of
Tyrolean Iceman, Scythian Princess and Warrior

ZAWMA Sureyya Ozcan® Rudolf Grimm? <F&dF
Syl #2478l ] <o 'Department of Chemistry, University of California, Davis,

California 95616, USA ?Agilent Technologies Inc., Santa Clara, California 95051, USA

An improved understanding of glycosylation will provide new insights into many biological processes. In
the analysis of oligosaccharides from biological samples, strict regimen is typically followed to ensure
sample integrity. However, the fate of glycans that have been exposed to environmental conditions over
millennia has not yet been investigated. This is also true for understanding the evolution of the
glycosylation machinery in humans as well as in any other biological systems. In this study, we examined
the glycosylation of tissue samples derived from four dominantly natural mummies: the 5,300 years old
“Iceman, Oetzi”, found in the Tyrolean Alps; the 2,400 years old “Scythian warrior”, found in the Altai
Mountains; the 2,400 years old “Scythian Princess”, also found in the Altai Mountains; and a 4 years old
contemporary mummy, found in an apartment in Vienna/Austria. By using a combination of
chromatographic retention time and accurate molecular mass from mass spectrometric analyses, we were
able to determine the N-glycan composition of all available mummy tissue samples. The number of
identified N-glycans depended on both the age and the preservation status of the mummies. The
contemporary mummy tissue sample showed significantly more glycan structures than the ancient
mummy tissue samples. Interestingly, we found that the ancient mummy tissue samples contained
primarily N-glycans with bi ?and tri-antennary glycan structures composed of mostly mannose residues,
which also happen to be abundant in human cancer tissues. Our findings are clearly show the oldest
glycans ever discovered suggesting that protein glycosylation persists for thousands of years and that

mummies are enabling us to investigate ancient glycosylation opening a window to the fare past.
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Advanced Analytical Methods for the Lipid Analysis from Biological
Sample

Lipids have multiple functions, serving as the building blocks of membranes and playing roles in energy
storage and signal transduction between cells, and they are involved in human diseases. Since each group
of lipids contains different combination of acyl chains, the simultaneous analysis of the entire lipidome is
a complicated task. This presentation shows advanced techniques developed in our laboratory in
qualitative profiling of lipids from human urine and plasma samples by using nanoflow liquid
chromatography-electrospray ionization-tandem mass spectrometry (nLC-ESI-MS-MS).While MS
analysis of most glycerophospholipids (GP) classes is carried out in negative ion mode, analysis of
neutral polar lipids is highly efficient in positive ion mode. In order to establish run conditions to carry
out a single nLC-ESI-MS-MS for all GPs, the ionization efficiency of 13 different types of GP molecules
in NnLC-ESI-MS has been evaluated in negative ion mode by varying the modifiers and their
concentrations. The optimized conditions were applied to the analysis of GP mixture extracted from a
human urine sample. Based on the lipid classification, major lipids have been divided into four categories
such as glycerolipids (GL), sphingolipids (SP), sterol lipids (ST) including GP. However, complexity in
lipid mixtures still remains a barrier toward a complete identification even with sophisticated HPLC
methods. The study demonstrates a separation of different plasma lipid classes on a strong anion
exchange (SAX) column in the first dimension and that of plasma lipid molecular species on a reversed-
phase (RP) column in the second dimension, so that the ion suppression effects can be reduced and the

number of identified lipids can be increased.
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Discovery of potent modulators for circadian rhythms

The circadian clock underlies daily rhythms of diverse physiological processes and alternation in
circadian clock is related with numerous pathologies. To discover new chemical probes for modulating
and dissecting the clock mechanism, we performed circadian screen of ~500,000 compounds on human
cells which are harboring Bmall-dLuc.[1] The data analysis identified small molecules, which potently
lengthen the circadian period in dose-dependent manner. We selected a carbazole derivatives which
named as cryptostar.[2] To improve the potency of these compounds and identification of linker position,
we synthesized the derivatives of the carbazole compound. For target identification of a carbazole
compound, we performed affinity chromatography coupled with proteomic mass analysis. We identified
cryptochrome as targets of cryptostar(KLO01) for period regulation. After further analysis of cryptostar,
we identified that cryptostar interacted with the FAD-binding pocket of CRY to prevent ubiqutin-
dependent degradation. We further demonstrated that KL0O1 inhibited glucagon induced gluconeogenesis

in hepatocytes.

1. Lee JW, Hirota T, Peters EC, Garcia M, Gonzalez R, Cho CY, Wu X, Schultz PG, Kay SA. Angew
Chem Int Ed Engl. 2011, 50, 45, :10608-11

2. Hirota T, Lee JW, St John PC, Sawa M, lwaisako K, Noguchi T, Pongsawakul PY, Sonntag T, Welsh
DK, Brenner DA, Doyle FJ 3rd, Schultz PG, Kay SA. Science 2012, 337, 6098, 1094-7.
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Albumin-coated ZAIS Fluorescent Nanoparticles for Facile Antibody
Conjugation and Target-specific Bioimaging
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ZAIS - (ZnxAgylnz)S2 - fluorescent nanoparticle (NP) has been developed to replace I1-VI QDs due to
its cadmium free non-toxic nature, and facile synthesis of the fluorescent nanocrystal library by ultrasonic
and combinatorial chemistry. In addition, ZAIS shows much stronger fluorescence intensity than QD
without photoblinking in single nanoparticle level, which is suitable for a cell imaging probe. However,
the lack of methods to coat the surface of ZAIS NP has limited to have stability in a physiological
solution as well as to attach targeting molecules. Here, we developed a biocompatible and stable coating
method by passivating ZAIS NPs with BSA BSA-coated ZAIS NP (ZAIS-BSA) shows excellent stability
in a high concentration under the physiological condition. Moreover, the best BSA passivation condition
and its non-aggregation characteristics were evaluated by running agarose gel electrophoresis. Its
increased hydrodynamic size and the change of surface charge were characterized by dynamic light
scattering and zeta potential measurements. For the facile antibody conjugation and target-specific
bioimaging, we demonstrated the attachment of 1gG to ZAIS-BSA by developing both the passivation
method and hydrazone based conjugation of 1gG. Both approaches are complementary in a sense that the
passivation method is simple but the antibody orientation is random, however, the hydrazone conjugation
method shows relatively specific orientation of 1gG in spite of complicate attachment procedures. The
target-specificity of these two approaches were tested by performing the binding experiment of Herceptin
conjugated ZAIS-BSA to the Her2 positive breast cancer cell lines such as SK-BR-3 and HCC1954,
following the attachment of Herceptin, anti-Her2 antibody onto ZAIS-BSA.
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Application of Transition-Metal-Mediated 18F-Fluorination to PET
Radiotracer Development

o] 24 Jacob. M. Hooker" Tobias Ritter®”
¥ g 387 'Athinoula A.Martinos Center for Biomedical Imaging, Massachusetts General
Hospital and Harvard Medical School “Department of Chemistry and Chemical Biology, Harvard

University

New fluorination methods for the synthesis of 18F-radiolabeled small molecules have the potential impact
for clinical positron emission tomography (PET) imaging, if the methods can be successfully translated.
However, progression of modern reactions from the stage of synthetic chemistry development to the
preparation of radiotracer doses ready for use in human PET imaging is challenging and rare. Here we
present the process of and the successful translation of a modern transition-metal-mediated fluorination
reaction to non-human primate (NHP) baboon PET imaging?an important milestone on the path to human
PET imaging. The method, which transforms [18F]fluoride into an electrophilic fluorination reagent,
provides access to aryl?18F bonds that would be challenging to synthesize via conventional

radiochemistry methods.
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A novel small molecule inducer of cellular antioxidant response
509
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Eukaryotic cells counteract oxidative and other environmental stress through the activation of Nrf2, the
transcription factor that controls the expression of a host of protective enzymes by binding to the
antioxidant response element (ARE). The electrophilic molecules that are able to activate Nrf2 and its
downstream target genes have demonstrated therapeutic potential in carcinogen-induced tumor models.
Using a high-throughput cellular screen, we discovered a class of ARE activator, which we named Al-1,
that activates Nrf2 by covalently modifying Keapl, the negative regulator of Nrf2. Biochemical studies
indicated that modification of Cys151 of Keapl by Al-1 disrupted the ability of Keapl to serve as an
adaptor for Cul3-Keapl ubiquitin ligase complex, thereby causing stabilization and transcriptional
activation of Nrf2. Al-1 and its biotinylated derivative are useful pharmacological probes for

investigating the molecular details of the cellular antioxidant response
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Rhodium-Catalyzed Oxidative C-H Activation/Cyclization for the
Synthesis of Phosphaisocoumarins and Phosphorous 2-Pyrones

g d olgs”

The rhodium-catalyzed cyclization of phosphinic acids and phosphonic mono-esters with alkynes has

been developed. The oxidative annulation proceeded with complete conversion of phosphinic acid

derivatives and allowed for the atom economic preparation of useful phosphaisocoumarins with high

yield and selectivity. The reaction is tolerant of extensive substitution on the phosphinic acid, phosphonic

mono-esters and alkynes, including halides, ketone, and hydroxyl group as substituents. Also, we found

that alkenylphosphonic mono-esters proceed to give a wide range of phosphorus 2-pyrones through

oxidative annulations with alkynes. Mechanistic studies revealed the C-H bond metalation to be rate-

limiting step.
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Development and Mechanistic Investigation of a Highly Efficient
Iridium(111) Silane Complex for Hydrosilylation of Various Carbonyl
Functionalities

dhA] & David Bezier' Maurice Brookhart”

IBS 3}3}F ‘University of North Carolina at Chapel Hill, U.S.A.

Cationic iridium silane complexes with POCOP ligand {POCOP = 2,6-[OP-(tBu)2]2C6H3}, 2 generated
in situ from the complex 1 in combination with Et3SiH catalyze hydrosilylations of epoxides and carbon
dioxide as well as ketones, aldehydes, and esters. Kinetic study at low temperatures for the
hydrosilylation of acetone reveals that the complex 1 is the catalyst resting state and is in equilibrium with
low concentration of the silane complex 2. D-labeling study of the hydrosilylation of styrene oxide shows
that the epoxide isomerizes to the ketone, followed by hydrosilylation. Surprisingly, it turns out that CO2
smoothly undergoes reductive hydrosilylation by the complex 2 to convert to CH4 under mild conditions
(23 oC and 1 atm of CO2). In the course of the study on the reduction of tertiary amides to amines,
unexpectedly a neutral iridium(V) silyl trihydride complex, (POCOP)IrH3(SiEt2H), 3 has been identified
as an active catalyst for the amide reduction. The complex 3 with H2SIiEt2 in the presence of
trialkylammonium salt under 1 atm of H2 has been shown to reduce tertiary amides to the amines with

turnover numbers as high as 10,000 under mild conditions.
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Iron(l1)-Catalyzed Tandem Cyclization and Cross-coupling Reaction of
lodoalkanes and Aryl Grignard Reagents

1*

AR 7L

X
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Iron-catalyzed cross-coupling reactions have been intensely investigated in recent years, while palladium-
and nickel-catalyzed cross-coupling reactions of aryl and vinyl halides have evolved over decades into
mature tools for advanced organic synthesis. The most valuable characteristic of iron catalysis in cross-
coupling reactions may be the unprecedented reactivity toward alkyl halides. Alkyl halides are considered
challenging substrates because they resist oxidative addition, and the resulting metal reagents have
proclivity for B-hydride elimination. Despite a number of reports on iron-catalyzed cross-coupling
reactions of alkyl halides, the tandem reaction protocol was not investigated in detail. We have
demonstrated that tandem cyclization and alkyl-aryl cross-coupling of primary and secondary alkyl
iodides with aryl Grignard reagents can be realized by using an FeCl2 catalyst to afford arylmethyl-
substituted heterocycles; a range of arylmethyl substituted pyrrolidines and tetrahydrofurans. Several
experimental results, such as stereochemical outcome of secondary iodide substrate and intermediate
identification with TEMPO, support the radical process of this catalytic system. In future studies, we aim
to discover efficient tandem reactions expanded by this versatile iron catalysis to fully explore its

preparative scope.

Fe(ll) catalyst (3 mol%) R,

|
Rﬁ i ArMgBr (2.2 equiv.) Al
Ry >y R; -

THF (0.07 M), 0 °C Re™ X7 R

X=NTs, O
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Dual-Color Imaging of Cytosolic and Mitochondrial Zinc lons in Live
Tissue With Two-Photon Fluorescent Probes

RATHORE KAILASH Z%&"

SEEETE L

Zinc ion is an essential trace metal ion that plays important roles in the mammalian cells as catalytic or
structural cofactors.” A small fraction of the total zinc ion content, exist as cytosolic free Zn?*. Since low
nanomolar concentration of free Zn®* can be cytotoxic, it is vital to maintain Zn** homeostasis. If the
[Zn*]. level is elevated by the influx of Zn®*, the excess is removed by shuffling Zn?* to subcellular
stores such as endoplasmic reticulum and mitochondria and by transferring Zn®* to extracellular space.?
To visualize such processes in a live tissue, it is crucial to develop TP probes that can simultaneously

detect the Zn®* in different organelles.

Simultaneous detection of Zn* in the two organelles was not yet possible as the TPEF maxima of the
available probes were too close to detect independently. We, therefore, have developed TP probes for
cytosolic Zn**(BZn-Cyto) and mitochondrial Zn®*(FZn-Mito), which emit TPEF at widely-separated
wavelength regions upon binding with Zn*. TP fluorophores used to derive BZn-Cyto and FZn-Mito,
exhibited significant TP cross section and emitted TPEF at 469 and 529 nm in aqueous buffer, where as
the Zn®* chelators utilized of various K4 values are within the range of expected Zn?* concentration in two

organelles. Triphenyphosphonium ion was envisioned as the mitochondrial targeting moeity.>

1. Vinkenborg, Ja. L.; Nicolson, T. J.; Bellomo, E. A.; Koay, M. S.; Rutter, G. A.; Merkx, M. Nat. Meth.
6, 737-740.

2. Colvin, R. A.; Holmes, W. R.; Fontaine, C. P.; Maret, W. Metallomic, 2010, 2, 306-317.

3. Dickinson, B. C.; Chang, C. J. J. Am. Chem. Soc. 2008, 130, 9638.
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Highly Environmentally Benign Protocol for Synthesis of
Quinazolinones via Aerobic Oxidation in DMSO

Heta

e

SEEETE L

Quinazolinones are very important scaffolds in biologically and pharmacologically compounds, natural

products, and materials science. Consequently, great efforts have been made to develop efficient methods

for the synthesis of these important building blocks. However, the methods previously developed have

some limitations, such as the need to use stoichiomeric or super-stoichiomeric amounts of reagents, harsh

reaction conditions, production of a considerable amount of waste, and expensive separation process.

Thus, it is desired to develop more efficient methods for the preparation of quinazolinones. Herein, we

would like to present our recent development for the efficient synthesis of quinazolinones via aerobic

oxidation in DMSO without any need of bases and metal co-oxidants. In addition, this protocol was

further extended to the synthesis of 2,3-disubstituted quinazolinone derivatives. Since this protocol does

not use any other oxidants and metal catalyst and generated water as the only by-product, we further

applied the resulting quinazolinones to further transformation.



tj3t3]8l3] #1123 23] % &= 273 (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t

o
s

: ¥ CECO

e
=]
2

=:ORGN.O-6

e
=]
Me

of: Oral Presentation for Young Organic Chemists

=
=21
o\
3

TR, TEUA F 11:15, G o] A%

Stereoselective Etherification and Asymmetric Synthesis of
Furanomycin from Chiral Aziridines

AAE HAZ ol AP

o] ol st 58la) 1A el 5o

The L-(+)-furanomycin as an antibiotic natural amino acid bearing 3,4-dihydrofuran was isolated from
the Streptomyces threomycerius with antibacterial activity against microorganism such as E. coli,
Bacillus subtilis and several Salmonella- and Shigella strains. We synthesized furanomycin and its
analogues such as norfuranomycin and 5’-ethylnorfuranomycin via the ring-closing metathesis of the
diallyl ethers which were generated from the highly stereoselective etherification of branched alkyl part

of the requisite ether from chiral aziridine-2-carboxylate.

SEEEL Precursor of side chain Gy Pd-catalyzed Allylic
“Me ., "/ through FGT K Etherification

: . , NH;

! "\ to \\ 7 |2
/Ph” N 4| 3  — 'HO /'\a' 20
" £ “OEt: O 1% s
.\ ot \\ i \\ O . "::“—'Z./

Fh, 2 Regioselective / e ™
Precursor of amino acid Aziridine ring-openning RCM

R= -H, -CH3, -CHQCH3
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Summary on Development of Acetylcholinesterase Reactivators —
antidotes against nerve agents

Kamil Kuca“ Kamil Musilek Jiri Kassa Daniel Jun Jana Zdarova-Karasova Ondrej
Soukup Martina Hrabinova Jan Marek Jan Korabecny Vendula Sepsova Rafael Dolezal*
Martin Kunes

Faculty of Military Health Sciences, University of Defence, Hradec Kralove, Czech

Republic 'Biomedical Research Center, University Hospital Hradec Kralove, Czech Republic

No clinically used acetylcholinesterase (AChE) reactivators (pralidoxime, obidoxime, trimedoxime,
MMB-4 and HI-6) can be used as a universal antidote for treatment of nerve agent intoxications.
Although oxime HI-6 seems to be the best AChE reactivator, its potency to reactivate tabun and OP-
pesticide inhibited AChE is limited. Due to this, hundreds of novel oxime candidates were synthesized
and tested for their potency to reactivate nerve agent and OP-pesticide inhibited AChE within last ten
years at our department. Two candidates were selected as the most promising reactivators — oxime K027
(against pesticides) and oxime K203 (against tabun). Both compounds together with oxime HI-6 DMS are
currently of our high interest and are well investigated in Czech Republic for their potential military and
civilian use. In this contribution, summary on results obtained with these compounds will be presented.
This work was supported by the grant of Ministry of Health (Czech Republic) No. NT12062 and A long

— term organization development plan 1011
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Hybrid Dielectric Materials for Unconventional Electronic Circuitry

Recent advances in semiconductor performance afforded by organic n-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. High-k inorganics such as hafnium dioxide (HfO2) or
zirconium dioxide (ZrO2) offer some improvements in device performance, but these materials must be
very thick to avoid leakage and are difficult to deposit as smooth films on plastics due to high process
temperature. Conventional organic/polymeric materials are readily accessible and solution processable.
However, these materials exhibit low capacitances, and the corresponding TFTs operate consequently at
relatively high voltages. 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 self-assembled multilayers has emerged. In this presentation, we introduce novel organic-inorganic
hybrid gate dielectrics, fabricated by self-assembled multilayer deposition, and its application with
unconventional semiconductors. We first present an overview of hybrid dielectric materials for thin-film
transistor (TFTs). We next describe the design, fabrication, and applications of solution-deposited
organic-inorganic hybrid multilayers, using self-assembly techniques which provide chemical bonding

between organic-inorganic layers.
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Nonlinear optical glass fibers and thin films for IR applications

39
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Obtaining a new coherent beam of tunable light frequencies is of great importance. Nonlinear optical
(NLO) phenomena such as second harmonic and difference frequency generation (SHG and DFG,
respectively) are effective at producing a coherent laser in difficult to reach frequency regions of the
electromagnetic spectrum. Tunable and coherent IR laser sources in the region of the spectrum between
2-12 pm are especially in high demand. These include remote sensing organic and inorganic molecules
for homeland security and environmental monitoring applications as well as minimally invasive medical
surgery, and direct imaging of anisotropic biological structures in tissues, cell metabolism and disease
states.A main challenge for NLO applications is the costly, lengthy, and labor-intensive process of
growing large optical quality single crystals. It is also difficult to fabricate fibers and films of the
materials, though many applications require them. Despite excellent formability and inexpensive
processing cost, glasses ordinarily lack a second-order optical nonlinearity because of the presence of
inversion symmetry at the macroscopic level.In this talk, | will discuss a new concept to prepare strong
NLO bulk glasses, fibers, and thin films utilizing noncentrosymmetric phase-change materials without
poling. Because of the phase-change behavior of these materials, NLO glass fibers and thin films can
convert to crystalline counterparts when annealed, resulting in a huge boost of their NLO properties while
maintaining their shape. This approach points to a path that may circumvent some bottlenecks in the

practical use of inorganic NLO materials.
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Gold Nanoparticles of lonic Liquid Type Purpurin-18 Derivatives for
Photodynamic Therapy

4" olH@ g7
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Photodynamic therapy (PDT) is a promising cancer treatment by using a combination of light,
photosensitizer (PS) and oxygen. Generally, most of the PSs are hydrophobic, which may afford
disadvantages to make the PSs insoluble under physiological conditions and hinders to reach the
accumulation in the tumor sites. For clinical application it is very important to keep suitable
hydrophobic/hydrophilic balance of PSs, for which use of gold nanoparticles (GNPs) and ionic liquids
type PS (ILPSs) may help PSs capable of increased solubility in aqueous system as well as support
attachment of PSs on GNPs surface through stable electrostatic interactions between ILs and PSs.In this
work, we used hydrophilic ILPS1 and Au(l1l) without any additional reducing agents and surfactants. The
hydroxyl groups of N-methyl-D-glucamine (NMGA) in ILPS1 have important roles as a reducing agent
as well as a stabilizer through the electrically charged functional groups (i.e. carboxylate and amine
groups) in forming the PS?GNPs complex 1. Also PS?GNPs complexes 1?5 were prepared from the
reaction of different molar ratios between Au(lll) and ILPS1 (complex 1, 1:2; 2, 1:4; 3, 1:6; 4, 1:8; 5,
1:10, Au(l):1LPS1) in water to afford different particle sizes and shapes. Finally, different kind of ILs,
such as morpholinium, cholinium, imidazolium, and ammonium type, of Pu-18 (ILPSs 2?5) were used to
prepare PS?GNPs complexes 6?9 and their PDT effect was investigated. The PS?GNPs complexes
showed higher cell viability compared to the corresponding free ILPSs, respectively, due to higher cell
penetration based on excellent delivery effect of the GNPs, and relative PDT activity difference among

the complexes was depend on the property of the ILPSs (e.g. different reduction strength of Au(lll)).



H;0 1 acedane @
il | 8
2 hi 25°C

@
I <

IL-FS-GHPs

Dark

Light:

IL1-PS

IL1-PS

IL1-PS-GINFs

IT1-P5-GNPs



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]

= MAT.O-4

e
=]
Me

oF: Current Trends in Materials Chemistry

=
=21
o\
3

TR, TEYAL F 1100, FH o] F A

A design strategy for light-responsive palladium complexes
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Nagoya University, Japan

We report the important determinants of stabilizing azobenzene-based palladium complexes capable of
undergoing repeated light-triggered conformation changes. Inspired by highly warped palladium
complexes with distorted azobenzene ligands, three different types of azobenzene ligands were chosen to
modify both the molecular structure and the solubility of the azobenzenes in organic solvents. Single-
crystal X-ray structure analyses were carried out for ortho-alkylated azobenzene (ortho-Az: 1b), meta-
alkylated azobenzene (meta-Az: 2b) and PdCI2(ortho-Az)2 (1-Pd). Whereas both 2b and 3 had planar
structures, ortho-alkylated 1b was highly distorted by 68.06° from planarity. In stark contrast to
PdCI2(meta-Az)2 (2-Pd) and PdCI2(Az)2 (3-Pd), which were quickly dissociated in organic solvents, 1-
Pd was very stable in nonpolar solvents. 1-Pd underwent repeated conformation changes under alternating
UV and visible light irradiation. The breaking rate of the N:—Pd bond increased in the order of benzene ?
dichloromethane < acetone < DMF, with more polar solvents inducing faster dissociation. The solvent
polarity effect on the stability of azobenzene-based complexes can be interpreted in terms of the degree of
polarization of the metal-ligand bond formed as a consequence of interactions between the palladium ion

as a soft acid and azobenzene nitrogen as a hard base.
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Ultrasmall iron oxide nanoparticles: Synthesis, biomedical application,
and characterization by mass spectrometry

Ultrasmall iron oxide nanoparticles exhibited very interesting magnetic properties and investigated as
high-resolution blood pool T1 MRI contrast agents. We also proposed the use of MALDI-TOF MS to
accurately characterize the sizes and size distributions of < 5 nm iron oxide nanoparticles. We have
devised an equation whereby the mass data can be easily converted to size information. The converted
size distribution data distinguished size differences as small as 0.1 nm, which is very difficult to achieve
with conventional techniques, and the method was successfully applied to study the growth mechanism of

nonfluorescent iron oxide nanoparticles.
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Surface Plasmon Induced Enhancement in F?rster Resonance Energy
Transfer Based Light Emission in Hybrid QDs-Dye Systems

Saji Thomas °]#% o9y #AE3}
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F?rster resonance energy transfer (FRET) is a nonradiative energy transfer from the excited state donor to
the ground state acceptor by dipole-dipole interactions. The advantages of FRET can be effectively used
in optoelectronics and photovoltaic devices. FRET efficiency is strongly influenced by spectral overlap
and separation distance between donors and acceptors. Quantum dots (QDs) are considered as very useful
donors in FRET due to the simplicity to tune their optical properties by changing their size. Nevertheless,
due to the distance dependence on FRET, the efficiency of FRET is limited. Presence of plasmonic metals
nanoparticles (NPs) in the vicinity of QDs can either quench or enhance the intensity of emission of QDs,
which is mainly dependent on the size and distance from the QDs. A close contact between QDs and
metal NPs leads to direct energy transfer (DET) from metal to QDs, resulting in the quenching of
emission, whereas plasmonic resonance energy transfer (RET) from metal NPs to QDs overweighs the
DET if the metal NPs and QDs are separated by a thin insulating layer. This eventually enhances the
emission of donor, i.e., QDs, and the improved emission energy of the donor can be transferred to the
acceptor via FRET. Therefore, an improved emission from the acceptor induced by RET is expected.Here,
we study the RET induced enhancement in FRET between CdSe QDs and Sulforhodamine101 dye using
gold (Au) NPs as a probe to study RET. A core-shell type nanostructure was prepared by first coating Au
NPs with thin shell of silica followed by decorating the silica surface with CdSe QDs. This core-shell
structure was again coated with a second shell of silica, onto which dye molecules are adsorbed. The first
shell of silica acts as the spacer between Au and QDs and second as the spacer between QDs and dye. The
thickness of both the shells was varied to define the optimum distance for effective RET and
FRET.Transmission electron microscopy was used for the structural analysis of core-shell nanostructures.

Photoluminescence (PL) spectra and steady-state florescence spectra were used to study the enhanced



FRET and change in life time of QDs, respectively. In the first step, RET from Au NPs was studied using
PL spectra and it was observed that the emission intensity of CdSe QDs was enhanced in the presence of
Au NPs. In the second step, concurrent RET and FRET phenomena in Au@SiO2@QD@SiO2@Dye
nanostructures were studied. The result was then compared with the QD@SiO2@Dye core-shell structure.
It was observed that efficiency of FRET is significantly improved in the presence of Au NPs, showing the

effective transfer of surface plasmon resonance energy from Au NPs to the QDs.
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Fabrication of nanostructured heterophase Bi,Tes/Bi,OsTe and their
thermoelectric properties

A3ty MY AR
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We report a facile method for the fabrication of heterophase Bi,Tes/Bi,OsTe nanostructured bulk
thermoelectric materials via a simple route involving solution process and spark plasma sintering (SPS).
Highly uniform Cu-doped Bi,Te; and undoped Bi,Tes nanostructures are initially synthesized through a
simple and fast solution process by using ultrathin Te nanowires as sacrificial templates. Upon SPS
consolidation of both types of Bi,Te; nanostructures, only Cu-doped Bi,Te; nanorods are transformed to
nanoscale heterostructured phase with Bi,Te; nanograins and Bi,OsTe interfaces after sintering. Unlike
undoped Bi,Tes, Bi,Tes/Bi,OsTe heterophase nanostructured bulk sample shows drastically reduced
thermal conductivity due to the synergetic effect of nanosize and grain boundaries through phonon
scattering and energy-barrier scattering. As a result, the ZT value of Bi,Tes/Bi,OsTe heterophase is
significantly enhanced (ZT ~ 0.68 at 418K). This approach can be considered as a simple way to

manufacture heterostructure in the matrix, thus enhancing thermoelectric figure of merit.
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Electrochemical Glucose Sensors Based on an lonic Liquid of a Gold
Nanocluster

4FE o5’

lonic liquids have found many applications in electrochemical sensors due to their ionic conductivity and
electrochemical stability over wide potential window. In particular, lonic liquids maintain the bioactivity
of enzymes and reaction rate that makes them ideally suited for the development of biosensors. In this
talk, we present that a stable molten salt of a quantum-sized gold nanocluster can be prepared by ion-
pairing of a Auys nanocluster protected with (3-mercaptopropyl)sulfonate with ionic liquid, 1-decyl-3-
methylimidazolium, and its application for the detecton of glucose based on its unique electrochemical
and biocompatible properties. To prepare electrochemical biosensor, the glucose oxidase (GOx) was
immobilized in the Auys molten salt, which was subsequently cast on a glassy carbon electrode to form
modified electrodes. The cyclic voltammogram of the modified electrode exhibited well-defined and

L and Auy™. The electrochemical sensor showed

reversible redox peaks corresponding to Aups”
dramatic enhancements in the anodic and cathodic peak currents upon the addition of glucose. The
electron transfer dynamics in the modified electrode was investigated as a function of Au,s, which
manifests the dual role of Au,s as redox mediators as well as electronic conductors controlling the sensing
sensitivity. In addition, the fact that redox peak currents were increased as the addition of GOx suggests

the Au,s molten salt acts as an excellent support for the enzymatic reaction.
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Electrodeposition of Triangular Rod Pd nanostructures and Their
Electrocatalytic and SERS Activities

A58 39

Electrocatalytic and surface enhanced Raman scattering (SERS) activity were investigated at palladium
nanostructures electrodeposited on Au surfaces. Scanning electron microscopic and transmission electron
microscope images show that the Pd nanostructures contain unique triangular rod shape. Triangular rod
Pd structures exhibit highly electrocatalytic activity for oxygen reduction reaction (ORR) and methanol
oxidation. Cathodic peak potential for ORR on triangular Pd is observed at ~200 mV more positive
potential than that on the bare Pd surfaces. It was similar to bare Pt electrode. The anodic peak current for
methanol oxidation is greater than bare Pd electrode. Moreover, triangular rod Pd provided efficient
SERS activities. The SERS enhancement factor was estimated to be greater than 1600. The unique
morphology and surface orientation of triangular Pd demonstrate high electrocatalytic activities and
efficient SERS activities. [This research was financially supported by the Ministry of Education (MOE)
and National Research Foundation of Korea (NRF) through the Human Resource Training Project for

Regional Innovation (No. 2012H1B8A2026112)]
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Hollow TiN Nanowires Array Prepared via Nanoscale Kirkendall
Effect for an Electrode Substrate in Supercapacitor Application

*

St s

The development of an electrode substrate with large surface area and high electrical conductivity is of

great importance for highly efficient electrochemical devices. We synthesized a noble substrate, hollow

TiN nanowires array, which can meet the demand for the ideal substrate. Single crystalline, rutile TiO,

nanowires integrated on carbon paper were transformed into polycrystalline, hollow TiN during a hot

nitridation process. Our in-depth investigation revealed that this transformation took places via nanoscale

Kirkendall effect. As the TiN nanowires array had a large surface area, high electrical conductivity and

mechanical stability, it would be potentially useful in the electrode substrate for energy storage devices

such as supercapacitors. When employed as substrate for Ni(OH), in suparcapacitor application, the TiN

nanowires array exhibited a superior performance than tis counterparts.
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Photocatalytic Reduction of Azobenzene Using ZnO - Noble Metal
Nanoparticles Composites

AAE o]FL”

A A e}l 3] sfF

This presentation describes metal effect on the catalytic activities of ZnO nanoparticles coated with noble
metal nanoparticles with diameters of 2.4nm (metal = Au, Ag, Pd, and Pt).The ZnO-metal composites
were prepared by anchoring glutathione-protected metal nanoparticles on ZnO surface and photocatalytic
experiments were conducted with composite colloids under UV-vis light (A>320 nm) in a deaerated 1:1
(v/v) EtOH-H,0 medium.The photocatalytic activity of bare ZnO was found negligible, comparing with
ZnO-noble metal composites for reduction of azobenzene. The photolysis time(ty,;) corresponding to 50%
reduction of azobenzene was 1.5 min with ZnO-Pd composites which was at least 10 times higher than
that of ZnO-other noble metal composites. Similar metal effects have been found in electrocatalytic
measurements. In trifluoroacetic acid medium, current reached to 550 A and 450 pA for ZnO-Pt and
ZnO-Pd which are 5 fold higher than that of ZnO-Au and ZnO-Ag. Through product analysis of
photocatalytic measurements, it was observed that azobenzene has been reduced to hydrazobenzene,
accompanying with 2 electron and 2 proton transfer, which is called hydrogenation reaction. It is known
that proton is easy to bind with Pd and Pt, and its bonding strength is proper for catalytic hydrogenation.
These results demonstrate that the photolysis activity of the composites can be controlled by metal
nanoparticles, and the proton is playing an important role in catalytic reduction of azobenzene using ZnO-

noble metal composites.
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Chitosan based redox polymers for electrochemical sensing platform

Harishchandra D. Jirimali 214"

Al etul 8} 87 vfo] © 533 &Iy Al st 5] 3}

Chitosan is a bio-polymer obtained from the partial deacetylation of the chitin which is major component
of the shells of the crustaceans like crabs, shrimps. Chitosan possess plenty of free amine and hydroxyl
groups which can be used for immobilization of redox moieties. Chitosan crosslinked osmium polymer
(PVP-0s) via glutaraldehyde is prepared and used for the electrode modification. Chitosan-PVP-Os film
electrode shows enhanced electrochemical properties. Enzyme immobilized in the chitosan / PVP-OS
composite shows enhanced catalytic performance for the glucose sensing. Hydroquinone derivatives
linked to free amine of chitosan are synthesized and its nanocomposite with the carbon nanoparticles is
prepared. The nanocomposite modified electrode shows selective ascorbic acid detection at lower
overpotential. The catechol link chitosan composite shows the NADH detection at lower overpotential
with high sensitivity. Metal salen complexes of the Fe, Cu and Ni were linked to chitosan and their
composites modified electrode shows hydrogen peroxide sensing. Simple methods of preparations,
formation of stable nanocomposite film makes chitosan as an important polymeric biosensing platform.
References

[1] Harishchandra Digambar Jirimali, Rajaram Krishna Nagarale, Durai Saravanakumar, Jong Myung Lee,
Woonsup Shin. Carbohydrate Polymers 2013, 92, 641?644.

[2] Harishchandra Digambar Jirimali, Rajaram Krishna Nagarale, Jong Myung Lee, Durai Saravanakumar,
Woonsup Shin. ChemPhysChem 2013, 14, 2232-2236.
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Tuning of the electrocatalytic activities of Au electrodes

Dutta Gorachand %3f4]"
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Much effort has been devoted to achieving high activities via morphology or composition control and/or
via thermal, cathodic, or chemical treatment. Nevertheless, the dependence of electrocatalytic activities
on aging has never been investigated. If electrocatalytic activities of nanomaterials or bulk electrodes
change with aging, the activities measured just after their preparation or pretreatment does not represent
normal ones. The electrocatalytic activities of Au electrodes are enhanced by NaBH, treatment (dipping
electrodes in NaBH, solution), mechanical polishing or by piranha treatment. However, the enhanced
activities slowly decrease with aging. Moreover, Au nanoparticles freshly prepared also show high
electrocatalytic activities, but the activities slowly decrease with aging both in air and in solution. This
deactivation becomes faster by treatment with Fenton’s reagent on gold electrode. The electron-transfer
rate and surface roughness of Au electrodes can be decreased simply by ultrasonic treatment. It seems that
the hydroxyl radical generated during ultrasonic treatment plays an important role, as in the case of

treatment with Fenton’s reagent.
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Spatially Selective Electroplating on Native Oxide-Covered
Amorphous Hydrogenated Silicon by Localized lllumination

Electrodeposition on photoconductive amorphous hydrogenated silicon (a-Si:H) by localized illumination

demonstrated. It is conventionally believed that the electrochemical fabrication of two-dimensional

patterns needs pre-patterned electrodes or masks, and that the native oxide layer on Si substrates, which

acts as an insulating barrier, should be carefully removed before the electrochemical processes. In this

work, we show the electrochemical dot patterning of amorphous MoO,S, and nanoparticles of Pt and

CdSe, which were stable without any stabilizer and exhibited good adhesion to the oxide surface of a-

Si:H. This process required neither pre-patterned electrodes nor masks. Photoelectrochemical

measurements and electrochemical impedance spectroscopy revealed that electrochemical reduction in

the presence of the native oxide film without etching to remove the oxide layer can be tuned via the

potential applied, the duration of the potential pulse, and the pH of the electrolyte.
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Electrochemical investigation of the electrolyte with binary redox
couples for high-voltage dye-sensitized solar cells (DSSCs)

NaraYan ChanDra Deb ©] &) &

Aietin s s e L Fetn 2835

The redox electrolyte is one of the key components of the DSSC and its properties have great influence
on both the efficiency and stability of the devices. The difference between the quasi-Fermi level of TiO2
photoelectrode under illumination and the redox energy level of the electrolyte is considered as the
theoretical maximum value of open-circuit voltage (Voc). Since, Voc is highly dependent on the
electrochemical potential of redox couple in the electrolyte, a number of redox mediators including
bromine, pseudohalogens, organic redox couples, and cobalt-complex redox couples have been studied to
replace 1?/13? couple for higher Voc. Meanwhile, a redox couple of more positive potential is expected to
offer a larger value of Voc, none of them were successful in rivaling 1?/13? in reaching a higher
photovoltaic performance mostly due to the significant retardation of dye regeneration. In this view, we
have prepared and characterized a series of novel electrolytes with binary redox couples for high-voltage
DSSCs. It was found that the additional interhalogen/pseudo-interhalogen based redox ion, 12Br-, I2SCN-
can be formed by both chemically and electrochemically in 1-/13- based classical system. It was found to
produce extra redox pairs, (1?,Br?)/12Br?, and (1?,SCN?)/12SCN? with new energy states at a more
positive potential than that of 17/13?. The Fermi levels of those electrolytes shifted positively by the
weighted-average of the two redox systems. They induced the increase of Voc up to 30, 60, and 50 mV
for N719, Ruthenizer 505, and eosin Y dyes, respectively, which, eventually, resulted in the enhancement
of the overall power conversion efficiency (?) up to 8, 14, and 13%, respectively. This study offers a very
promising strategy to develop a novel electrolyte of which the energy level can be controlled by
introducing an additional redox species with more positive potentials without compromising the rate of

regeneration of dyes.
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One-dimensional AgX Nanowires/Nanotubes for Sunlight-driven
Nanophotocatalysts with High Performance

M o]t H YA

%

Wt §§515 7 )2 A dFAH

Our study proposes a novel strategy for the synthesis of Ag derivatives (AgX@Ag (X = Cl and Br) or Ag

nano/microtubes) using the controlled chemical reduction or electron-beam irradiation of AgX nanowires

(NWs), which were formed from the controlled dewetting of a AgX thin film on colloidal particles. The

size of the AgX@Ag and Ag nano/microtubes can be controlled using the AgClI NWs as templates and

varying the concentration of NaX. By controlling the concentration of NaBr, heterojunction-structured

AgCIl/AgBr NWs (H-AgCl/AgBr NWSs) can be produced from the AgCl NWs due to a partial ion-

exchange reaction (low concentration), and the AgBr NWSs produced after a complete ion-exchange

reaction between CI- and Br- were further grown into micrometer-sized AgBr wires (high concentration).

The resulting AgX NWs can be transformed into corresponding AgX@Ag or Ag nano/microtubes via a

controlled chemical or physical method. The AgX derivatives (AgX@Ag nanotubes (NTs) and AgX

NWSs) were tested as visible-light-induced photocatalysts for decomposition of methyl orange.
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Rattle-typed hierarchical particles containing multilevel of cores
(Ag@AQCI@SiO2 and Au/Ag@AgCI@SiO2) for versatile
nanocatalysts

*

DoXuanHuy ©]3}2" J QAL

%

Wit §§518 7 )2 A7 AFAH

A novel protocol for the synthesis of rattle-typed core@shell particles containing Ag@AgCl or
Au/Ag@AQCI core structures has been introduced, and their use as catalysts for decomposing toxic
materials has been demonstrated. A monometallic Ag or bimetallic Au/Ag core was incorporated into the
interior of SiO2 capsules via controlled heat treatment of the metal nanoparticle/SiO2-coated polymer
particles and it resulted in the formation of rattle-typed core@shell structures. By appropriate treatment, it
was possible to transform the Ag or Au/Ag core into the multilevel of core (Ag@AgCI or Au/Ag@AgCI)
within the SiO2 capsules (Ag@AgCI@SiO2 or Au/Ag@AgCI@SiO2). This novel method for rattle-
typed core@shell particles is useful for further introducing AgCl fused with plasmonic materials into the
capsule structures. The rattle-typed core@shell structures have been firstly used as photocatalysts for
decomposition of organic pollutants such as methtyl orange. Furthermore, nanocatalyst incorporated
semiconductor such as AgX also newly applied for reduction of nitrophenol (NPh) to aminophenol (APh).
The Ag@AgCI@SiO2 or Au/Ag@AgCI@SiO2 catalysts showed excellent catalytic properties for the

decomposition of toxic substances in terms of their activities and reuses.
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Organic nonvolatile memory transistors with polymer energy well

structure
25 U ol BE AT
gojsta gorore LE T ok 39

Organic memory devices have recently attracted keen attention because of their potential for next
generation electronic memory that requires ultrathin, lightweight, flexible and diverse shaped features. In
addition, organic memory devices are expected to be cost-effectively manufactured if whole fabrication
step is carried out using roll-to-roll (R2R) processes at room temperature. Various types of organic
memory devices have been reported so far, but two major structures (resistor-type and transistor-type)
have been extensively studied. Considering the simplified device structure in the integrated circuits,
transistor-type memory devices have attractive merits over the resistor-type devices. Very recently we
invented new category of transistor-type memory devices with a polymer energy well structure that is
formed by sandwiching high k polymer nanolayer between low k nanolayers for stable storage of charge
carriers. The detailed working principle and outstanding retention characteristics will be discussed in this
presentation.Organic memory devices have recently attracted keen attention because of their potential for
next generation electronic memory that requires ultrathin, lightweight, flexible and diverse shaped
features. In addition, organic memory devices are expected to be cost-effectively manufactured if whole
fabrication step is carried out using roll-to-roll (R2R) processes at room temperature. Various types of
organic memory devices have been reported so far, but two major structures (resistor-type and transistor-
type) have been extensively studied. Considering the simplified device structure in the integrated circuits,
transistor-type memory devices have attractive merits over the resistor-type devices. Very recently we
invented new category of transistor-type memory devices with a polymer energy well structure that is
formed by sandwiching high k polymer nanolayer between low k nanolayers for stable storage of charge
carriers. The detailed working principle and outstanding retention characteristics will be discussed in this

presentation.
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Effect of Co-Vapors on the Microstructures of Polypyrrole Grown by
Vapor-Deposition Polymerization

We have investigated the effect of co-vapors on the microstructures of polypyrrole (PPy) obtained via
vapor-deposition polymerization. Co-vapors, such as short-chain alcohols and alkanes, were introduced
with pyrrole monomer together into a reaction chamber. The resulting polymers were characterized by
electron microscopies to obtain information about their microstructures. Interestingly it was found that the
microstructures of the PPy were highly influenced by the nature of the co-vapors used. Therefore, it is
expected that judicious choice of co-vapors in vapor-deposition polymerization can allow control over the

structural properties of polymers.
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Synthesis of Reactive Energetic Plasticizers with Clickable
Functionality to Control Processing Properties of Castable PBX's

P 1*
A%3 ARA
TIPS T L 423 T S 4R 2

Plasticizers are additives widely used in the polymer industry. Generally, they are known to improve
processability by lowering the viscosity during the formulation as well as impart low temperature
flexibility by lowering the glass transition temperature of the polymers. For specific applications in the
field of high energy materials, energetic functional groups such as azido, nitro and difluoramine groups
have been introduced in the plasticizers, known as energetic plasticizers. It has been one of major issue,
especially in the field of high energy materials, to provide energetic plasticizers with new concepts.
Hence, this research focuses on the design, synthesis and characterization of reactive energetic
plasticizers and their application to polyurethane binders in the formulations castable plastic bonded
explosives(PBXs).The reactive energetic plasticizers are synthesized by using either the aldol
condensation reaction of alcohol compounds and formaldehyde catalyzed with Lewis acid, or the
esterification between corresponding alcohols and carboxylic acids compounds. Structural integrity of the
synthesized reactive energetic plasticizer is identified by using elemental analyzer, GC-Mass, 1H and 13C
NMR. Plasticization performance and click reaction using reactive energetic plasticizers are also
investigated. These results indicate that these reactive energetic plasticizers work properly as a general
plasticizer in the beginning of the formation, preferably, of alkyne groups in the plasticizer and azide

groups in the prepolymer.
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The sulfamate-Conjugated pH-Responsive Block Copolymers
A3 o|¥FY”
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We successfully synthesized pH-Responsive block copolymers based on sulfamate-derivatized
groups.Poly(HEMA-TMS) was extended from PEO macroinitiator via atom transfer radical
polymerization (ATRP), resulting in PEO-b-PHEMA-TMS. TMS groups were deprotected in the
presence of KF, and in situ transformed to amino sulfamate groups. The resulting block copolymer was
functionalized with trityl groups. This block copolymer can self-assemble into spherical aggregates under
physiological conditions. Due to the unique pH-responsive nature of the sulfamate bond, the spherical
aggregates can be formed and dissociated reversibly in response to small pH fluctuations in the

physiologically accessible range; this leads to self-assembly and disassembly of the aggregates.
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Novel Thermoresponsive Fluorinated Double-Hydrophilic Poly{[N-
(2,2-difluoroethyl)acrylamide]-b-[N-(2-fluoroethyl)acrylamide]} Block
Copolymers

A o|gL”

ol

&k

<

2
<

7}

Novel thermoresponsive double-hydrophilic fluorinated block copolymers were successfully synthesized
by reversible addition-fragmentation chain transfer (RAFT) polymerization. Poly[N-(2,2-
difluoroethyl)acrylamide] (P2F) was synthesized via RAFT polymerization of N-(2,2-
difluoroethyl)acrylamide (M2F) using 2-dodecylsulfanylthiocarbo-nylsulfanyl-2-methylpropionic acid
(DMP) as the chain transfer agent (CTA) and 2,2'-azobisisobutyronitrile (AIBN) as the initiator. The
resulting P2F macroCTA was further chain extended with N-(2-fluoroethyl)acrylamide (M1F) toyield
poly{[N-(2,2-difluoroethyl)acrylamide]-b-[N-(2-fluoroethyl)acrylamide]} (P2F-b-P1F) block copolymers
with different lengths of the P1F block. Molecular weight and molecular weight distribution were
determined by gel permeation chromatography (GPC). The average molecular weight (Mn) of the
resulting polymers ranged from 2.9 x 10* to 5.8 x 10" depending on the length of the P1F block. The
molecular weight distribution was low (Mw / Mn = 1.11 ~ 1.19). Turbidimetry by UV-vis spectroscopy,
dynamic light scattering (DLS), and in situ temperature-dependent *H-NMR measurements demonstrated
that the P2F block underwent a thermal transition from hydrophilic to hydrophobic, which in turn induced
self-assembly from unimers to aggregates. Transmission electron microscopy (TEM) studies
demonstrated that polymeric aggregates formed from an aqueous solution of P2F-b-P1F at 60 °C were
disrupted by cooling down to 20 °C and regenerated by heating to 60 °C.Temperature-triggered release of

a model hydrophobic drug, coumarin 102, was also demonstrated.
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Cross-linkable Polynorbornene Terpolymer with Carbazole Host,
Ir(111) Emitter, and Styrene Side Groups
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Vinyl addition terpolymerization of norbornene monomers functionalized with 9,9'-(1,1'-biphenyl)-4,4'-

diylbis-9H-carbazole (CBP), (ppy).lr(acac), or styrene (NB-SM) side groups has been investigated to

produce polynorbornene terpolymers with pendant CBP host, Ir(l11) emitter, and SM groups by use of

Pd(1l) catalyst. The catalytic system efficiently leads to soluble copolymers with a controlled amount of

Ir(111) moiety. Depending on the content of Ir(I11) moiety, the intensity of phosphorescence band was also

changed. When exposed to thermal annealing of the polymer film, almost complete crosslinking of

polymer chains through the styrene groups occurred, affording an insoluble film. Details of synthesis,

characterization, photophysical property, and thermal crosslinking behavior of the terpolymers will be

presented.
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Three-Dimensional Carbon Nano-hybrids with an Opended Structure
for Energy Storage Application

We have explored the effect of nanofibers intercalation on the microstructure of graphene sheets. The
nanofibers intercalation was readily achieved in solution phase via van der Waals interactions, and the
resulting nano-hybrids were characterized by scanning electron microscopy. It was found that the
nanofibers intercalation prevented the irreversible aggregation of graphene sheets and allowed an opened
microstructure inside the nano-hybrids. It is expected that these structural characteristics will make the
nano-hybrids promising candidates for applications in various fields, such as composites,

separation/filtration, and energy devices.
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Synthesis of Adhesive Chitosan via Catechol Conjugation
AtE oA 7FAE
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Due to the importance of controlled release in oral drug delivery system, efforts have been made to
prolong the drug retention in vivo. Yet, drug adhesion to mucus and mucin present in the inner wall of
digestive system for satisfying retention time has been a challenging issue. With an overwhelming library
of tissue-adhesive polymers available, one practical way to improve adhesion is chemical modification of
the existing polymers. In this report, we synthesized sticky chitosan suitable for biomedical applications
via simple tethering of catechol groups which are abundantly found in the wet-resistant mussel adhesive
proteins. In vitro residual amount of chitosan-c showed four-fold enhancement compared to unmodified
chitosan and in vivo retention of chitosan-c was observed for more than 10 hours in stomach and intestine.
Our results indicate that conjugation of catechol moieties might be a facile and universal way to enhance

the intrinsic adhesive property of the existing polymers.



chitosan
OH °%
NH; NH;
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HO NH, 7
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Hydrocaffeic acid
pH5.0,12h, 1t




tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]
2

= POLY.P-14

of: aLE-A}8}s}

e
=]
Me

=
=21
o\

T XAH, 2R YA 4 16:00~19:00

Syntheses of Poly(glycidyl tetrazole-co-glycidyl triazole)s

AA 8 Ao} YGA" o) B

Triazoles and tetrazoles are nitrogen-rich compounds which have high heat of formation. So they have
used as explosive and gas generator. We designed polymer containing both triazole and tetrazole pendants
to obtain a good candidate for high energy density material (HEDM). Poly(glycidyl tetrazole-co-glycidyl
triazole)s (PGTTs) are synthesized by three steps reaction. First, poly(epichlorohydrin-co-glycidyl
tetrazole)s (PEGTS) are synthesized through reaction of PECH with various tetrazoles using NaOH in
DMSO. And then PEGTSs are reacted with sodium azide in DMSO to get PGATSs. Finally, PGATSs
converted to PGTTs by click reaction using various alkynes. The structures of PGTTs are confirmed by
IR, *H and **C NMR spectral analyses. Thermal properties of the PGTTs are evaluated using differential

scanning calorimetry(DSC).
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Photo-controlled fabrication of honeycomb-patterned films in poly(N-
vinylcarbazole/azobenzene) copolymer

A 5=y

oL L) 81t 1) 3 A] 2 ElF 5} ol ) il 2] 5

We have obtained a highly ordered honeycomb-patterned porous film by the help of UV illumination on
the fabrication of polymer solution by the breath figure process under humid conditions. For the photo-
controlled fabrication, a new type of UV-sensitive polymer that comprises N-vinylcarbazole and
azobenzene monomer, poly(N-vinycarbazole/4-[N’-(2-cyano-4-nitrophenyl)azo]-2,6-dimethylphenol
methacrylate, was synthesized and fabricated without addition of an amphiphilic copolymer necessary to
hold water droplets on the hydrophobic solution surface as an air-water interface stabilizer. Highly well-
ordered regular structure of honeycomb-patterned films was obtained by the illumination of UV light
during the fabrication. The effect of UV illumination on the fabrication of the polymer film can be
interpreted by the photo-switched isomerization of the azobenzene component in the copolymer from
trans- to cis-isomer, which increases the hydrophilicity of the polymer solution inducing the decrease of

interfacial tension of the polymer solution for the formation of uniform honeycomb pattern.
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Reversible Adsorption-Desorption Oscillations of Silver Nanoparticles
on aPatterned P(MMA-EG-NGO) Hydrogel Surface Induced by a pH
Oscillator in a ClosedChemical System

AA 3 =AY

QIA ) St Al 28 el Ao St 58}

Oscillatory adsorption-desorption of Ag nanoparticles on a pH-responsive hydrogel surface was induced
by a pH oscillator in a closed reaction system. The hydrogel surface was prepared as a honeycomb-
patterned using a honeycomb-patterned polystyrene as a template to speed up the response timein the
stimuli-responsive hydrogel. We composed P(MAA-EG-NGO) Hydrogel, that is pH-responsive
Hydrogel.The surface morphology and hydrophobic interaction of the patterned hydrogel surface were
significantly altered by the pH change of the aqueous solution that came into contact with the gel. The
surface of the hydrogel became hydrophobic for adsorption in a lower-pH solution but became
hydrophilic with decreased adsorptivity at higher pH conditions. A closed system chemical pH oscillator
composed of Na2S03-K4Fe(CN)6-NaHCO3 at 45C was applied to force the periodic adsorption-
desorption of Ag nanoparticles on the gel surface.The experimental conditions for the chemical oscillator
were optimized to obtainlong-lasting high-amplitude pH oscillations in a closed reactor system. The
periodic adsorption-desorption was proved to be induced by the periodic pH change in the solution,
although the two phenomena synchronized. That is, the periodic time was longer and the number of
oscillations was for the adsorption-desorption compared with the pH oscillations that occurred in the
solution state. the heterogeneous oscillations obtained in this study clearly suggested that the hydrophobic
interaction was reversibly changed in the patterned pH-responsive hydrogel surface, similar to various

biological systems in nature.
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Highly luminescent carbon dots derived from xylitol: Synthetic insights
and their biological application

Avke Afe Aole BHF

&1 8f 7] & o Sfa(UNIST) 21 of 1] <] & 5}

Fluorescent biological labels including fluorescent organic dyes, engineered proteins and semiconductor
guantum dots have received significant attention these days. Carbon dots (CDs) have recently emerged as
promising alternatives by virtue of their biocompatibility, low toxicity and high stability retaining
excellent optical properties. Herein, we present a facile microwave pyrolysis approach of preparing CDs
of controlled photoluminescence using biomass derived sugar alcohol, xylitol. We found that the critical
role of both surface passivation agent, ethylenediamine, and HCI additive during the synthesis of CDs in
controlling the luminescent properties. Xylitol-derived CDs exhibited bright luminescence and low
cytotoxicity in WI-38 cells and HeLa cells, demonstrating their potentials for biological imaging and

sensor application.
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Preparation of poly(styrene sulfonic acid)-grafted porous PTFE as a
substrate of reinforced composite fuel cell membrane

EEg NFD}
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In this study, poly(styrene sulfonic acid)-grafted porous polytetrafluoroethylene (PTFE) was prepared by
a simultaneous irradiation grafting of styrene monomer onto PTFE porous membrane and followed by
hydrolysis-condensation and sulfonation to provide hydrophilicity on the super-hydrophobic surface of
PTFE. The effects of the degree of grafting and ion exchange capacity of the grafted substrates on the
chemical, physical, and morphological properties such as contact angle, gurley number, surface images,

and tensile strength were investigated.
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Characterization of crosslinked SPEEK/1,4-butanediol membrane
prepared by an EB-irradiation method

$39 £FE AF2g
S Aol HPPAdel e FUBE AT

The crosslinked SPEEK/1,4-butanediol membranes were prepared by the radiation crosslinking of

SPEEK with various 1,4-butanediol contents. The crosslinked SPEEK/1,4-butanediol membranes can be

used to proton exchange membrane (PEM) for fuel cell applications. The crosslinked SPEEK/1,4-
butanediol membrane were investigated by FT-IR, TGA, DMA and SAXS instruments. The FT-IR was

used to confirm the sulfonation and crosslinking of the membranes. TGA results indicated that the initial

thermal degradation temperature was shifted to lower temperature with increase in the 1,4-butadiol

content. With increase in the 1,4-butanediol content, the DMA results observed that the cluster T, peak

area was decreased and SAXS peak maximum position shifted to lower g. It was suggested that the

degree of clustering in the crosslinked membrane was reduced with increase in the 1,4-butanediol content.

The proton conductivity of all the membrane was more than 102 S/cm.
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Preparation of crosslinked SPEEK/PVDF membrane using radiation

$A5 £24 AFH
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Poly(ether ether ketone) [PEEK] has many advantages such as thermal and chemical stability, solvent
resistance, high strength, and low cost. It has been widely used for industrial application. In this study,
crosslinked SPEEK/PVDF membranes were prepared using an EB-irrdiation method with various
contents of PVDF. The crosslinked SPEEK/PVDF membrane and non-crosslinked SPEEK/PVDF
membrane were investigated by using FT-IR, TGA, DMA, and DSC.
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Study of Organic/Inorganic Nanocomposite Hybrid Membrane
Prepared by Radiation Technology
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In this study, crosslinked nanocomposite SPEEK membranes with various contents of zirconium

phosphate [ZrP] particles ware prepared using an electron beam. The properties of the prepared

membranes such as the morphology, water uptake, and proton conductivity were measured. The SEM-

EDX results show that the ZrP particles were well distributed throughout the prepared membrane. The

water uptake and swelling ratio of the CSPEEK/ZrP membranes were increased with an increase in the

zirconium phosphate [ZrP] particle contents. The proton conductivity results show that the CSPEEK/ZrP

membranes exhibit an increased proton conductivity value compared to the CSPEEK membrane.
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lon chelated Polymeric Nanoparticles as a Multifunctional Drug
carrier for Cancer Therapy and imaging
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In this study, we have produced ion chelated polymeric nanoparticle for cancer imaging and therapy. lon

chelated polymeric nanoparticles were prepared using a solvent emulsion evaporation method to load

chlorin e6 (Ce6) and gadolinium (Gd*®). Loaded Ce6 molecules maintained their spectroscopic and

functional properties for near infrared fluorescence imaging and photodynamic therapy (PDT).

Gadolinium chelated hyaluronic acid coating on the PLGA particle surface and offered the functions of

magnetic resonance imaging (MRI). We characterized the physicochemical properties of nanoparticles,

efficacy of PDT , fluorescence and MRI imaging performance. These results suggest that ion chelated

polymeric nanoparticles have potential for effective cancer treatment and imaging.
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Introduction of sulfonic acid group onto a poly(vinylbenzyl chloride)-
grafted poly(ether ether ketone) film for fuel cell application
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Radiation-induced graft polymerization is known to be a useful method for preparing polymer electrolyte
membranes (PEM) for fuel cells. In this work, a poly(vinylbenzyl chloride)-grafted poly(ether ether
ketone) film was prepared using a radiation grafting method, and a sulfonic acid group was then
incorporated to give a fuel cell membrane. The successful incorporation of a sulfonic acid group was
confirmed through FT-IR and SEM-EDX. The physicochemical properties of the prepared membrane for

fuel cell application were also investigated.
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Optofluidic Microcapsulation of Quasi-Amorphous Photonic Materials
for Tunable Color Pixels

d21E 23 @A FIF

Self-assembly of colloidal nanoparticles have been extensively investigated not only as fundamental tools
for understanding crystallizations but also as building blocks for novel functional materials. Despite their
promising optical characteristics such as high reflectivity and broad color expression range, colloidal
photonic crystals have not been well investigated for a component of displays because of strong angle
dependent hue and poor processibility. Solution-phase colloidal photonic materials can provide ideal
solutions for these problems. Our group recently reported that the colloidal solutions exhibit strong
photonic colors at certain conditions without forming regular crystalline structure. The colloidal photonic
solutions (named with “quasi-amorphous photonic materials”) exhibit unique angle-independent photonic
colors, and which are highly tunable by electrochemical stimuli. In terms of the practical applications, the
microcapsulation of quasi-amorphous photonic materials are preferred for achieving easy processibility.
In this presentation, we report fabrication of the microcapsulated quasi-amorphous photonic materials by
using multi-channel microfluidic device, and their applications in photonic display pixels. We showed
that nanoparticles modified with conducting polymers are spontaneously assembled into isotropic
photonic structures in solution at sufficiently high concentration (15~25 wt%). Furthermore the resulting
quasi-amorphous photonic materials can be easily encapsulated into uniform double emulsion type
microcapsules by using multi-channel microfluidic device (d < 500 um). The microcapsulated photonic

pixels showed vivid photonic colors (400 nm < A < 650 nm) in response to the external electric field.
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Polyelectrolyte-Triggered Synthesis of AgBr Nanostructures with
Controlled Structures and Sizes
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Silver/Silver halide (Ag/AgX) has been considered as new visible light-driven photocatalyts owing to
good sensitivity to sunlight. The Ag/AgX catalysts display high photocatalytic activity and stability under
visible light irradiation due to the SPR of silver nanoparticles produced at the surface of AgX. Recently
substantial efforts have been focused on the synthesis of Ag/AgX photocatalysts with high performance
using facile and versatile methods. However, most of photocatalysts prepared by reported methods are
formlessness or spherical structure with irregular shape. Relatively little attention has been directed to
controlling structures of photocatalysts into well-defined structure. It has been well-known that
nanomaterials with well-defined structures can exhibit unique properties which are not observed in bulk
or nanomaterials with irregular structures. Herein, we report a novel approach for controlling structure
and size of AgX structures. We report CTAB-decorated AgBr microplates (MPs) that are obtained by
mixing silver precursor with hexadecyltrimethylammonium bromide (CTAB) under controlled conditions.
By appropriate polyelectrolytes (PEs) coating, it is able to transform structure of AgBr MPs into
submicrometer-sized spherical or cubic shape with controlled sizes. We believe that the PEs which
possess certain types of functional groups are the crucial factors that control the structure and size of the
AgBr MPs. The size and shape-controlled AgBr cubic NPs can be used as plasmonic photocatalysts for
the degradation of methylene orange (MO) dyes that are well known for toxic substances under sunlight

irradiation.
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Thickness effects on the sulfonation of polystyrene-grafted PFA film
with a highly cross-linked network

e
AF3 &F8

PFA films with various thicknesses were used as a backbone film for the radiation grafting of a

styrene/divinylbenzene mixture to give a polystyrene-grafted PFA film with a highly cross-linked

network. For sulfonation of the thicker grafted films, it was found that severe sulfonation conditions are

needed to provide enough sulfonic acid groups onto the films. The sulfonation process was monitored

through IEC and SEM-EDX measurements.
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Physical properties and phase transition of a tetrathiafulvalene
molecule
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As a result of attaching four flexible alkyl chains at the periphery of board-shaped molecule, a symmetric
tetrathiafulvalene-base molecule (symTTF11) was newly synthesized. Phase behaviors and physical
properties of symTTF11 were further investigated by the thermal, microscopic and scattering
experimental techniques. Their phase structures of columnar crystalline phase and a columnar smectic LC
phase were indentified. Since the assembled symTTF11 columns were well organized in the ordered layer
structures over a macroscopic domain in the columnar smectic LC phase, symTTF11 showed a good
charge carrier mobility, which was about two-order of magnitude faster than that in the columnar
crystalline phase. This work was mainly supported by Converging Research Center Program
(2013K000404), and Human Resource Training Project for Regional Innovation funded by the Ministry

of Education, Science, and Technology of Korea.
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Dipotassium heteroaryl bis(trifluoroborate) 2 ©ZA 2 3 1A% A
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Photovoltaic Polymer : A Tetrathiafulvalene-based Polymer with
Fullerene
R3¢ $0d’ o|HE FF2H
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A novel photovoltaic polymer (6 TTF-polymer) is embedded with electron rich group. Tetrathiofulvalene
(TTF) and fullerene (Cg) was successfully synthesized and enhanced electrical properties. The chemical
structures of 6 TTF-polymer and its intermediates were identified by FT-IR and *H NMR spectroscopes.
Additionally, the electrochemical properties of 6 TTF-polymer were observed by cyclic voltammetry,
photoluminescence, and ultraviolet spectroscopes. The thermal behavior of 6TTF-polymer was
experimented by DSC and TGA. The cast 6T TF-polymer films were flexible and durable, which result
notices that its molecular weight is high enough to be entangled. This work was mainly supported by the
Human Resource Training Project for Regional Innovation and the Converging Research Center Program
(2013K000404) of Korean government.
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Light responsive polymers for drug delivery
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Stimuli-responsive polymeric micelles are composed of a hydrophilic shell and a responsive hydrophobic
core with tunable solubility that depends on external stimuli. If a responsive hydrophobic core contains a
covalently attached drug moiety which is labile to external stimuli, one can achieve site-specific and time
controlled delivery of therapeutics to improve therapeutic efficacy. For this purpose, we synthesized a
diblock copolymer composed of a hydrophilic poly(ethylene oxide)(PEO) block and a drug-containing
hydrophobic block by a combination of atom transfer radical polymerization(ATRP) and a copper-
catalyzed azide-alkyne click chemistry. In aqueous solution, this block copolymer self-assembled to form
micelles in which the drugcontaining hydrophobic block forms the inner core, and the hydrophilic PEO

the other shell. Irradiation with UV light (365nm) led to cleavage and subsequent release of the drug

moiety.
L]

? drug conjugation via S

light-responsive moiety . e ]
L
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Novel thermoresponsive polymers with upper critical solution
temperature properties
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The secondary amine-derivatized rmoresponsive polymers were successfully synthesized by a

combination of atom transfer radical polymerization (ATRP) and Cu(l)-catalyzed 1,3-dipolar

cycloaddition between azide and alkynes (click chemistry). The resulting polymer (P1) is shown to

possess insoluble-soluble transitions (UCST-type phase behavior). P1 was further reacted with chloro

ethylalcohol and chloro propylalcohol to lead to P2 and P3, respectively. These polymers were analyzed

by cloud point measurements and exhibited different USCT behaviors. This behaviors were carefully

characterized using a number of techniques, including percent transmission analysis, UV-Vis

spectroscopy and 1H-NMR spectroscopy, and dynamic light scattering (DLS).



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]
2

=:POLY.P-33

e
=]
Me

o

-

EERE S

2
=]
ofN
u
ke
>
a
uf
|
4
M

, FEAA]: 4 16:00~19:00

Large Scale Growth of Hierarchical Metal Oxide Nanoparticles on
Hydrophilic and Hydrophobic substrates
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Large scale growth of metal oxide nanoparticles was achieved on hydrophilic as well as hydrophobic
substrates: needlelike 10 nanoparticles were grown on the surface of the glass or Teflon substrate by the
addition of a mixed aqueous Fe precursor solution with the potassium persulfate (KPS) solution to be
used as initiator. The surface morphology of the 10 film was determined by scanning electron microscopy.
The length of the 10 needles could be controlled by changing the incubation time or cycle of the iron
precursor solution. As the reaction time was adjusted from 3 to 12 hours, the average length of the 10
needles increased from 300 to 950 nm. In the early stage of growth, the 10 needles were sparsely
distributed and thus laid parallel to the surface of the substrates. By comparison, as the growth proceeded,
overcrowding of the 10 needles led them to stand up, forming densely packed 10 needles with high
surface coverage. It is worth noting that the presence of the oxidant helped to activate the surface of
substrates regardless of hydrophilic or hydrophobic nature, thus promoting the growth of 10 nanoneedles
with uniform distribution on any substrates. Even though the glass substrate has many reaction sites, such
as negatively charged hydroxyl groups as well as defects, 10 nanoneedles were not formed on the
substrate in the absence of oxidant. Only in the presence of oxidant, positively charged iron precursors are
more favorable for adsorption on the glass or Teflon substrate activated by oxidant. We expect that other
metal oxide films can also be prepared and the resulting films can be utilized as a versatile film for

environmental remediation.
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Surface-induced phase structures of the rod-disc liquid crystal
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Upon varying the width of the LC cells and their surface chemical and physical states, the RD12 phase
transition behavior was dramatically changed. Surface-induced phase transition behaviors of a rod-disc
(cyanobiphenyl-triphenyl) liquid crystalline (LC) molecule (RD12) were researched by changing the
surface physical and the chemical interactions. The nematic (N) phase of RD12 in the LC cell with a low
cell gap and polyimide rubbed surface could be preserved and the crystallization of RD12 was completely
suppressed. Based on the systematic experimental investigations, it was concluded that the glassy N phase
was formed due to the fact that the surface anchoring force is bigger than the crystallization force. This
work was mainly supported by the Human Resource Training Project for Regional Innovation and the

Converging Research Center Program (2013K001428, , 2013K000404) of Korean government.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]

F=:POLY.P-35

R

e
=]
Me

o

-

=
=21
ofN
3
“
>4
An)
uf
|
4
N

, FEAA]: 4 16:00~19:00

Influence of carbon fiber surface treatment on the impact properties of
carbon/carbon composites

AH o Bin & 3501 Lol o 591
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In this study, the effect of MoO; content on the impact properties of carbon-carbon composites(C/C
composites) was investigated in the presence of Mos. The content of MoO; was varied in 0, 5, 10 wt% on
the basis of resin matrix for anti-oxidation properties of the composites under high temperature. The
impact properties of the composites were studied in drop-weight impact tester and interlaminar shear
strength(ILSS) and critical stress intensity factor(KIC). As a result, the composites made with MoOs
resulted in an increase of interfacial adhesion between fibers and matrix, which could improve the impact

properties of the composites.
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Influence of Oxidation Inhibitor on Fracture Toughness of
Carbon/Carbon Composites
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In this study, the effect of oxidation inhibitor contents on fracture toughness of unidirectional carbon-
carbon composites (C/C composites). MoO; used as an oxidation inhibitor was impregnated with
phenolic resins to improve the anti-oxidation properties of the composites in different concentrations of 0,
5, and 10 wt%. Based on Wilhelmy equation, the work of adhesion of the C/C composites was calculated
by contact angle methods. Fracture toughness and impact strength were examined by three-point bending
test for the critical intensity factor (KIC) and lzod impact test method, respectively. As a result, the C/C

composites made with MoO3 resulted in an increasing of both fracture toughness and impact strength.
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Interaction of Newly Synthesized Low Bandgap Polymer with Protic
and Aprotic lonic Liquids
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In this case, we have examined the conductivity and interaction studies of ammonium and imidazolium
based ionic liquids (ILs) with the newly synthesized low bandgap polymer(Poly(2-heptadecyl-4-
vinylthieno[3,4-d]thiazole) (PHVTT)). Use of low bandgap polymers is the most suitable way to harvest a
broader spectrum of solar radiations for solar cells. But, still there is lack of most efficient low bandgap
polymer. In order to solve this problem, we have synthesized a new low bandgap polymer and
investigated its interaction with the ILs to enhance its conductivity. ILs may undergo almost unlimited
structural variations; these structural variations have attracted extensive attention in polymer studies. The
aim of present work is to illustrate the state of art progress of implementing the interaction of ILs (protic
and aprotic ILs) with newly synthesized low bandgap polymer. In addition to this, our UV-Vis
spectroscopy, confocal Raman spectroscopy and FT-IR spectroscopy results have revealed that all studied
ILs (tributylmethylammonium methyl sulfate ([N1444][MeSO4]from ammonium family) and 1-
methylimidazolium chloride ([MIM]CI, and 1-butyl-3-methylimidazolium chloride ([Bmim]CI from
imidazolium family) has potential to interact with polymer. This study provides the combined effect of

low bandgap polymer and ILs that may generate many experimental opportunities.
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Interaction of Polyaniline and New Protic lonic Liquid

A9 AL

Among the conducting polymers, Polyaniline(PANI) has received greater attention due to cheap and

superior stability to air oxidation. Unfortunately, it has rather poor mechanical, general physical

properties, and processability. In order to solve this problem, we used to interact ionic liquids(ILs) with

PANI for enhance physical properties. ILs may undergo almost unlimited structural variations; these

structural variations have attracted extensive attention in polymer studies. The aim of present work is to

illustrate the state of art progress of implementing the interaction of ILs with PANI. In addition to our

UV-Vis spectroscopy result showed red shift due to interactions of PANI with ILs. This study provides

multiple application of PANI and ILs that may generate many experimental opportunities.
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Synthesis, characterization and photo-responsive behavior of new
polymers containing azobenzene
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Series of polymers containing azobenzene have received much attention in the past years because of their

unique properties and potential applications in optical information storage and other areas. In this work,

new polymers containing azobenzene functionalized with electron-withdrawing groups have been

designed and synthesized. New polymers were successfully characterized by organic spectroscopic

methods(*H NMR, FT-IR, UV-vis and GPC). Their photo-induced surface relief gratings were fabricated

on thin glass films of the azobenzene containing polymers by exposure to interferenced two coherent laser

beams(532nm) in few minutes. Their properties can be used in optical data storage and other optical

devices.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]

FZ=:POLY.P-40

of: L% 7} 5} 8}

e
=]

-

A

2
=]
o\
u
ke
>
a
uf
|
4
M

, FEAA]: 4 16:00~19:00

Photo-induced Actuation of Photochromic Liquid Crystalline Polymer
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We have newly synthesized a novel photochromic polymer abbreviated as PLCP via the acrylic diene
metathesis polymerization. Based on the combined the techniques of DSC, POM and 2D WAXD, it was
identified that PLCP formed a nematic (N) LC ordered phase containing the cynclinically tilted SmC-type
cybotactic clusters, in which packing structure is related to the head-to-side connected PLCP chemical
structure. Additionally, we demonstrated the rewritable micro-patterned PLCP film. Due to the wireless
remote controllability of reversible actuating and patterning behaviors of PLCP, it can be applied as
materials in opto-electronic devices. This work was mainly supported by Converging Research Center
Program (2013K000404), and Human Resource Training Project for Regional Innovation funded by the

Ministry of Education, Science, and Technology of Korea.
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Super-Robust Carbon nanotube (CNT) enhanced polymeric nanofibers
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Well-aligned polymeric nanofibers can be made from electrospinning, which is one of the useful tools for
polymer nanofibers fabrication. It is difficult to measure mechanical properties of polystyrene (PS)
nonofibers because its intimate properties, such as brittleness and easily frigid characteristic, trigger
problems at modulus and tensile strength analysis. It is crucial to achieve high mechanical properties by
removing residual solvent, finding an appropriate ratio for PS and CNT composites, cross linking effects
from PS, and surface modification of CNT to enhance mixing properties in solvent. Since the deviation of
fiber diameters causes fluctuation of its modulus, FE-SEM was used to determine average diameters of
fibers, ranging from 200 to 300 nm. Motor-controlled setup, equipped with chemical balance, provided

measuring tool for mechanical properties of electrospun nanofibers.
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Natural Polypeptide-Based Supramolecular Nanogels for Stable
Noncovalent Encapsulation
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Supramolecular nanogel, a physically cross-linked nanosize hydrogel, spontaneously self-assembles in

aqueous solution via secondary interactions and is thus of great interest in nanomedicine as a drug carrier.

We developed a versatile method for supramolecular nanogel self-assembled by electrostatic interaction

between positive surfactant micelles and negative polypeptides. Core-shell-like structures of

supramolecular nanogels provide stable hydrophobic pockets that prevent simple diffusion of

hydrophobic guest molecules, resulting in high encapsulation stability. The size of the supramolecular

nanogels can be systematically controlled by varying the size of the surfactant micelles. Furthermore,

noncovalently encapsulated dye molecules can be released in response to matrix metalloproteinases

highly overexpressed in tumor tissues, potentially providing tumor-triggered targeting.
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Encapsulation of Polyelectrolytes inside the Halloysite Nanotube
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Halloysite (Al,Si,Os(OH)4-nH,0) is a hollow nanotube, which consists of one alumina octahedron sheet

and one silica tetrahedron sheet in a 1:1 stoichiometric ratio. Because of the different chemical

constitutions, halloysite in water has negative charge on the outer surface and positive charge on the inner

surface at a wide range of pH.We focused on the size of the halloysites’ pore, 5-20nm diameter, which is

large enough to contain polymers. Therefore, halloysite could capture polystyrene sulfonate, which has

negative charge, inside the halloysites' pore by electrostatic interaction between aluminol group of inner

surface of halloysite and anionic polymer. DLS (dynamic light scattering) was used to characterize the

halloysite-PSS nanocomposites. The morphology and the binding characteristics of halloysite and PSS

were confirmed by TEM and IR spectroscopy, respectively.
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Fabrication and Characterization of Sheath-Core Structured TiO2
Nanofiber Mats

AAH BT S ZF
FH o TEA g LR T8 e 55

Epitaxially grown titanium dioxide (TiO2) nanofibers containing single crystalline TiO2 nanowires with

anatase structure were successfully fabricated by electropinning poly(vinylpyrrolidone) solutions mixed

with hydrothermally synthesized titanium dioxide nanowires and titanium (IV) isopropoxide Ti(OiPr)4

precursor. Utilizing SEM and TEM, morphological examination was conducted. Structure and orientation

of TiO2 single crystalline nanowires were also identified by XRD and SAED simultaneously. Improved

optoelectronic properties of TiO2 nanofibers were also identified with UV-Vis spectroscopy experiments.

This work was mainly supported by the Human Resource Traning Project for Regional Innovation and the

Converging Research Center Program (2013K000404) of Korean government,
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Synthesis of Wood Adhesive Derived from the Milk Protein and the
Blocked Isocyanate

Abstract : To investigate the adhesion effect of sodium bisulfite content in making blocked isocyanate,
wood adhesive PB-1, PB-2, PB-3 and PB-4 containing sodium bisulfite content of 15%, 22.5%, 30% and
37.5% were synthesized respectively. As a result, when the amount of sodium bisulfite increased in
adhesives, the tensile strength was found to be proportionally increased. The final adhesive mixtures were
manufactured using a two-components system which are prepared by mixing two separate protein and Bl
solutions due to the precipitate in the adhesives. As PVA was added to adhesives to increase tenacity, the
plywood dehiscence phenomenon after cold pressing process was declined. By addition of PVA, the
tensile strength was improved up to 6.5~7kgf/cm2 with Bl/protein ratio from 1:6 up to 1:8. Phase
separation between milk fat and aqueous layer was disappeared after addition of emulsifier, Tween 20.
Additon of Tween 20 showed tensile strength up to 5 ~ 6.5 kgf/cm2 at NCO/protein ratio of 1:12 ~ 1:14

without phase separation.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t

o
s

: ¥ CECO

e
=]

F = POLY.P-47

o

e
=]
Me

-

R

=
=1
o\
u

]
>
4
e
=21
e
M

]: 4= 16:00~19:00

Conducting Binaphthyl Polymer Networks via Ring Opening
Metathesis Polymerization

M BEE Feg 34

*
2
<

ki, ST &/

ol

©

Electroactive polymers can easily be obtained from electropolymerizable monomers via oxidative
coupling. However, mechanical properties of the resulting polymer films are often not satisfactory for
practical applications. We designed and synthesized mechanically robust, free-standing, electroactive
films from macrocyclic binaphthyl monomers using ring-open metathesis polymerization (ROMP).
Without ROMP, electropolymerized polymer films were rather brittle. When the macrocyclic binaphthyl
monomer was co-polymerized with cyclooctene via ROMP, mechanically robust elastomers were
produced. Subsequent oxidative coupling by electrochemical or chemical methods furnished cross-linked
polymer networks that were electroactive without mechanical disintegration. The cross-linked ROMP
polymer showed electrochromic and chemochromic properties, which were stable even after repeated
cycles under ambient atmosphere. The polymer may find use in applications such as electrochromic or

chemochromic devices, electro-stimulated drug delivery systems, and electrically controlled membranes.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

»
B

: ¥ CECO

O

e
=]
2

=:POLY.P-48

R

e
=]
Me

o

-

2
=]
o\
u
ke
>
a
uf
|
4
M

, FEAA]: 4 16:00~19:00

Synthesis and characterization of carbon nanotube-containing
electroconductive hydrogels

A2 $34° T4 o)A
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Electroconductive hydrogels are polymeric blends or interpenetrating networks that combine electroactive

molecules, including conducting polymers, with hydrogels. These hybrid materials have the electrical

properties of electroactive molecules and environmentally responsive properties of hydrogels. In this

study, hyaluronic acid based hydrogels crosslinked by a dopamine linker were synthesized, and carbon

nanotubes were incorporated to improve their electrical properties. The electrical properties were

characterized by electrochemical impedence spectroscopy. Also, the shear modulus of hydrogel materials

was measured to investigate whether carbon nanotubes additionally improve the mechanical properties of

hydrogels.
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Synthesis of photoactive self-repair polymer networks based on metal-
ligand interactions
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We designed the self-repair photo-active materials using terpyridine (tpy) ligand and its metal complexes.
Tpy ligand easily binds to metals (Zn, Fe, Co) and the characteristics of metal-tpy complexes can be
changed by various metals and modifying functional groups. In this study, we synthesized tpy-containing
polyvinyl alcohols (PVAs) that are attached with photoactive Ru(ll) complexes. When Fe(ll) added to
PVA-tpy solution, the sol-to-gel transition was observed. We confirmed in the UV absorption spectra that
the metal-to-ligand charge-transfer (MLCT) band was increased with the growing concentration of Fe(ll).
This increase demonstrates that the metal Fe(ll) interacts with PVA-tpy ligands. We made thin films of
metal-PVA-tpy networks on glass substrates by the layer-by-layer (LBL) method. We observed that the
MLCT increased as the number of layers increased. We also synthesized Ru(ll)-tpy containing polymer
networks in a similar method to adopt photoactive properties. Ru(ll)-induced photocurrents were

observed in the assembled films, which was enhanced by inclusion of methyl viologen.
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Synthesis, Characterization, and properties of a new conducting
polymer containing fluorinated quinoxaline derivative

Td ALH”

Recently, the incorporation of an electron-withdrawing F atom onto the periphery of acceptor unit is
attractive, since its small size is expected to minimize the undesired steric interation and its strong
electron-affinity nature is also expected to stabilize the HOMO and LOMO energy levels Furthermore,
fluorination also causes a decrease in the band gap in solid state, arising from the fact that the
improvement in planarization of the conjugated backbone through favorable F-atom-
inducedintramolecular and/or intermolecular interactions. So we synthesised copolymer using the
fluorinated quinoxaline derivative monomer and EDOT monomer. The polymer will be characterized by

1H NMR, UV-vis spectroscopy.
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Fabrication of honeycomb-patterned Polyaniline thin films with high
conductivity and mechanical stablity

w2 HEA"

/At e}l 3] Sf 3}

Honeycomb-patterned polymer thin films have attracted considerable attention because of their potential
application in various fields, such as separation membraned, superhydrophobic materials, photonic or
optoelectronic devices, cell-culturing substrates, and micropatterning templates. Honeycomb-patterned
thin films have been fabricated by a variety of methods such as lithography, the use of colloidal crystals,
self-assembly, and the rodcoiled copolymers process. Among them, a simple and useful technique for
preparing honeycomb-patterned thin films is the breath-figure method. In this method, the substrate can
be completely dispersed in organic solvents, such as chloroform, and films are then fabricated by casting
these solution under humid conditions. However, ployaniline has a great drawback for the fabrication of
honeycomb-patterned films, because insolubility of organic solvents. In spite of intrinsically conducting
polymers. Therefore we have modified polyaniline for the fabrication by chemically using

dichlorodicyanobenzoquinone (DDQ).
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Chromonic nanofiber containing the self-assembled nanocolumns

Bl Ade AET APV

=13 _Tj/]-
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Macroscopically oriented Chromonic electrospun nanofibers with the self-assembled Sunset-Yellow FCF
(H-SSY) were fabricated by combination of electrospinning and self-assembling methods. Based on the
thermal, scattering and microscopic analyses, it was realized that H-SSY formed a glassy columnar
nematic (N) phase in the PVP/H-SSY nanofiber. Utilizing the 2D WAXD and polarized FTIR results, it
was achieved that the nanocolumns were aligned parallel to the long axis of the nanofiber. The
anisotropically oriented PVP-H-SSY nanofiber mats embedding the self-assembled nanocolumns may
develop new ways for the practical applications in electro-optical devices. This work was mainly
supported by the Human Resource Training Project for Regional Innovation and the Converging Research

Center Program (2013K001428) of Korean government
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CATALYST COMPONENTS FOR THE POLYMERIZATION OF
OLEFINS

x|z A5Y

ziegler-natta polymerization is one of most important catalytic industrial process. ziegler-natta catalyst
research is progressing to improve high activity and stereospecificity of polyolefin. we designed and
synthesized novel donors. The behavior of the donors in modifying the productivity and stereospecificity
of Ziegler-natta catalysts in the polymerization of propene was investigated. Some correlation between
the structure of the modifiers, the type of supported catalyst, and the polymerization results can be

observed.
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A study on the preparation of crosslinked perfluorosulfonic acid
membrane for direct methanol fuel cell

Polymer elctrolyte membrane(PEM) fuel cells are considered to be a very promising alternative power

source. Perfluorosulfonic acid membranes with the trade name Nafion are most commonly used

electrolyte in PEM fuel cells, because of their high proton conductivity and chemical stability. Although

the Nafion has many benefits it is not satisfactory in many aspects, fuel crossover when fueled with

alcohols, resistance to water transport from cathode to anode. For improvement of these defects, we

studied crosslinking of nafion membranes. crosslinked-Nafion membranes were perpared by reation of

sulfonyl fluoride groups in Nafion 112(SO,F form) with diamine crosslinkers. Membranes were dipped in

swelling solvent for high reactivity of sulfonyl fluoride groups in Nafion 112 (SO,F form) with

crosslinker. The formation of sulfonamide linkages was confirmed by ATR-FTIR and UV-vis

spectroscopy. The performance of the membranes was measured in terms of IEC (ion exchange capacity),

water uptake, proton conductivity, and methanol permeability.
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Encapsulation of Living Yeast Cells with Degradable Polymeric Shells,
using Chitosan and Poly-L-Glutamic Acid

A3 HIARY

A gt 35k g7 Lo 5] £ g(KAIST) 387

Living cells have been individually encapsulated within artificial materials, including silica, titania,
calcium carbonate, calcium phosphate, as well as, synthetic/bio-polymers.1 It was found that the
encapsulation was beneficial for maintaining cellular viability, controlling cell division, functionalizing
cell surface. However, degradation of artificial shells with external stimuli has not achieved yet,
presumably because of a harsh condition for degradation, which would be harmful to the living cells. In
this work, living yeast cells were encapsulated within degradable polymer (chitosan and poly-L-glutamic
acid) through layer-by-layer self-assembly. Moreover, it was demonstrated that the artificial shell was
removable by external stimuli while maintaining viability of the cells.Referencesl. Yang, S. H.; Hong,
D.; Lee, J.; Ko, E. H.; Choi, I. S. Small 2013, 9, 178-186.
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Stimuli-responsive hydrogel microfibers produced by alginate-
templating method and photopolymerization

Acke S

Stimuli-responsive microfibers were prepared by alginate-templating method with simple microcapillary
device. In this method, sodium alginate aqueous containing hydrogel monomers and calcium chloride
aqueous were continuously injected into separated microcapillaries by syringe pump, and crosslinked
alginate microfibers were formed at the junction point of capillaries. After photopolymerization of

monomers in alginate microfibers, hydrogel microfibers could be obtained by removing alginate template.
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Fabrication and Characterization of Polyhedral Oligomeric
Selsesquioxane(POSS)-based Composite Film

YA oY AN AR AR’

Polyhedral oligomeric silsesquioxane(POSS) as an enhancement of polymer nanocomposite has great

characteristics like heat revolution reducer, flammability enhancer, mechanical property transformer,

thermal property improver, and viscosity reducer. Multiwall carbon nanotubes(MWNTS) also have unique

mechanical, thermal, and optical properties. Conductive polymers have been applied for electrical paper,

OLED display, flexible display, touch panel and antistatic film. In this study, POSSS-based

nanocomposite film was fabricated with MWNTSs and conductive polymers including binder material via

coating methods such as bar coating and doctor blade. The improved properties of the coating solution

and the film were investigated by FT-IR, FE-SEM, EDS, AFM, UV-Vis and contact angle.
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Remote control for volume phase transition of hydrogel beads
incorporating iron oxide nanoparticles by visible light

oldF &XF

Stimuli-responsive polymers can be responded to external stimuli, such as temperature, pH, and visible

irradiation. For stimuli-responsive hydrogels, volume phase transition can be induced by external stimuli.

In this work, we have prepared spherical hydrogel beads incorporating iron oxide nanoparticles using

alginate-templating method by spray injection of monomer aqueous. VVolume change of hydrogel beads

could be controlled by both temperature and visible light irradiation. Furthermore, local control for

volume change of specific hydrogel beads in selected region was successfully performed.
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Redistribution Reaction of Trichlorosilane to Dichlorosilane

AFY BEF o|PY fERIY
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Silane (SiH4) is one of the most important starting materials used for producing high pure polycrystalline
silicon. The quality of semiconducting silicon is mainly determined by the purity of silane. The best
method to prepare ultra-high grade silane is distillation, because the boiling point of silane is lower than
those of all chlorosilanes and impurities such as chlorides and hydrides of boron, phosphorus, and arsenic.
The silane can be obtained by redistribution of trichlorosilane in promising method for it.??According to
the literature?the best catalyst for the disproportionation of trichlorosilane are ion-exchange resins
combining catalytic active functional group such as tertiary amine or quaternary ammonium group. New
type catalyst system containing a heterocyclic base, such as pyrrolidine, piperidine, as functional group at
polystyrene resin were synthesized. And then the redistribution activity of the synthesized catalysts was
tested under various conditions (reaction temperature, contact time) and compared with five commercial
ion-exchange resins, such as amberlyst A21, amberlite IRA-400. Among the commercial catalysts, the
Amberlyst A21 catalyst in the best catalyst for the redistribution. In the presentation we will discuss about

catalytic activity of several commercial ion-exchange resins and new catalyst system.
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Mechanistic consideration of synthetic 1,3-disubstituted urea using
K3PO4 catalyst

ok

ok

497 PE ANA

K3P0O4 was found to effectively catalyze the carboxylation of amines by CO2, producing corresponding

1,3-disubstituted ureas in high yields and selectivities. X-ray diffraction and FT-IR spectroscopic analysis

of the solid mixture, recovered from the carboxylation of n-butylamine, revealed that K3PO4 was

completely transformed into KH2PO4 and KHCO3. Mechanistic and computational studies suggested

that the high activity of K3PO4 could be attributed to the synergy effect exerted by the co-presence of

KHCO3 and KH2PO4, generated from the interaction of K3PO4 with CO2 and water.
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UV/TiO, Pretreatment System for copper recovery device applied
rated copper recovery

A9 ASFE AZE

HAEDONG TECHNOLOGY Co.,Ltd.

PCB etching and stripping processes in the manufacturing process after the cleaning process that occurs
in low concentrations of copper etching and stripping processes compared to the concentration of copper
is low emissions. So, because of the low recovery rate of waste water treatment plant is fed with a high
concentration. In this study, in the manufacture of PCB cleaning wastewater generated in the cleaning
process by analyzing the chemical properties of cleaning wastewater to understand. Also, cleaning the
copper contained in the wastewater are effectively recovered and are looking for a way to resource
recycling. PCB etching occurs on-site cleaning wastewater generated in the primary, the first detachment
Sampling cleaning wastewater TOC, conductivity, Cu were analyzed. As a result, etching and stripping
wastewater cleaned when comparing cleaning wastewater containing copper was higher in etching. Also
ablation etching and cleaning of waste water cleaning wastewater TOC and Conductivity is measured
higher load of wastewater treatment and inhibits copper absorption was considered to be a factor. Thus,
the degradation of the compounds contained in wastewater pretreatment for was to use the facility. Using
the photocatalytic pretreatment facility UV/TiO, System was selected. Gel state by hydrolysis of TiCl,
prepared and coated on the quartz tube. Four times a coating is found to have the highest efficiency was
applied to study the adsorption of metal ions copper selective chelating resin was used as the adsorption.
As a result, copper is far short of the expected standard of 85% of its yield was about 60%. This
equipment is UV/TiO, Pretreatment System is not operating normally in the decomposition of the
compound that is expected as a result. After recovery through research to find ways to increase will have
to see. Acknowledgement : This research was supported by the Program for the Construction of Eco
Industrial Park(EIP) which was conducted by the Korea Industrial Complex Corporation(KICOX) and the
Ministry of Knowledge Economy (MKE)
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Modification of Inorganic Oxide Nanoparticles with
Organosilanepolyol for Organic-Inorganic Hybrid Materials

45 dEF ol FE 5L

ot} 8] & 7 R(KIST) & & rzA]of e L gista 2} sp)

Organosilanepolyols were obtained in 70-98 % isolated yields as white powders by the hydrolysis
reaction of organopolyalkoxysilanes under weak acidic condition. These organoslanepolyols were applied
as surface modifiers for inorganic oxide particles such as silica, Zinc oxide, and titania. This process
relatively good modified route for hydrophobic inorganic oxide particles by two step reactions: 1)
organosilanepolyol interact with hydroxyl group on inorganic oxide particles through strong hydrogen
bonding to make thin layered coating on the surface of inorganic oxide particles, 2) then can undergo
condensation by heating. When ca. 50 nm silica particles treated with 5 wt % organosilanepolyol, all
silica particles were floated on water, indicating that such organosilanepolyols are good surface modifiers
for silica particles. This way to modify surface of silica should be applied for preparation of organic-
inorganic hybrid materials.When organosilanepolyol-treated silica particles were used for hybrid material
(composites) with organic rubber such as styrene butadiene rubber (SBR), the composites exhibit
increased bound rubber contents and improved mechanical properties. SEM images of the prepared
composites clearly show that organosilanepolyol-modified silica particles are well hybridized with SBR.
The results of dynamic mechanical analyzer show that composites prepared with organosilanepolyol-
modified silica particles have lower tan & values at 60 °C and higher tan § values at 0 °C than a composite

obtained by conventional composition process.
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Study of purify and high value-production from MFB that is generated
during the DMT manufacturing process
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Photocatalytic oxidation of copper-containing wastewater in the
removal of organic matter investigated the influence of radical
scavenger

AER A0 A=

HAEDONG TECHNOLOGY Co.,Ltd.

PCB industry occurring in process wastewater contains a large quantity of copper. Copper to form
complexes with organic matter removed from the wastewater treatment plant has been fraught with
difficulty. In addition, the concentration of copper is more than 1ppm of microorganisms in biological
wastewater treatment has been reported that toxic effects. Therefore, in order to efficiently recover the
copper complexes formed with pretreatment equipment to remove the organic matter should be focused.
Photocatalytic oxidation process factors affecting the reactivity of the factors that have inhibited the
formation of radicals. This is called Radical scavenger. Carbonate ions in the water that causes alkalinity
(COz?) and bicarbonate ion (HCOy) to exist, these ions trap the OH radical is that acts as a scavenger.
OH radicals to produce UV/TiO, and UV/H,0, AOP process with respect to the system after the addition
of carbonate decomposition characteristics of wastewater DOC reduction was observed. The
concentration of carbonate Na,CO; using 0, 0.1, 0.5, ImM changing with the decomposition of
wastewater DOC removal was observed characteristics. Radical scavenger was worked effect parameter
on the photo-oxidation of wastewater. Removal rate of TOC and absorbance was decreased by addition of
carbonate ions and TOC removal was more sensitive. Acknowledgement : This research was supported
by the Program for the Construction of Eco Industrial Park(EIP) which was conducted by the Korea

Industrial Complex Corporation(KICOX) and the Ministry of Knowledge Economy (MKE)
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Preparation and photocatalytic activity of TiO,-reduced graphene
oxide/CNF nano-composite under visible-spectra

AZE AREY Fst
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In this work, we prepared high efficient and visible sensitive TiO,-reduced graphene oxide(RGO)/CNF
photocataylst nano-composite by using electro-spinning and sol-gel method. As-prepared photocatalyst
nano-composite were characterized by transmission electron microscopy(TEM), X-ray diffraction(XRD),
field-emission scanning electron microscopy(FE-SEM), Raman spectroscopy, X-ray photoelectron
spectroscopy(XPS) and PL spectrometer. The photocatalytic activities were evaluated by degradation of
methylene blue under visible light irradiation in the aqueous solution. The photocatalytic activities of
TiO,-RGO/CNF was shown highest efficiency than other control samples of RGO/CNF and TiO,/CNF.
The excellent enhancing effect of TiO,-RGO/CNF was attributed to high migration efficiency of
photoinduced electrons and the inhibition of charge/carrier recombination due to the electronic interaction

between TiO, and graphene. The catalyst efficiency of the TiO,-RGO/CNF was sustained after 5 cycles.
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Synthesis of Mesophase Pitch Based Carbon Fibers from Fluidized
Catalytic Cracking Decant Oils

NFE FpEY
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Pitch precursors for carbon fibers were synthesized from fluidized catalytic cracking-decant oils (FCC-
DO). The low molecular weight fraction of FCC-DO was separated using the vacuum pump during 240
minutes at 150°C. After separation, they which were called VR were pressurized-heat treated with
tetranydronaphthalene (THN) at 300°C, and then synthesized mesophase pitches from them which were
called VR-THN. The pressurized-heat treatment with THN reduced the viscosity of VR from 292.5 to
30.1 cP at 25°C and the elemental analysis of C/H mol% of 0.99 of VR to 0.94 of VR-THN. Optical
texture of synthesized pitch were observed using polarized microscopy. During the further heat treatment
at 380C, anisotropic spheres combined in a large domain. The synthesized pitches showed about 15%
yield and the softening point was about 290 C. The synthesized pitch was melt-spun through a circular
nozzle by pressurized nitrogen gas, stabilized at 300°C, carbonized at 800°C and finally graphitized at

2800°C. The graphitized fiber exhibited anisotropic morphological structures in cross section of the fibers.
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Reverse osmosis unit to be concentrated in developing algorithms for
recovery

AER AT AR IBE

SEC Co., Ltd.

This study of the reverse osmosis unit concentration water circulating in the raw water tank is a device for
recycling concentrated. This study concentrated on the reverse osmosis unit effectively and will look for
ways to recycle. Today, many techniques have been proposed, but its utilization is infancy. So make the
most concentrated and focused to allow. In particular, in the case of concentrated pollution is high.
Therefore, if the water is recycled in the system can handle the load on the device is a struggle to do
matters. Recycling of the device in the reverse osmosis concentrate concentrated several times to
accommodate the drain line automatic drain valve and concentrated automatic valve system was adopted
to mount. Recycling of the device in the reverse osmosis concentrated time to accommodate the
automatic valve and drain lines concentrated drainage system that is equipped with automatic valves.
Reverse osmosis unit can concentrate on how to recycle purified water storage tank is filled with water
from the recovery tank after the reverse osmosis purified water circulation device can concentrate is
introduced into the recovery tank. Reverse osmosis unit once concentrated in the drain line valve opens
automatically when acceptable in determining the control panel to set the relay time was to work. In this
study, concentrate water through the reverse osmosis unit brings savings by recycling water. Concentrated
for recycling does not occur in a separate investment. Acknowledgement :This research was supported by
the Program for the Competitiveness Reinforcement Construction of Industrial Cluster which was
conducted by the Korea Industrial Complex Corporation(KICOX) and the Ministry of Knowledge
Economy (MKE)
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Reverse osmosis membrane to extend the life-time of the device for
changes in cleaning technology

09" AFH AFE o F

2

SEC Co., Ltd.

This research in the field of water treatment method using the reverse osmosis membrane cleaning
formulations by changing technology just extend the lifespan occurs. Currently, almost all of the water
used in the field of reverse osmosis membrane technology, the impact of this will be very large. This
research will be applied to the present case that the existing device efficiency and lower costs in the
economic aspects are judged very good technology. In this study, when membrane fouling by running
effective membrane cleaning aims to maximize the effect. To this end, focusing on pressure changes in
the initial pressure rise was 10% if the membrane cleaning is carried out. In this case, the amount of acid
and alkali can be minimized should find a way. RO membrane in the present invention generally after the
initial pressure 10bar pressure compared to just 11.5 ~ 12.0bar initial cleaning when carried out in acid
solution below pH 2, pH 12 alkaline solution is carried out in more than 30 minutes each. In this case, the
more conduct problems membrane cleaning treatment efficiency of the membrane tends to decrease.
Initial production flow decreases and eventually just wash shorter jugido membrane should be replaced.
The main reason for replacing the membrane just inside the source is not removed through cleaning.
11bar pressure at the membrane surface when conducting membrane cleaning one of the external
contamination by removing the source of contamination inside the membrane prior to the initial state
variable is able to keep. In addition, these results in order to reach an appropriate control logic is
required.Acknowledgement :This research was supported by the Program for the Competitiveness
Reinforcement Construction of Industrial Cluster which was conducted by the Korea Industrial Complex

Corporation(KICOX) and the Ministry of Knowledge Economy (MKE)
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Mercury ion adsorption on chemically modified Activated Carbon and
Activated Carbon Fiber in aqueous solution
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Adsorption of Hg(ll) was studied on four carbon adsorbent: granular activated carbon (GAC), chemically
modified GAC (NaGAC), activated carbon fiber (ACF), and chemically modified ACF (NaACF). The
surface properties, such as morphology, surface functional group, and composition of two adsorbents
were determined by using Elemental analysis, X-ray photoelectron spectroscopy (XPS) and scanning
electron micrograph (SEM) measurements. The specific surface area, total pore volume, and pore size
distribution were investigated by using nitrogen adsorption, Brunauer-Emmett-Teller (BET), and Barrett-
Joyner-Halenda (BJH) methods. In this study, the NaGAC and NaACF showed high adsorption capacity

and adsorption rate for the Hg(ll), due to the improved ion-exchange capabilities by more oxygen
functional groups.
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Manufacture of Low Cost Carbon Fiber through melt-spinning of
residual oil/lignin blends
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Carbon fiber (CF), alternatively graphite fiber, carbon graphite or CF, is a material consisting of fibers
about 5-10 um in diameter and composed mostly of carbon atoms. The carbon atoms are bonded together
in crystals that are more or less aligned parallel to the long axis of the fiber. and one of the most important
materials to develop the eco-friendly society, to apply light weight vehicles and effective adsorbent
materials. The low cost is the most important factor to expand applications. We prepared lignin-based
graphite fibers from melt spinning of the blends of hardwood lignin and pyrolyzed fuel oil (PFO),
byproduct of naphtha cracking process (NCC). We investigated multi-functions through Elemental
analysis, Solid C13 NMR, Raman, X-ray diffraction, SEM, and Tensile strength. The CFs have strong

potential to apply to reinforce material for carbon fiber composite and adsorbent of toxic gases at low cost.
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Aqueous phase adsorption of bisphenol-A over metal-organic
frameworks, a porouschromium-benzenedicarboxylate

B2 st

g4l

<

7 3]

<

7}

Bisphenol-A (BPA) has been adsorbed over a MOF, Cr-benzenedicarboxylate (MIL-53) to understand the
applicability of MOFs for the adsorptive removal of hazardous endocrine disturbing chemicals from water.
MIL-53 shows very fast adsorption in an hour and the maximum adsorption capacity of MIL-53 is higher
than that of commercial activated carbon adsorbent. Moreover, unlike the carbon adsorbents, MIL-53
showed very high efficiency over the adsorption especially at very low concentrations of BPA. Therefore,
porous MOFs such as MIL-53 can be one the potential class of adsorbents for efficient decontamination
of water. References[1] E. Y. Park, Z. Hasan, N. A. Khan, S. H. Jhung, J. Nanosci. Nanotechnol. 2013, 13,
2789-2794.
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Catalytic production of styrene through liquid-phase dehydration of 1-
phenylethanol over sulfonated D-glucose
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Dehydration of 1-phenylethanol to produce styrene has been studied in liquid phase without any solvent
with carbon-based solid acid catalysts prepared from renewable resources like d-glucose for the first time.
The catalysts were obtained facilely in one-step or carbonization and sulfonation were done
simultaneously in one-pot synthesis. The carbon-based catalyst shows higher styrene selectivity and lower
activation energy than other solid acid catalysts that have been used so far, demonstrating that a carbon-
based catalyst is very effective in producing styrene from 1-phenylethanol.References[1] Z. Hasan, J.-S

Hwang, S.H. Jhung, Catal. Commun. 2012, 26, 30-33.
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Denitrogenation of a model fuel by liquid phase adsorption using
phosphotungstic acid impregnated-metal organic framework MIL-101
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Liquid phase adsorption of nitrogen-containing compounds (NCCs) from a model fuel was carried by
metal-organic framework (MOF) MIL-101 impregnated with phosphotungstic acid (PWA) [1]. The
model fuel contained one sulfur-containing compound (SCC), benzothiophene (BT); one basic NCC,
quinoline (QUI); and one neutral NCC, indole (IND). NCC adsorption selectivity was very high
compared to the SCC selectivity in both MIL-101 and PWA-impregnated MIL-101s. Additionally, the
adsorption capacity of basic QUI increased by 20% with only 1% PWA impregnation in MIL-101. The
adsorption of a neutral compound, IND, was slightly reduced with PWA impregnation in the MOF. The
adsorption capacity/selectivity can be remarkably improved by a slight modification of MOFs, for
example, to impart acidity [2]. So, it could be concluded that the MOF impregnated with PWA may be
very interesting in commercial denitrogenation, especially for coal-derived fuels which contain mainly
basic NCCs, by adsorption since the selectivity for NCCs (compared to SCCs) over the adsorbent is very
high and the adsorbent can be reused many times.References[1] I. Ahmed, N. A. Khan, Z. Hasan, S. H.
Jhung, J. Hazard Mater. 2013, 250-251, 37 ? 44.[2] I. Ahmed, N. A. Khan, Z. Hasan, S. H. Jhung, Appl.
Catal. B: Environ. 2013, 129, 123 ? 129.
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Gas adsorption properties of modified GO by chemical activation

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 a insufficiency of understanding of the fundamentals involved in such gas adsorption process.
Grephene has a theoretical Surface area of 2630m?/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 oxdie(GO) is now being manufactured in ton quantities at low cost. Here, we report a simple
activation 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 activation. MrGO/KOH mixture was put in a
tube furnace under flowing nitrogen and heated at 800°C 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 gases.



Quantity Adsorbed (cm3/g STP)

800

—u— MIGO
—o— a-MrGQO

04 0.6
Relative Pressure (P/Po)



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t
T

o
B

: A<2ICECO

e
=]
2
(1

: IND.P-82
D &dstet

D XAEH, R YA 4 16:00~19:00

e
£
Me
o

2
=]
o\
u

Graphene oxide/manganese silicate composites for hydrogen storage

Graphene oxide/manganese silicate composites (GO/Mnsilicate) have been prepared by surfactant-free
hydrothermal method. Transmission electron microscope (TEM) study of the GO/Mnsilicate shows that
hollow spherical manganese silicates are deposited on GO sheets. The hollow manganese silicate
nanospheres are approximately uniform in size (~ 8 nm) and the hollow spherical morphology is clearly
confirmed. The high pressure H, sorption isotherms of GO/Mnsilicate have been performed at liquid
nitrogen temperature. GO/Mnsilicate composite exhibits a surface area of 368 m’g™ and hydrogen storage

capacity of 2.9 wt% at 30 bar.
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Selective extraction of aromatics from aliphatic hydrocarbon mixtures
using pyridinium-based lonic Liquids bearing a thiocyanate anion

ASE AU AEA

The performance of N-alkylpyridinium-based ionic liquids with a SCN anion (PylLs) was evaluated for
the selective extraction of aromatics from aliphatic hydrocarbons. The aromatic extraction ability of
PylLs was greatly enhanced by the presence of a methyl group on the pyridinium ring at the 3- or 4-
position, whereas the solubility of the aromatics in the PylLs decreased with increasing number of methyl
groups on the benzene ring. The computational calculations on the dispersion interactions between
aromatics and PylLs demonstrated that the anion-aromatic interaction is much more important than the
cation-aromatic interaction in determining the aromatic solubility in PylLs, and such anion-aromatic

interaction can be enhanced by introducing a methyl group at the carbon atom of the pyridinium ring.
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The development of eco-friendly biodegradable detergent

- l -3 *
ot AFH A3

1,1,1-TCE and CFC-113 CTC excellent detergency, however, but there is a risk, destruction of the ozone
layer, global warming and harmful to the human body. For this reason, developed countries have already
been developing of low toxicity and biodegradable solvent to replace conventional cleaners.Hydrocarbon-

based detergents are inexpensive and excellent detergency and low toxicity.
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Preparation and Characterization of Ophthalmic Lenses Containing 4-
vinylanisole in the presence of nanodiamond particles

The major physical characteristics of macromolecules used in hydrogel ophthalmic contact lenses include
tensile strength, refractive index, optical transmittance, surface hydrophilic or wettability, water content,
permeability to oxygen and carbon dioxide, physical and chemical stability, biocompatibility and
mechanical properties. High functional ophthalmic lens materials, poly(HEMA-co-MMA)s was prepared
by the copolymerization of HEMA, MMA, NVP and 4-vinylanisole in the presence of nanodiamond
particles. Nanodiamond particles have high tensile strength and 4-vinylanisole has high refractive index
and UV block effect of ophthalmic hydrogel lenses. Ophthalmic lenses of all combinations showed
flexible and soft characteristics after being hydrated for 24 hrs in standard saline solution. For 4VA-
1~10ND samples to which 4-vinylanisole and nanodiamond particles were added to the Ref._
combination, the transmittance for visible ray, UV-B and UV-A were in the range of 85.4~86.0%,
58.2~76.8%, and 25.0~68.4%, respectively. The pale grey transparent macromolecules exhibited low
optical transmittance for wavelengths between 320 nm and 380 nm. The water contents were in the range
of 27.80~37.29%, and the refractive index was measured to be in the range of 1.440~1.481. Meanwhile,
the tensile strength ranged from 0.4210 to 1.1815 Kgf increased with increasing the addition ratio of
nanodiamond. (Fig.1) The polymeric materials satisfied the basic characteristics required for ophthalmic
hydrogel lenses. The produced polymers have excellent tensile strength, indicating that the material can

be used to fabricate high durability hydrogel ophthalmic lenses with UV blocking effect.
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A study of triglyceride synthesis using 2-O-alkylglycerol
o3t o] gH A2 o
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Triglycerides are synthesized with various fatty acid and glycerol. Triglycerides with long chain esters
would then be used as transformer oil. There has been increasing researches that focus on the
development of triglycerides having outstanding features and biodegradability. In this study, transformer
oil substitute was obtained via condensation reaction between 2-alkoxyglycerol and fatty acyl derivatives.

Those are characterized by 1H-NNR, FT-IR and HR/MS. The yields of the products were about 35~50%
according to the alkyl chain length.
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Preparation and magnetic properties of Co(ll)-terpyridine complexes
with ter- and quater-phenyl substituents

Terpyridine ligands with ter- and quater-phenyl substituents at the 4' position provide bis(ligand)Co(ll)
complexes showing very different magnetic properties to those of their analogues with long-chain
aliphatic substituents, with no evidence of "re-entrant” behaviour. Structure determinations of
[Co(tptpy)2](BF4)2?CH30H and [Co(gptpy)2](BPh4)2?3.5dmf?2H20 (dmf=N,N-dimethylformamide)
show the metal ion centres in both to be relatively distant and that the "terpyridine embrace™ observed to
tbe partially retained in their analogues is completely lost. Consideration of available structural and
magnetic data for these and other Co(ll) complexes of functionalised terpyridines and terpyridine itself
provides evidence that spin crossover behaviour may be regulated by face-to-face contacts of the pyridyl

units of the head groups.
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Multi-Layered Core-Shell Microspheres Generated from Multi-Step
Growth of Coordination Polymers

The management of the chemical composition of nano- or micro-scale particles is a quite convenient way
to adjust their properties. Currently, the conjunction of coordination polymers (CPs) with other functional
materials in core-shell or film forms in order to extend the utilization range of coordination polymer
materials has received extensive attention. Herein, the construction of well-defined multi-layered core-
shell structures is demonstrated via a multi-step growth of various coordination polymers. Furthermore,
the compositions of multi-layered core-shell microspheres are easily controlled by changing the order of

the multi-step growth process.
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Microporous organic networks bearing metal-salen species for mild
CO2 fixation
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Carbon dioxide can be chemically transformed to organic compounds by reaction with various coupling
reagents. For example, carbon dioxide is fixed to cyclic carbonates by reaction with a variety of epoxides.
The resultant cyclic carbonates have been used both as electrolytes in electrochemical devices such as
lithium ion batteries and as raw materials for polymer synthesis. Although liquid-phase catalytic systems
for transformation of CO2 to cyclic carbonates have been extensively reported, it needs relatively high
temperatures (110?160°C) and high pressure of CO2 (1-8 MPa) for achieving the fixation of carbon
dioxide with 1-50 h-1 TOF. This work shows that porous heterogeneous catalytic systems for catalytic
CO2 fixation can be developed by a direct assembly of metal-salen containing building blocks with
organic connectors through a carbon?carbon bond formation reaction. For use as a dihalo building block,
Al, Cr, Co-salen building blocks with two iodo groups were prepared. Sonogashira coupling of these
building blocks with tetra(4-ethynylphenyl)methane resulted in microporous organic networks (MONS)
bearing Al, Cr, and Co-salen species (Al-MON, Cr-MON, Co-MON). Chemical conversion of carbon
dioxide with epoxide to cyclic carbonates under mild conditions (60°C and 1 MPa CO2). Among the M-
MONSs, the Co-MON showed the best reactivity for carbon dioxide conversion to cyclic carbonates with
140071860 TON and 117?155h-1 TOF. The size effect of epoxides in CO2 fixation was observed due to
the microporosity of Co-MON.
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Iridium(111) complexes bearing imidazoline thione and selone ligands:
visible light responsive photocatalysts
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In this work, we report the preparation of iridium complexes containing bis(N-heterocyclic carbene),
bis(imidazoline thione),and bis(imidazoline selone) ligands and their properties in photoinduced oxidative
coupling of benzylamines to imines in the presence of oxygen. The iridium complexes showed the
significant absorption of visible light with maximum intensity at~460nm. Especially, Bis(2-(2'-
benzothienyl)pyridinato)iridium(l11) complexes (Ir-6) with bis(imidazoline selone)showed the highest
performance as a photosensitizer in the visible-lightinduced oxidative coupling of benzylamine to imine..
A 0.25 mol % amount of Ir-6 showed 94% conversion of benzylamine to the corresponding imine in 5 h
at room temperature under blue LED irradiation.Through mechanistic studies, it was suggested that the
photo-induced oxidative coupling of benzylamine by Ir-6 follows a singlet oxygen pathway. The superior
performance of Ir-6 result from the efficient visible light absorption at 460 nm and the enhanced triplet
state due to the heavy-atom effect of bis(imidazoline selone). This work shows that bis(imidazoline
thione) and bis(imidazoline selone) can be efficient ligands for designing the optical properties of

iridium(111) complexes.
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Ultrathin Sn/CoOx nanohollows as anode materials in lithium ion

batteries
ALY £48 244 AR & gL
e p)ehin 31819} 2y i B shin o] %) 7} 8]

This presentation will introduce the synthesis of tin containing hollow nanomaterials with ultrathin shells
using a multi-component single precursor and their performance as an anode material in lithium ion
batteries. First, organometallic precursor was designed for the preparation of Sn?Co hetero-component
anode materials because both Sn and cobalt oxide are active as anode materials. To confer nucleophilicity
on cobalt, Co2(CO)8 was reduced to Co(-1) species using sodium naphthalenide. The resultant
NaCo(CO)4 was reacted with a tin electrophile (Ph3SnCl) to form the target precursor, Ph3SnCo(CO)4.
Its elemental confirmed the high purity of the obtained precursor. For the synthesis of ultrathin Sn/CoOx
hollow nanospheres, the Sn?Co heterobimetallic precursor was dissolved in well-dried oleylamine and
injected into a hot oleylamine solution at 260 ‘C. The reaction mixture was heated for additional 12 hours.
After cooling to room temperature, excess methanol was added to form precipitates which were retrieved
by centrifugation. Transmission electron microscopy (TEM) analysis of the obtained materials showed
nanospheres with empty inner space. The Sn/CoOx nanohollows with 6.1 nm diameter and ~1.5 nm shell

thickness showed excellent lithium storage capacity of up to 857 mAh/g after 30 cycles.
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Zn(11)-Ti(1V) heterometallic approach toward porous metal-organic
frameworks with highly symmetric (6,8)-connected topology

Different methods have been adopted to expand the structural diversity of MOFs, and a heterometallic
approach is a powerful complement to methods that rely on the extension or derivatization of organic
linkers. We have recently reported the first case of zinc-titanium-organic framework (ZTOF) obtained
using an asymmetrically substituted dicarboxylate. This synthetic method has been further refined in
order to obtain new MOF based on two different building units within the same structure. As a result, we
were able to synthesize another ZTOF having a highly symmetric (6,8)-connected topology that is
unprecedented in MOFs or other network solids. The new material also possesses a high percentage of
solvent-accessible voids. The open framework can sustain the full evacuation of included solvents and

displays high surface areas.
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Fluorescent chemosensor based-on the combination of julolidine and
furan for selective detection of zinc ion

444 7 8w
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A new sensor 1-[[(2-furanylmethyl)imino]methyl]-2-hydroxyjulolidine (1) based on the combination of
julolidine and furan groups was designed and synthesized as a Zn®* selective fluorescent chemosensor.
Upon treatment with zinc ions, the complexation of 1 with Zn?* exhibited a pronounced enhancement in
the fluorescence emission in methanol, while many other ions such as Mn?*, Co?, Ni?*, Cd®*, Hg**, Na*,
K*, Mg®*, Ca®*, AI** and Ag” had no influence. Notably, this chemosensor could distinguish clearly Zn?*
from Cd*. The 1:1 binding mode of the 1-Zn** complex was drawn, based on UV-vis titration,

fluorescence titration, Job plot and ESI-mass spectrometry analysis.
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A Selective Colorimetric and Fluorescent Chemosensor Based-on
Naphthol for Detection of AI** and Cu**

N,
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A simple and easily synthesized colorimetric and fluorescent chemosensor 1, based on naphthol moieties

as a binding and signaling unit, has been synthesized in a one step procedure. Chemosensor 1 exhibited a

color change from yellow to orange and fluorescence enhancement with a red shift upon binding to A

in acetonitrile. Moreover, it can selectively detect Cu®* ions via an ion-promoted oxidation reaction in

acetonitrile, resulting in a selective color change from yellow to dark blue and a fluorescence quenching

effect. Furthermore, chemosensor 1 showed colorimetric and fluorescence selectivity for Cu®* in aqueous

acetonitrile solution.
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A NBD-based selective colorimetric and fluorescent chemosensor for
Hg*
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A  new NBD-based sensor bearing a dipicolylamine derivative, (2-pyridylmethyl)(2-
quinolylmethyl)amine (1), was synthesized, and its chromogenic and fluorogenic behaviors toward
various metal ions were investigated in methanol solution. Chemosensor 1 selectively detected Hg?* ions
through color change from yellow to colorless. In addition, chemosensor 1 exhibited highly Hg?*-
selective ON-OFF fluorescence quenching behavior and was shown to discriminate various competing
metal ions, particularly, such as Cu**, Ag* and Pb?*. The binding mode of 1-Hg®* was found to be a 1:2

complex formation, based on Job plot and *H NMR titration.
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Catalytic Transesterification Reactions of One-dimensional
Coordination Polymers Containing Paddle-wheel Type Cu, Units
Connected by Various Bridging Ligands
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A w8l r) sk §Hseps) g
The paddle-wheel dinuclear unit consists of two Cu" ions bridged by four benzoate ligands, and these
paddle-wheel [Cu,(O,CPh),] units are connected by various bridging ligands to form one-dimensional
chain compounds formulated as [Cu,(O,CPh)4(p-L)] (L = 2,4-bpe (1), 3,3’-dipicam (3), 2,5-Me,pyz (4),
pyz (5), 4,4’-bpy (6), and 4pds (7)). The compound 2 formulated as [[Cuy(O,CPh)s](p-
bpp)[Cu(O,CPh),]], consists of [Cu,(O,CPh),] units and [Cu(O,CPh),] units connected by bpp
alternatively. Compounds 1-5 and 7 catalyzed efficiently the transesterification of a variety of esters.
Among them, 2 was most effective for the transesterification reactivity. It has been proposed that a
paddle-wheel unit for all compounds except for 2 might be a possible reactive species for the
transesterification reaction in solution, while a mononuclear type of Cu complex might exist as a major

species of compound 2.
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A Colorimetric and Fluorescent Chemosensor for Selective Detection
of Cr¥* and AI**
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A chemosensor based on naphthol and quinoline moieties has been synthesized for the detection of Cr**
and AI** as a colorimetric and fluorescent sensor in methanol. The sensor exhibited selective and sensitive
recognition towards Cr** via color change from yellow to colorless. Moreover, it showed a significant

fluorescence enhancement (50-fold) towards AlI**.
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In-situ Observation of Structural Transformation of a Flexible Metal-
Organic Framework upon CO, sorption

AT A E=adY 38
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A Metal-Organic  framework (MOF), {[(NiL),(BPTC)]?4DMF?2H,0} (1-DMF) ([NiL]** =
[Ni(Cr4HasNg)]**, BPTC* = 2,2 5,5'- biphenyltetracarboxylate, DMF = N,N-dimethylformamide) was
prepared by self-assembly of [NiL](ClIO,4), and H,BPTC in DMF/H,0O mixture solution. Single crystal X-
ray diffraction data revealed that 1-DMF has three-dimensional structure with accessible pore occupied
by guest molecules. Due to flexibility, the structure of 1-DMF was changed into that of 1 with shrunk and
closed pores upon elimination of guest molecules. Gas sorption experiments with N, and H, confirmed
that 1 has closed pore structure because of small adsorption amount. However, CO, isotherm at 195 K
appeared in two-step adsorption with much larger amount of uptake than N, and H,, which means that
CO, gas triggered a structural transformation of 1 into open and expanded structure. In addition, the
desorption isotherm shows three-steps with hysteresis, which suggests that structural changes of opening
and closing experience different process from each other. In-situ X-ray powder diffraction (XRPD)
experiment confirms that there were different structural phases at each steps. In addition, with comparing
XRPD results with X-ray structures of single crystals different kinds of guests, such as water and
acetonitrile, structural transformation occurs in two steps by pore-opening through rotation of
macrocycles with breaking hydrogen bonds between amines of macrocycles and carboxylates and by

expanding the cell volume with increasing uptake of CO,.
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Synthesis and Reactions of a 14-Membered Tetraaza Macrocycle
Bearing N-Cyanomethyl Pendant Arms and Its Complexes

A 32
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The di-N-cyanomethylted macrocycle 1,8-bis(cyanomethyl)-3,5,7,7,10,12,14,14-octamethyl-1,4,8,11-

tetraazacyclodecane (L?) has been prepared by the reaction of 2,5,5,7,9,12,12,14-octamethyl-1,4,8,11-

tetraazacyclodecane (L') with bromoacetonitrile. The cupper(Il) complex [CuL?]** could be prepared by

the reaction of L? with Cupper(I1) nitrate. All our attempts to prepare [NiL?]** by the reaction of Ni** ion

were unsuccessful. However, L2 reacts with water or methanol in the presence of the metal ion to yield

macrocyclic nickel(I1) or copper(ll) complexes bearing various types of functional pendant arms.

Synthesis and reactions of L? and its complexes are presented.
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Synthesis and Reaction of C-meso and C-racemic Isomers of a Tetraaza
Macrocycle Bearing N-Propargyl Pendant Arms and Their Complexes

AFd A2

oo st 5}

Two isomers of 1,8-bis(propargyl)-5,5,7,12,12,14-hexamethyl-1,4,8,11- tetraazacyclotetradecane(L?), C-
meso-L? and C-racemic-L?, have been prepared by the reaction of C-meso or C-racemic-5,5,7,12,12,14-
hexamethyl-1,4,8,11- tetraazacyclotetradecane(L") with propargyl bromide. Nickel(II) and/or copper(1I)
of the macrocycles have been prepared and characterised. The N-propargyl pendant arms on [M(C-meso-
L?]* and [M(C-racemic-L?)]** (M = Ni(II) or Cu(II)) react with various nucleophilic reagents.

Synthesis and reactions of C-meso-L? and C-racemic-L? and their complexes are presented.



tf 313}8}3] #1123 53] ¥ SFz2E 8] (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t

%4 Z9CECO

W ¥ T = INOR.P-105

W Rof: K-7)3)he}

D RFTF E2E, TR YAl 4 16:00~19:00

Synthesis of a Macrocyclic Nickel(I1) Complex Bearing Two N-
CH,C=CH Pendant Arms and Its Intramolecular Hydroamination

The macrocycle 2,13-bis(propargyl)-3,4-dimethyl-2,6,13,17-tetraazatricyclo[16.4.0.-%0"**]docosane (L?)

bearing two N-CH,C=CH pendant arms can be prepared by the reaction of 3,4-dimethyl-2,6,13,17-

tetraazatricyclo[16.4.0.5%0"*?]docosane (L") with propargyl bromide. The complex [NiL??* has been

prepared by the reaction of L? with Ni** ion. Interestingly, [NiL?)** readily undergoes intramolecular

hydroamination in the presence of a 14-membered tetraaza macrocycle to give the topolologically

constrained macropolycyclic complex [NiL*?*, in which two nitrogen atoms of each six-membered

chelate ring are linked together by the -CH,-CH=CH- bridge. Synthesis and chemical properties of the

compounds are presented.
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Hard and Soft Metal Complexes of Calix[4]-bis-monothiacrown-5: X-
ray and NMR Studies of Homodinuclear Species and
Heteromultinuclear Network Complexes
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In the extension of our previous work on the exocyclic coordination polymers of calix[4]-bis-
monothiacrown (L) exhibiting a photoluminescence switching behavior,*? its new networking patterns
via homo- and heteronuclear system are reported.® Also, dipotassium(l) and disilver(l) complexes of L
were isolated and their solid state structures characterized. In the reactions of L with Hg(SCN),, HgCl,,
and Hgl, gave commonly 1D coordination polymers [Hg,L(SCN)4, (1), [Hg.LClg], (2), and
{[Hg,LI4]-CH,Cl,}, (3) with a similar network pattern, in which Ls are linked by -X-Hg-X,-Hg-X-
(X=SCN for 1, X=ClI for 2 and X=I for 3). The reaction of L with KSCN in the presence of Hg(SCN),
afforded an endo/exocyclic heteronuclear complex [K,;LHg3(SCN)g], (4) with a 1D polymeric structure.
Also, the reaction of L with KCI in the presence of HgCl, afforded an endo/exocyclic heteronuclear
complex [K,LHgsClg]n (5) with a 1D polymeric structure. In addition, the reaction of L with Kl in the
presence of Hgl, afforded a 2D coordination polymer [K,LHg,l;0], (6) with the endocyclic dipotassium(l)
complex linked by exocyclic mercury(ll) iodide cluster backbone. Treatment of L with Kl in the presence
of Cdl, afforded a discrete endocyclic dipotassium(l) complex [K,L][Cd.,l¢]-CH,CI, (7) in which the
square-type dicadmium(ll) hexaiodide cluster [Cd,lg]* exists in a separated form. In the reaction of L
with AgClO, afforded an endocyclic dinuclear complex [Ag,L](ClO,),-2CH;OH-H,0 (8). To probe the
complexation behavior for these same systems in solution, the competition between potassium(l) and
silver(l) for L was monitored by *H NMR. Potassium(l) forms a more stable dinuclear complex with L
than silver(l) both in the solid and solution states.

1.J.Y. Lee, H. J. Kim, J. H. Jung, W. Sim, S. S. Lee, J. Am. Chem. Soc. 2008, 130, 13838.



2.J.Y.Lee, S. Y. Lee, W. Sim, K.-M. Park, J. Kim, S. S. Lee, J. Am. Chem. Soc. 2008, 130, 6902.
3.J.-Y. Kim, I.-H. Park, J. Y. Lee, J.-H. Lee, K.-M. Park, S. S. Leg, Inorg. Chem. 2013, 52, 10176.

[KQLHg:]é,(S('JI\I}B]n {4), 1D polymer
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[K:LHg-Clgl, (5), 1D polymer
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[K-LHd,l 0], (B), 2D polymer
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Cooperative Effect of Anion and Mole Ratio on the Soft Metal
Complexation of an NO,S3;-Macrocycle
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The pyridine-containing thiaoxaaza-macrocycle L was synthesized by dithiol-dichloride coupling reaction

using Cs,CO3z in DMF under high dilution condition. Comparative investigation of the coordination

behavior of L with Ag(l), Cu(l), and Hg(ll) is reported. The X-ray structures of five complexes (1-5) were

determined, and a range of structural types and coordination modes including mono- to multinuclear and

discrete to continuous ones, is shown to occur. In the reaction with AgNOs, L forms a rare example of a

1D coordination polymer 1, {[Ag,L(NO3),] CHsCN}, incorporating an endo/exocyclic coordination. In

the reaction with Cul, L forms an exocyclic 1D coordination polymer 2, [(Cu,l,)L], linked by Cu,l,-

rhomboid giving a zigzag chain. The reaction of L with mercury(Il) anion complexes (3 and 4 see blow)

with different coordination modes, depending on the anions used (CIO4 and Br’). On varying the mole

ratio (n) of two reactants (HgBr,/L), two products with an exocyclic 4 and an endo/exocyclic coordination

5 were isolated.
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Soft and Soft/Hard Metal Supramolecular Complexes of an O,S,-
Macrocycles (x=3 or 4) with Discrete Monomer, Dimer, and Polymer
Structures
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An 0,S,-macrocycle L' and an O,S,-macrocycle L? were synthesized and structurally characterized by X-
ray analysis. The X-ray crystal structures of seven complexes (1-7) have been determined, and a range of
structural types and coordination modes, including discrete to continuous forms, mono- to multinuclear,
and endo- to exocyclic structures involving M-S and M’-O bonds are presented. Reactions of L with
Hgl, afforded the exocyclic mononuclear complex [HgL'l,] (1). Reactions of L* with Pb(ClO,), yielded
the endocyclic mononuclear complex [PbL*(ClO,),] (2). Furthermore, the reaction of L' with Cul gave a
mixture of an exocyclic monomer [CuL’l] (3, brick-shape) and an exocyclic dimer [(Cu,l,)L] (4,
rhomboid-shape) with two different shapes. From the mixture, 3 and 4 were separated under the
microscope and confirmed the separation with PXRD patterns. The straightforward one-pot reaction of L*
with Cul in the presence of Nal resulted in the heteronuclear endo/exocyclic complex [Nay(u,-
Cuglg)L,(CH3CN)4], (5). In 5, the endocyclic macrocyclic Na* complex units are linked by the twisted
ribbon-type cluster [Cuglg]** resulting in the unique 2D network. Reactions of L? with Hgl, afforded the
one-dimensional exocyclic polymer [HgL?l,], (6). Reactions of L? with Cul afforded an emissive 1D

looped coordination polymer [CuslsL%], (7) linked with a cubane-type copper iodide cluster.
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Anion Effects on Supramolecular Silver(l) Coordination Polymers of
Bis(cyanobenzyl)sulfide
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Regioisomers (m-L and p-L) of bis(cyanobenzyl)sulfide were employed as building blocks and their
supramolecular silver(l) complexes are reported.* The reactions of m-L and p-L with silver(l) salts (X =
ClO4, PFg, or NOy) afforded the respective anion-dependent complexes 1-6 with different topologies.
For examples, the reactions of m-L with AgCIO, and AgPF; yielded isostructural 1D zigzag polymers of
type [Ag(m-L)(X)], (1; X= CIO4 and 2; X= PFg). The reaction of m-L with AgNOs;, supramolecular
isomers 3 and 4 of type [Ag.(m-L)(NOs),], with different 2D network structures were obtained depending
on the molar ratios of reactants. Meanwhile, the reaction of p-Lwith AgCIO, afforded a double-stranded
1D polymeric array of formula [Ag(p-L)(CIO,)], (5). Treatment of p-L with AgPF¢ afforded a 2-fold
interpenetrated 3D polymeric array of formula {[Ags(p-L).](PFe)s4CH,Cl,}, (6). In addition, The
reaction of p-L with AgNO; also gave a multichannel type 3D polymeric array of formula [Agx(p-
L)(NOs3)], (7). The formations of such 1-3D supramolecular complexes are discussed in terms of anion

effect. Referencel. E. Lee, J.-Y. Kim, S. S. Lee, K.-M. Park, Chem. Eur. J. In press.
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Metallosupramolecules based on 1,4-Bis(4-pyridiyl)piperazine and
Aromatic Carboxylic Acid with Transition Metal lons
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Binary ligand system of bipyridine derivative and aromatic carboxylic acid was employed to prepare
metal-organic frameworks (MOFs 1-6). First, the reaction of 1,4-bis(4-pyridiyl)piperazine (L),
Zn(NOs),4H,0, and H,BDC in DMA vyielded a grid-type 2D network {[Zn,(L),(BDC),]4DMA4H,0},
(2). Interestingly, when DMF was used instead of DMA, {[Zn,(L),(BDC),]xDMF},, (2) adopting a 3D
channel structure was isolated as a supramolecular isomer of 1. In the reaction of L with Cu(NOs),3H,0
in the presence of H,BDC, a 2D network {[Cu(L)(BDC)]2DMA}, (3) in which the Cu(ll) and BDC form
a 1D double chain and further doubly linked by L in the axial positions. The reaction of L with
Co(NO3),6H,0 in the presence of H,SDB gave a 2D network {[Coz(HL),(SDB)4(H,0),]4H,0}, (4)
containing a paddle-wheel secondary building unit as a node. In the reaction of L with Co(NOs),6H,0 in
the presence of H,BTEC gave a 3D square channel structure {[Co,(BTEC)(H,BTEC)(H,0)](H,L)}, (5).
When 0.1 M NaOH solution was added, {[Co(BTEC)(H,0)4](H,L)}, (6) adopting a 1D zig-zag polymer

was isolated.
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Mole-Ratio Dependent Porous Co(ll) Coordination Polymers based on
Dipyridyl Ligand and Dicarboxylic Acid

Hlold 71x}4d Raghavender Medishetty! ©] 414" Jagadese J. Vittal'”

o)l 3}8l7 'Department of Chemistry, National University of Singapore, Singapore

Two Co(ll) MOFs (1 and 2, see the Scheme below) based on an olefinic dipyridyl ligand (bpeb) and 4,4’-
oxybisbenzoic acid (H,obc) showing different secondary building units (SBUs) are reported. The orange
block single-crystals of [Co(obc)(bpeb)]'5H,0 (1) adopting a 2-fold 3D structure were obtained from the
solvothermal reaction of Co(NOs),6H,0, H,obc, and bpeb in the equimolar ratio. When two equivalents
of Co(NOj3),6H,0 and H,obc were reacted with bpeb, the dark violet block single-crystals of
[Co,(obc),(bpeb)]2DMFH,0 (2) showing 3-fold 3D structure was isolated. Although the two 3D MOFs
prepared satisfy the conditions for the photo-dimerization but, to our surprise, they were found to be

photo-inactive. The details of our investigations will be presented.

:C(NO:()QGH_-_:O

| Any ratio

2-Fold interpenetrated 3D MOFs (1) 1+2 3-Fold interpenetrated 3D MOF (2)
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Exocyclic coordination based supramolecular assemblies of discrete
and polymeric complexes of a 14-membered O,S,-macrocycle

7<7] Leonard F. Lindoy*”™ o] 414"

etz 3}8l7 The University of Sydney

The preparation and structures of the exocyclic coordination® based supramolecular complexes of a 14-
membered O,S,-macrocycle (L)* with thiaphilic metal ions are reported.® Reactions of L with AgPFg in
acetonitrile afforded a bicyclic dimer complex [Ag,L,(CH3CN)4](PFe), (1), in which two PFg bridge two
Ag atoms in a bidentate manner to form a 3D bicycle. In methanol, however, the above reaction afforded
a bicyclic dimer complex [Ag;L,](PFe), (2). Reactions of L with AgCF;SO; in acetonitrile afforded a
propeller-like complex [Ag,L,(CF3S0s),]2CHsCN (3). L reacts with copper(l) halides and afforded an
isostructural complexes [(Cu,X,)L], (4: X = Cl, 5: X = Br) adopting a 2D network linked by square-type
Cu,X; cluster, while Cul gave a yellow emissive complex {[(Cuy4l4)L,]2.5H,0}, (6). Treatment of L with
copper(l) thiocyanate gave a 2D network [CULSCN], (7) in which Cu atoms are linked by SCN™ forming
a 1D backbone, then further cross-linked by L resulting in a grid structure. Reactions of L with equimolar
amount of Cu(CH3CN)4PFg gave a 1:2 (metal-to-ligand) complex [CuL,](PFe). (8) and a 2:3 complex
[Cu,L3](PF), (9) depending on the mole-ratio of the reactants. Reactions of L with HgX, (X = Br and I)
resulted in the formation of an interesting “ivy-leaves” shaped complex [HgLBr,], (10) and a single-
stranded complex [(Hgzl4)L], (11), respectively, adopting an infinite 1D structure. The reactions of L with
Pd(NO3), gave a 1:1 complex [PAL(NOs),] (12) and a 1:2 complex [PdL,](NOs), (13) depending on the
mole-ratio of the reactants. A one-pot reaction of Pd(NO3), with two equivalents of L also resulted in the
isolation of the bis(macrocycle) complex 13.1.S. Park, S. Y. Lee, K.-M. Park, S. S. Lee, Acc. Chem. Res.
2012, 45, 391.2.S. Y. Lee, J. Seo, I. Yoon, C.-S. Kim, K. S. Choi, J. S. Kim, S. S. Lee, Eur. J. Inorg.
Chem. 2006, 3525.3.S. Kim, E. Lee, K.-M. Park, S. S. Lee, CrysEngComm 2013, ASAP.



Solvent Dependency Mole-Ratio Dependency

P

n=1eq




tj3t3]8l3] #1123 23] % &= 273 (The 112th General Meeting of the Korean Chemical Society)

A Al: 2013\ 109 16~18Y (~+) 3Y 3t

o
B>

: ¥ CECO

1z
ke

T =: INOR.P-113
77188

2, 4E YA F 16:00~19:00

e
=21
A

o

-

e
=21
o\

=
ke

Calix[4]arene-based Supramolecular Heterometallogels
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Supramolecular gels constructed by the self-assembly of stimuli responsive low-molecular-mass gelators
have attracted particular interest because of their potential applications in many fields. To investigate the
structure-property relationships for the supramolecular heterometallogels, we have prepared two
calixarene-based gelators. Gelators 1 and 2 form heterometallogels K/Zn-gel and Rb/Zn-gel, respectively,
in the presence of Zn**. We were successful in growing corresponding single crystals suitable for X-ray
structure analysis from the K/Zn-gel and the Rb/Zn-gel. The single crystal derived from theK/Zn-gel
shows an interpenetrating 3-D network structure and that derived from the Rb/Zn-gel exhibits a 3-D
network with the honeycomb-type channel (see below). Basis on the crystal structures of the

heterometallogels obtained, the formation and physical properties of the heterometallogels are discussed.
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Similarities and differences in the properties of heterometallic and
porous MOFs with the flexible acs topology

T2 AYY
Pyl S8 50

Heterometallic approaches in the synthesis of metal-organic frameworks provide new opportunities to

discover porous materials with properties that are both academically interesting and practically appealing.

We have adopted this approach to successfully introduce Ti(IV) into Co(ll)-based open frameworks with

simple dicarboxylate ligands. In this presentation we focus on the gas sorption properties of the cobalt-

titanium-organic frameworks with the emphasis on the adsorption of carbon dioxide. Also reported are

the synthesis of new mixed-metal analogues based on cobalt-vanadium systems. Preliminary results

indicate that both similarities and differences exist in the structures and gas sorption behavior of Co-Ti

and Co-V MOFs that share a common network topology based on trigonal prism nodes.
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Synthesis, structure, and characterization of a new Zirconium-organic
framework, [Zr(PDC),(H,0),]-2H,0 [PDC=2,6-NCsH5(CO,),]

o| u—z‘s| __%.7(;-1?1*

A new zirconium-organic framework material [Zr(PDC),(H,0),]-2H,0O has been synthesized by a
hydrothermal reaction method. Single crystal X-ray diffraction was used to determine the crystal structure
of the reported material. [Zr(PDC),(H,0),]-2H,0 exhibits a pseudo-three-dimensional open-framework
structure containing a complicated network of hydrogen bonds. [Zr(PDC),(H,0),]-2H,O shows a
reversible dehydration/rehydration reaction, which is confirmed by powder X-ray diffraction. Activated
[Zr(PDC),(H,0),]-2H,0 reveals a selective CO, adsorption over N, or H,. Full characterization including
powder X-ray diffraction, elemental analysis, thermogravimetric analysis, spectroscopic analyses (IR,

UV-Vis, and NMR) and DFT calculations for the reported material is also presented.
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New Quaternary Scandium Vanadium Oxide material: Synthesis,
Structure, and Characterization of a-ScVSe,0Og, #-ScVSe,0g, and
ScVTe, O

Three new quaternary mixed metal oxide materials, a-ScVSe,Og, -ScVSe,0g, and ScVTe,Og, have been
synthesized by standard solid-state and hydrothermal reactions using Sc,03, V,0s, and SeO, (or TeO,) as
reagents. Although a-ScVSe,0g and S-ScVSe,0g exhibit three-dimensional (3D) frameworks, they have
different framework geometries: while a-ScVSe,Og is composed of VOg, ScOg octahedra, and SeOj
polyhedra, B-ScVSe,0g consists of VOs trigonal bipyramids, ScO; pentagonal bipyramids, and SeO3
polyhedra. In addition, ScVTe,Og shows a two-dimensional (2D) layered structure composed of ScOg
octahedra, VO, tetrahedra, and TeO, polyhedra. The reported materials were fully characterized by
Infrared spectroscopy, thermogravimetric analysis, and SEM-EDX. Bond valence sum (BVS) calculations

and magnitude of distortion for octahedra of d° cations are also presented.
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Transformation of an Open-Framework Cs;Ga;(5e03),, to a Layered
Hexagonal Tungsten Oxide (HTO) KGa3(SeO,),(OH)e

SHAN 7

FPey L 53}

Open-framework materials have been of great interest attributable to important applications such as
catalysis, gas adsorption, energy storage, and ion exchange. At the same time, hexagonal tungsten oxide
(HTO) materials have drawn a great attention attributed to photocatalytic, electrocatalytic, optical, and
adsorption properties. A three-dimensional (3D) open-framework material, Cs;Ga;(SeO3);, has been
successfully synthesized through a standard solid-state reaction using Cs,COjz;, Ga,Os, and SeO, as
reagents. The reaction between polycrystalline Cs;Ga;(SeOs);, sample and 1 M KNO; at 230 °C resulted
in a HTO-like KGa3(Se0,),(OH)s. KGaz(SeO,),(OH)g is the first layered HTO structure containing SeO,
tetrahedra. We found that an open-framework structure successfully transforms to a layered structure.
Single-crystal X-ray diffraction, infrared spectroscopy as well as thermogravimetric analyses have been

used to investigate the structures and characteristics of the reported materials.
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New Tris-tetrazolyl Iron Scorpionates with Dual Binding Sites

M 2R olEs
) epi 257}

Reaction of three equivalents of 5?(2?hydroxylphenyl)?1H?tetrazolyl (TzH2) with iron perchlorate in the
presence of three equivalents of metal hydroxide affords noble Fe metal framework [FeTz3]3-. By X-ray
crystallography, their formulas in solid were confirmed as
[{LiFeTz3(H20)}2{Li(H20)4}2{Li2(H20)7}(H20)4.5]n(1),[Na3FeTz3(H20)3]n(2),[K3FeTz3(H20)7]
n (3), and [Ca(FeTz3)2(H20)(DMF){Ca(H20)}{Ca(DMF)(H20)]n (4). [FeTz3]3- fragment has two
binding sites and its binding mode to metal ions highly defends on the used metal, which were studied by
solid state structure analysis. In complex 3 using potassium, both of binding sites were tightly connected
to metal center with k3 modes, forming a coordination sequence of K?(k3-N3)?FeTz3?(x3-03)?K?(k3-
03)?FeTz3?(x3-N3)?K. Simple addition of zinc perchlorate to complex 3 forms trimetallic coordination
polymer 5, which has honeycomb porous structure. Novel one dimensional metallic sequence of K-Fe-
Zn-Fe-K was observed. It was found that hetero bimetallic complexes [NaFeTz3]2- and [K2FeTz3]-

could be good chemical sensors for the detection of bidentate electron donating ligands.
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Zinc and Aluminum SALEN Complexes for Luminescent Polylactide

Zolg 1WA olEF
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Polylactone polymers (PLA) are biodegradable, biocompatible and non-toxic materials and thus they are
important, for example, in the area of the controlled drug-release devices, absorbable sutures, medical
implants for orthopedic use, disposable degradable plastic articles and scaffolds for tissue engineering.
Many elements of metal and non-metal such as Aluminum and Zinc have been used as catalytic centers
for the lactone polymerization. Recently, PLA having specific color have received a great attention for the
industrial propose. However we found that there is no example of PLA containing chromophores which
are very important in the electronic device application and selective sensing. In this context, we prepared
old-fashioned but new SALEN ligand having a hydroxy group, which is a good initiator in the ring
opening polymerization of lactide. By the reaction of SALEN ligand with Zn and Al metal precursor,
novel metal SALEN complexes have been synthesized easily. Their detailed properties and catalytic

performances in ring opening polymerization of lactide will be discussed.
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High Activity Titanium Catalysts Containing Tetrazolyl Ligand for
Cyclo-Addition of CO, to Epoxides
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A series of new half-sandwich titanocene [(1°-C5H5)TIiLCI2] (1) and non-organometallic titanium
complexes [TILCI3(THF)] (2) and [TiL2CI2] (3) containing 5-(2-hydroxyphenyl)tetrazole (LH) were

synthesized in high yield and fully characterized by various spectroscopic methods and X-ray

crystallography. In all complexes, ligand L acted as a monoanionic bidentate ligand and the hydrogen

bonding between the oxygen of the tetrahydrofuran and hydrogen of the tetrazolyl unit was observed. In

the cycloaddition of CO2 to propylene oxide, complex 3 showed highest activity among reported Ti

complexes.
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Supramolecular M4L2 Cages From Tetrapyridyl Metalloligands

Three dimensional M4L2 supramolecular cages have been synthesized with quantitative yields by the

simple combination of 4 equiv of flexible di-platinum or di-ruthenium accepters with 2 equiv of star

connector, tetrakis(4-pyridyl)cyclobutadienecyclopentadienyl metalloligand. (metal: Co and Fe). These

cages were characterized with multinuclear NMR scpetroscopy(1H and 31P) and high-resolution

electrospray ionization mass spectrometry. The structure of tetragonal-prismatic cage, self-assemblied

from a ruthenium metalloligand and tetratopic iron metalloligand, was confirmed by X-ray

crystallography. These complexes represented novel D4 cages systems.
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Nanoporous Metal Oxides with Tunable and Nanocrystalline
Frameworks via Conversion of Metal-Organic Frameworks

Nanoporous metal oxide materials are ubiquitous in the material sciences because of their numerous
potential applications in various areas, including adsorption, catalysis, energy conversion and storage,
optoelectronics, and drug delivery. While synthetic strategies for the preparation of siliceous nanoporous
materials are well-established, nonsiliceous metal oxide-based nanoporous materials still present
challenges. Herein, we report a novel synthetic strategy that exploits a metal?organic framework (MOF)-
driven, self-templated route toward nanoporous metal oxides via thermolysis under inert atmosphere. In
this approach, an aliphatic ligand-based MOF is thermally converted to nanoporous metal oxides with
highly nanocrystalline frameworks, in which aliphatic ligands act as the self-templates that are afterward
evaporated to generate nanopores. We demonstrate this concept with hierarchically nanoporous magnesia
(MgO) and ceria (CeO2), which have potential applicability for adsorption, catalysis, and energy storage.
The pore size of these nanoporous metal oxides can be readily tuned by simple control of experimental
parameters. Significantly, nanoporous MgO exhibits exceptional CO2 adsorption capacity (9.2 wt %)
under conditions mimicking flue gas. This MOF-driven strategy can be expanded to other nanoporous

monometallic and multimetallic oxides with a multitude of potential applications.
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Confined synthesis of Metal-Organic Frameworks (MOFs) in three-
dimensionally ordered macroporous (3DOM) carbon templates

A variety of choices for combination of metals and ligands makes MOFs being widely used as gas

storage/separation, catalytic and sensing materials. However, researches on MOFs have been facing many

challenges for their industrial applications due to the lower chemical and mechanical stability. To resolve

these issues, incorporation of MOFs into a hard template that offers intrinsic porosity and mechanical

stability has been suggested. Here, we propose a strategy to fabricate MOFs inside 3DOM carbon

materials with pore sizes ranged from sub-hundred to several hundreds of nanometers. Confined synthesis

of MOFs inside 3DOM carbon templates could produce a composite material that could maintain the

advantages of MOFs as well as mechanical strength and intrinsic porosity of 3DOM carbon materials.
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CO; Selective 3-D Cu-MOFs with Catalytic Activity
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