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. Hierarchical Zeolites in Catalysis

Prof. Dr. Emiel J.M. Hensen

Department of Chemistry and Chemical Engineering,
Eindhoven University of Technology (TU/e),
The Netherlands
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Zeolites are crystalline, porous silicates of great importance to catalysis, adsorption
and separation. The appeal of zeolites is attributable to distinct pore dimensions,
high surface areas, outstanding chemical and thermal stabilities, and the availability
of more than 220 topologies that can be targeted by appropriate synthesis. With
their (micro)pore size in the range of 0.3-2 nm, they can separate molecules on the
basis of size exclusion. Owing to their acidic (Brgnsted, Lewis type) properties,
they are widely used for shape-selective catalysis. Applications of zeolites as
catalysts in the chemical industry range from traditional cracking of oil feedstock to
novel processes such as methanol conversion to bulk chemicals. Prospective
applications include direct methane upgrading and sugar conversion.

In this lecture, 1 will discuss the main structural and chemical properties of zeolites
focusing on applications of zeolites as catalysts. Several processes will be discussed.
A major part of the lecture will be devoted to one of the great challenges in zeolite
catalysis, namely the diffusional resistance to molecules that have to traverse
zeolite crystals that are typically much larger than the pore dimensions. Strategies
to overcome slow diffusion will be highlighted. Making a next step towards
hierarchical/nanostructured zeolites requires understanding better how zeolites form,
which remains a considerable challenge.
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. Structure Sensitivity in Metal Catalysis

Prof. Dr. Emiel J.M. Hensen

Department of Chemistry and Chemical Engineering,
Eindhoven University of Technology (TU/e),
The Netherlands
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Catalysis is the science and technology of the control of the change in the
molecular structure of reactants to products (“chemical reaction”) by functional
materials (“the catalyst”). Catalysts not only accelerate the chemical reaction, they
also steer the direction of chemical transformation on the energy landscape and
therefore selectivity. One of the great challenges to heterogeneous catalysis is to
understand the dependence of the activity, selectivity and stability of catalytic
reactions on particle size and shape. The nanoscale dimensions of metal particles in
catalysts result in a very high reactive surface area. The intriguing aspect of
nanoparticle catalysis is that unique behavior appears when they become smaller
than 10 nm. In this regime their surface contains a significant fraction of surface
atoms with a lower coordination number (corners and edges) than terrace atoms,
exhibiting a dramatically different activity and selectivity. On nanoparticles the
surface atoms may also form unique topologies such as step-edge sites.

In the lecture, modern insights about structure sensitivity in heterogeneous catalysis
will be highlighted using several case studies on methane steam reforming and the
Fischer-Tropsch reaction. Due to rapid advances in computing power we can now
also describe reactivity of supported systems. Two examples will be highlighted,
that of carbon monoxide oxidation on ceria-supported metal nanoparticles and
ethanol oxidation on gold supported on a Cu-containing spinel support.
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& 8 : Multi-Disciplinary and Collaborative Efforts toward the
Novel Catalysis and Technology Design: Insight into the
C-H Functionalization and Water Oxidation Jungles

i fl : Prof. Jamal G. Musaev
Cherry L. Emerson Center for Scientific Computation, and
Department of Chemistry, Emory University, Atlanta, 30322, USA
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At first, 1 will briefly present our collaborative approaches to the /N
Solar-to-Chemical conversion including transition metal catalyzed RN L
water oxidation, designing of novel metal-to-metal charge transfer /\1 q
chromophores and methodology for interfacial electron transfer g /85_ -

dynamics. Then | will elaborate in details of our latest efforts on S‘o / QG
understanding the transition metal catalyzed C-H bond alkylation O—\és

and amination reactions. Our collaborative studies have revealed )-0

complexity, as well as key factors controlling reactivity and

selectivity of the transition metal catalyzed C-H bond

functionalization. Namely, we have demonstrated unprecedented roles of base, auxiliary ligands and
directing groups in the transition metal catalyzed C-H bond alkylation and amination. For example, it
was shown that addition of Cs,COs base to the reaction of Ni-dcype catalyzed C-H/C-O coupling of
benzoxazole and naphthalene-2-yl pivalate, forms the Ni(dcype)(Naph)[PivOCs-CsCO;] cluster
complex. Coordination of azole to the resulting cluster complex leads to an intermediate with a weak
Cs-N(azole) bond, the existence of which increases acidity of the activated C-H bond and reduces C-H
activation barrier. This emerging mechanistic knowledge was validated experimentally. Based on these
findings we proposed the modified catalytic cycle for the Ni(cod)(dcype)-catalyzed C-H/C-O biaryl
coupling of benzoxazole and naphthalene-2-yl pivalate.

Prof. Jamal Musaev is a Director of the Emerson Center for Scientific Computation
and Adjunct Professor of Chemistry at Emory University. He is a founding member of
the CCI-NSF Center for Selective C-H functionalization, and Emory’s Bioinspired
Renewable Energy Center. Dr. Jamal Musaev has over 35 years of experience in
developing new computational techniques and applying them to elucidate the
mechanism and controlling factors of various synthetic and enzymatic reactions. With
over 350 peer-reviewed publications, 300 invited seminars, and numerous international
and national awards, Dr. Musaev is regarded as an expert in the field of computational
sciences. Currently, Dr. Musaev’s group is studying the structure, stability and
reactivity of various POMs, transition metal complexes, clusters and metalloenzymes il ¥
with the aim to provide atomistic-level understandings of several state-of-art scientific and technologlcal
problems (such as water oxidation, C-H bond functionalization, etc.) and guide the design of new processes and
improve existing ones. Dr. Musaev got his MS (in physics) degree from Azerbaijan State University (Baku,
Azerbaijan) and PhD degree from USSR Academy of Science (Moscow, Russia).
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. Global-switching trajectory surface-hopping
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algorithm for conical intersections and
Intersystem crossings with its application to
photochemistry

=% i - Prof. Chaoyuan Zhu
National Chiao-Tung University, Taiwan
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We have developed global-switching trajectory surface-hopping algorithm
to treat both conical intersections and intersystem crossings on an equal
footing for nonadiabatic photophysical and photochemical processes. For the
conical intersections, we simulate switching probability estimated from
electronically adiabatic potential energy surfaces and its gradients along
on-the-fly trajectory. For the intersystem crossings, we simulate switching
probability estimated from constant spin-orbital couplings. In this way, the
present global-switching algorithm is computationally much faster than Tully’s
fewest-switching  algorithm.  Several  prototypical  examples  of
photoisomerization and photochemical reaction involving multi-state
nonadiabatic transitions are addressed in comparison with experimental
results.
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& . Synthesis of Functional Nanoporous Materials
for Energy Applications

% i - Prof. Kevin C.-W. Wu
Dept. Chemical Engineering,

National Taiwan University, Taiwan
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Nanoporous materials can be classified into three categories according to their pore size:
microporous (or metal-organic frameworks (MOFs) in this study) (< 2 nm), mesoporous (2 — 50
nm), and macroporous (> 50 nm). These nanoporous materials exhibit high surface areas,
controllable morphology (hanoparticle and thin films), and tunable surface functionalities (amino

group, thiol group, carboxylic group);

therefore, they show great potential in

many fields such as adsorption,

HE}I‘

separation and catalysis. In this talk, | sty Py acro

will first describe how we can Functional Nanoporous Matetials for Enerzy Applications
| |

synthesize  functional nanoporous

Energy storage Energy saving Bio-renewable energy

materials with pore sizes in the range

of micro-, meso-, and macropores. |

will then demonstrate several potential

energy-related applications  using

synthesized nanoporous materials.
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self-assemblies: Nanoparticles & Sub-10nm

highly nanostructured thin films

# i - Prof. Redouane BORSALI
77 v AENRE R 2 —
Wi 57 15 (CERMAV-CNRS) -
Grenoble Alpes University, France
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Current knowledge in macromolecular engineering allows for the
preparation of a myriad of tailored block copolymer morphologies, which
play distinguished, multifaceted roles in nanoscience and technology. Such
systems exhibit a remarkable ability to self-assemble into a great variety of
supra-macromolecular structures both in solution (nanoparticles) and in thin
films, whose domain spacing span from few to hundred nanometers. Most of
those systems are, however, derived from petroleum: A resource that is being
rapidly depleted! We have recently developed novel glycopolymer
(carbohydrate-based) leading by self-assembly process to thin films shooting
down to few nm-high-resolution nanoscale pattern which found a number of
key applications, spanning from nanolithography, pharmaceutical, and
biomedical engineering flexible electronic devices.
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Electrical Memory Device Applications

= i - Prof. Wen-Chang Chen
College of Engineering,

National Taiwan University
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In this lecture, 1 will discuss the device structure of organic
memory devices first (OFET) and the structural or morphological
factors to achieve high performance resistive- or transistor- memory
devices. The effects of conjugated length, donor-acceptor strength,
nanostructures, and interfacial barrier on the memory performance will

be presented.
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w & - Catalysis - A Powerful Means
for Sustainable Developments

= i . Prof. Evamarie Hey-Hawkins

Department of Chemistry and Mineralogy,
Institute of Inorganic Chemistry,
Leipzig University, Germany
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w & . Blodegradable tissue scaffolds and coronary
stents using nano-/micro-fibrillar polymer
composites approach

= i - Prof. Debes Bhattacharyya
Centre for Advanced Composite Materials,
The University of Auckland, New Zealand
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In several branches of the medical field, from cardiology to orthopaedics to tissue engineering,
there has been an increasing trend in the use of biodegradable materials in place of traditional,
biostable materials, such as metals, ceramics and synthetic polymers. Biodegradable polymers and
their composites are prominent in these areas and are of great interest for research because there is
much room for improvement. This paper will focus on the applications of nano-/micro-fibrillar
polymer composites in tissue scaffolds and bioabsorbable stents. It discusses the various aspects of
manufacturing and the product performance under different situations.

Poly(L-lactic acid) (PLLA) is also a common material under investigation for tissue scaffolds. A
large proportion of work in this area focuses on electrospinning to create tissue scaffolds but this
process requires the use of organic solvents, which leave undesirable traces even after washing. This
paper discusses a novel way of manufacturing scaffolds without the use of organic solvents. The
process involves drawing of an extruded polymer composite filament to fibrillate the dispersed phase.
After producing a network of nano-/micro-fibrils through a common manufacturing technique, the
matrix is removed via dissolution in water, leaving a 3-D fibrillar, nanoporous network. This network
can be used as a tissue scaffold with the advantage of having no residual organic solvent content. The
in-vitro cell culture results using bone and tendon cells show some excellent prospects for these
solvent-free novel scaffolds.

PLLA is also prominent in the field of bioabsorbable stents but it suffers from brittleness which
must be mitigated. One method of doing this is to blend PLLA with rubbery polymers for creating
ductile blends which strike a balance among ductility, strength, modulus and degradation
characteristics. However, some of these properties and creep characteristics get affected by the
degradation process. Blending another polymer and in-situ fibril creation are shown to go a long way
to mitigate some of these problems.
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w & - Structural Investigation of Combustion
Synthesized Cu/CeO; Catalysts by EXAFS
and Other Physical Techniques

= i : Prof. Prabhakar R. Sarode
Specially Appointed Professor, @

Institute for Catalysis, =y
Hokkaido University, Japan

Ao 2016 4 11 A 18 H (£4) 13:00~14:30

S 70T 4 T ARMEMREE T S S ]
dt f - AGTEE R SRR R R 2 Ze AT
C- =1

The structure and chemical environment of Cu in Cu/CeO: catalysts synthesized by the
solution combustion method have been investigated by X-ray diffraction (XRD),
transmission electron microscopy (TEM), electron paramagnetic resonance (EPR)
spectroscopy, X-ray photoelectron spectroscopy (XPS), cyclic voltammetry (CV), and
extended X-ray fine structure (EXAFS) spectroscopy. High-resolution XRD studies of
3 and 5 atom % Cu/CeO2 do not show CuO lines in their respective patterns. The
structure could be refined for the composition Ce;.xCuxO2.5 (X = 0.03 and 0.05; 6~ 0.13
and 0.16) in the fluorite structure with 5-8% oxide ion vacancy. High-resolution TEM
does not show CuO particles in 5 atom % Cu/CeO.. EPR as well as XPS studies
confirm the presence of Cu®* species in the CeO, matrix. Redox potentials of Cu
species in the CeO; matrix are lower than those in CuO. EXAFS investigations of
these catalysts show an average coordination number of 3 around the Cu?* ion in the
first shell at a distance of 1.96 A, indicating the O% ion vacancy around the Cu?" ion.
The Cu-O bond length also decreases compared to that in CuO. The second and third
shell around the Cu?" ion in the catalysts are attributed to - Cu?" - O* - Cu®*- at 2.92 A
and - Cu®"- O% - Ce*" - at the distance of 3.15 A, respectively. The present results
provide direct evidence for the formation of a CeixCuxO2-5 type of solid solution phase
having -0- Cu?"-O- Ce*" - kind of linkages.
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Nanoscale: The Mystery of Current
Spike and Nanoscale Confinement
=% i . Prof. Roman Nowak
Aalto University, Finland
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Introduction

One of the primary areas of research
concerns the discovery, understanding, and
control of the drastic property differences
between nanoscale and microscale volumes of
material. It recently became recognized that the
deformation of nanoscale volumes contrasts the
classical perception of microscale deformation,
where dislocations are the primary mode of
deformation (e.g., [1-3]). Our results combine
localized  electrical measurements  and
nano-mechanical probing to demonstrate that this
need not always be true [4]. Instead of
dislocation activity, the onset of permanent
deformation at the nanoscale may simply be the
result of a transition from one crystal structure to
another. This correlation is solidified by our
atomistic calculations [4-5] which prompted us to
further our consideration to semiconductor
nanoparticles [6] (see Fig. 2).

Fig. 1. The schematic of
nano-indentation  process
into the (001) plane of
GaAs crystal modelled by
MD-simulation.

The picture illustrates the
atomic arrangement prior to
and in course of the
penetration of a diamond
cube indenter into GaAs
cluster.

zinc-blende

deformed zone

Silicon  nanoobjects  exhibit  unique
electrical, optical as well as piezoelectric and
thermoelectric properties, which opens a broad
range of their applications. Extensive study of
the electrical and optical properties of silicon
nanoparticles somewhat overshadows their
mechanical properties. Given the evidence of the
significant impact of crystal imperfection on the
functional  properties  of  nanovolumes,
understanding their response to applied stress
draws growing interdisciplinary interest [7]. The
introduction of the “nanoscale confinement”
parameter [6] (never explicitly taken into
account so far for size-dependent phenomena)
resolves dilemma noted by the earlier studies
and offers avenues to a nanoscale device design.

Current spike - the signature of phase
transition

One of the fundamental questions in
materials science concerns the nature of
deformation of solids [8]. The onset of plasticity
is traditionally understood in terms of
dislocation nucleation and motion. A study of
nanoscale deformation has proven that initial
displacement transient events occurring in
metals are the direct result of dislocation
nucleation [1-3].
Here we show that nanoscale deformation may
simply be due to transition from semiconductor
to metal crystal structure as confirmed in the case
of GaAs [4-5]. Using a novel conductive
nanoindentation technique, we discovered the
essential link between this electrical transport
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phenomenon and the mechanical transient
(pop-in) exhibited by GaAs exclusively during
nanoscale deformation (see Fig. 2).

GaAs nano-scale plasticity governed by phase transfurmationj
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Fig. 2 The result of in situ nanoscale electrical
resistivity measurements of the (100) GaAs crystal
demonstrate the peculiar electric current spike
(reverse bias) that appears simultaneously with
pop-in event during indentation with conducting tip.
The Current-Time curve recorded during elastic nano
deformation proves leaking junction and immediately
after pop-in event —the restoration of a perfect
Schottky barrier. The phenomenon we named the
“Current Spike” is clearly visible, and its explanation
relies heavily on quantum calculations [4].

Our molecular dynamics (MD) modeling
and ab initio calculations of the processes that
occur in a tiny crystal volume right under the
loaded tip, brought into light the new scenario
(see Figs. 1 and 2). The pop-in incident that
solely reflects a nanoindentation-induced phase
transformation, is accompanied by no
dislocation nucleation. We reveal the transition
of GaAs from zinc-blend to rocksalt-like
structure hitherto unreported for the crystal
deformed by nanoindentation. The appearance
of new phase at the point marked by pop-in
event was documented by visualization of the
atomic positions and singularities in the
structural correlation functions [4-5]. This
correlation leads to the conclusion that a
previously unseen phase transformation is the
fundamental cause of nanoscale plasticity in
GaAs [4].

Indeed, anyone wishing to project to
nanoscale, even with such classic phenomena as
elastic or plastic deformation, will inevitably
look to the atomistic approach for answers. The
presented results lead to a major shift in our
understanding of elastic-plastic transition [5] as
well as inherent Schottky barrier formed in
semiconductors under local high pressures [4].
We expect this to hold true for a variety of other
covalently bonded materials, ultimately leading
to an increased understanding of nanoscale
plasticity and advances in pressure-sensing,
pressure-switching, and future phase-change
applications.

Nanoscale confinement of stressed volume

Nanoparticles are everywhere: in cosmetics
and for manufacturing transistors. In bulk, many
materials like silicon are as brittle as glass. In
nanoparticle shapes one billionth the size of a
window pane, they deform plastically. That is,
you can compress them to half their size and
they won’t shatter. How can this happen? Atom
by atom rearrangements are followed in the
computer and experimentally by squeezing small
spheres while simultaneously visualizing them
under the electron  microscope.  Such
mechanically induced shape changes occur by
different processes depending on size.

Here we present atomistic calculations and
supporting experimental results revealing a
heretofore unknown dislocation-driven
mechanism in Si nanoparticles. Molecular
Dynamics simulations match the experimental
data exhibiting striking contrast to deformation
of bulk Si surface. The observed behavior is
examined in the framework of the dilemma

concerning dislocation [1-3], or
phase-transformation [4-5,9] origin of the
incipient plasticity in nanoscaled solids.

MD-calculations and supporting experimental
results reveal that plasticity onset in Si
nano-spheres below 57 nm radius is governed by
dislocation-driven mechanisms, in striking
contrast to bulk Si where plasticity is dominated
by phase transformations [6,8]. With the broad
implications for nanotechnology, we establish
previously unforeseen role of ‘nanoscale
confinement” governing a transition in
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mechanical  response  from  “bulk” to
‘nanovolume’ behaviour (refer to Fig. 3).

" Deconfinement driven properties of Si nano-particles ]

Phase transformation

* Plasticity governed by:
Dislocation activity

R=106 nm

R=33nm

57 nm
Dislocation activity |

—— -
e | (ST

Phase transformation pressure

Fig. 2 Molecular dynamics calculations and
supporting experimental results reveal that plasticity
onset in Si nano-spheres below 57 nm radius is
governed by dislocation-driven mechanisms. These
findings are in contrast to bulk Si, where incipient
plasticity is dominated by phase transformations. The
shift from transition-driven to dislocation-governed
incipient plasticity is caused by progressing
deconfinement of stressed Si nanovolume.

Our findings reinforce previous studies
proposing that the onset of plasticity in
nanoscale volumes is driven by the
crystallography and geometry [1-5,8-9]. It is a
very encouraging demonstration of the way in
which  nanomechanics may contribute to
electronic and optoelectronic developments.
This understanding benefits processing of
nano-structures for electronic, magnetic and

AFEIHIL, RFBER G

|Atomistic simulations|

optical devices as well as biomedical
applications including drug delivery and
biosensors as indicated by Cross [7].
Furthermore, it provides a repeatable means for
generating  crystal  imperfections  which
dramatically impact functional properties and
biocompatibility.

The succinct explanation of this topic affects
future nano-devices and offer promise for
ultraviolet photo detectors, ‘laser on a chip’
devices, drug delivery and biological markers
[7-8].
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Inflammation is an important defence against pathogens and injury. The response is
orchestrated by a variety of extracellular mediators produced by both the injured tissue and
cells of the immune system. Typically the inflammatory response is transient and involves
both the repression of pro-inflammatory cells and the elimination of damaged cells along
with cells of the immune system. In many diseases and aging, inflammation is not resolved
and tissues become exposed to sustained levels of pro-inflammatory molecules. This
situation increases tissue destruction and carries the seed for cancer development. In this
situation the p53 tumor suppressor acts as a barrier for cancer progression. We will discuss
our data showing that the suppressor of cytokine signalling SOCS1 acts as a link to connect
inflammatory cytokines to p53 modulating the expression of genes regulated by p53.
Oncogenic kinases phosphorylate SOCS1 and block its interaction with p53 suggesting
novel therapeutic strategies to treat inflammation-related cancers.
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The use of N-heterocyclic carbenes (NHCs) as ancillary ligands for coordination to
transition metal complexes has undoubtedly constituted a major breakthrough in the area of
organometallic chemistry and associated reactivity over the past fifteen years. When
compared to their phosphine analogues, NHC-containing metal complexes usually exhibit
an inert NHC-M bond yielding an enhanced stability; this has opened the way to the
development of various and numerous robust NHC-incorporating metal catalysts that often
feature an increased activity in catalysis. Despite their fundamental interest and potential
utility in catalysis, oxophilic metal complexes bearing NHC ligands have been much less
studied as such complexes are typically thought to be less stable due to an easier
M-Cecarbene bond dissociation in such species. It is however well-established that NHC
coordination to oxophilic metals may also impart improved stability to the resulting
NHC-metal complexes. The synthesis, structural characterization and reactivity studies of
various group 4 metal, Zn(ll) and group 13 metal NHC-containing complexes is described.
We observed that the association of such oxophilic metal centers with a NHC moiety may
be of broad interest, ranging from unusual fundamental reactivity to the use of the derived
NHC metal complexes as effective polymerization catalysts and in CO2 functionalization
catalysis.
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Reinventing Protein Synthesis by
Developing New Organic Reactions
and Functional Groups

Professor Jeffrey Bode

Department of Chemistry and

Applied Biosciences, ETH=Zlrich

July 15,2016 14 : 45-16: 00
Hokkaido University, Frontier Research in Applied
Sciences Building 1F Seminar Room 1

Since 2010, Jeffrey Bode is Professor of Synthetic Organic Chemistry at ETH—ZUrich.
His research group works on the development of new reactions and their application to the
synthesis of small molecules and peptides, shapeshifting organic molecules, molecular

diagnostics, and novel materials.

Host: Graduate School of Chemical Sciences and Engineering Frontier Chemistry Center

Contact: Graduate School of Engineering, Hajime Ito (6561)

This seminar will be certified as a part of the “Topical Lectures in Chemical Sciences %

and Engineering” and the “Research in Chemical Sciences and Engineering II”.
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This seminar covers the recent studies in our group. We have
been developing a wide-field optical microscopy that enables
the mapping of local refractive index at high spatial and
temporal resolution, termed surface plasmon resonance
microscopy. In this seminar, | will introduce the principle,
history and recent development of this technique, and will focus
on how to resolve localized molecular interactions and electron

transfer processes occurring on heterogeneous interfaces.
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C22) E : Our society is highly dependent on the availability of cheap and easy to process plastics for diverse
applications, e.g., packaging, textiles, surface coatings, implants, etc. In many cases the non-degradability is an
advantage of these petrol-derived plastics. However, recently environmental concerns have been made public
based on scientific studies. Plastic particles and microfibers persist in the environment because they hardly
degrade.

An alternative material is poly(3-hydroxybutyrate) (PHB) which is similar in its properties to poly(propylene),
yet is fully biodegradable in the environment. PHB is typically synthesized by many bacteria under growth
conditions, where ample substrate (e.g., glucose) is available and growth is limited by a nutrient (e.g., ammonium).
Recently, the usage of glucose for PHB production has been heavily criticized because of the food—material
conflict.

The European project Synpol is focused on the implementation of an alternative carbon source: syngas.
Typically, the gas is composed of CO, CO,, H, and N, and is obtained from heating organic waste to 600°C. It has
been reported that Rhodospirillum rubrum accumulates PHB from syngas under anaerobic growth conditions. At
HES-SO Valais we installed a safe fermentation platform equipped with process analytical tools to monitor gas
consumption (online MS), redox potential (in situ redox probe), cell number and intracellular PHB content (at line
flow cytometry).

In this talk different fermentation strategies will be presented and also evaluated what kind of limitations of the
system need to be tackled.
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& ®  Anodic TiO, nanotubes as a platform for electrodeposited
nanostructures

% B Dr. Damian Kowalski
Faculty of Engineering, Hokkaido University
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Anodic alumina oxide (AAQ) is one of the most widely used hard template materials for
synthesis of electrodeposited nanostructures [1]. Anodic TiO, nanotube array [2] is even more
interesting template/matrix for deposition of secondary material in view of its specific geometry,
not really explored so far. Herein we discuss a general approach for building the blocks of TiO,
with conjugated polymers (CP) as a model case. [3] The use of CPs, for the most part in
electrochemical energy systems, is hampered by the need for processes that can perform control
of their structure at the nanometer scale. For instance, recent achievements in photovoltaic
devices will need further well-defined interpenetrated phases of semiconductor—polymer (e.g.
TiO,—P3HT) or polymer—polymer (e.g. PBHT-PCBM) to improve their performances in view of
relatively short exciton-diffusion-length which is typically 5-20 nm. We demonstrate formation
of specific geometries between p-type organic polymer and n-type inorganic semiconductor. Tree
distinctly different polymeric patterns can be established. We further explore our system to noble
metals (e.g. Au/TiO;), metalloids (e.g. Si/TiO,) and semiconductors (e.g. CdSe/TiOy). [4] The
synthesis routes, physicochemical properties and morphological aspects will be discussed in
view of possible applications of the materials.
[1] H. Masuda and K. Fukuda, Science, 268 (1995) 1466.
[2] D. Kowalski, D. Kim and P. Schmuki, Nano Today, 8 (2013) 235.
[3] D. Kowalski, and P. Schmuki, Chem. Comm., 46 (2010) 8585.
[4] D. Kowalski and J. Mallet, M.Molinari, J.Mater.Chem.A, 3 (2015) 6655.
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: Empowering Inert Polyethers:

Synthesis and Biological Applications of

Stimuli-Responsive Polyglycerols
Assoc. Prof. Byeong-Su Kim
Department of Chemistry,
Ulsan National Institute of Science )
and Technology (UNIST), S
Korea
2017$1H 20 H (%) 16:30~17:30

ﬁfsffifﬂ . 4 bRz (MC526)

Poly(ethylene glycol) (PEG) is by far the most well-known synthetic
biocompatible polymer for its widespread use in the food, cosmetics, and
biomedical applications. However, its limited functionality combined with its
challenging synthetic nature often poses challenges for advanced material
design and synthesis. Recently, polyglycerols and their derivatives are
emerging as alternatives for next-generation biocompatible polymers with
controlled functionalities and architectures. The present talk will cover the
design and the synthesis of well-defined stimuli-responsive polyglycerols such
as pH-, light-, and redox-stimuli for biocompatible and biodegradable smart
drug delivery systems. Furthermore, our recent effort in the development of
novel functional epoxide monomers with multifunctionality will be
highlighted.
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cellulose hydrogel for 3D neuronal
bilayer formation
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Bacteria-driven biopolymers have drawn much attention due to their unconventional
3-dimensional structures and interesting functions, which are closely correlated with
bacterial physiology. Herein, we report the non-genetic modulation of bacterial cellulose
(BC) synthesis by Acetobacter xylinum and its application to the layered neuronal tissue
emulation. The controlled dispersion of graphene oxide (GO) nanoflakes into culture media
not only intervenes the molecular interaction within a cellulose crystalline nanofibril but
also modulate the collective association of bacterial bodies, leading to the cellulose
nanofibrillar hydrogel with reduced Young’s modulus (~50%) and flattened surface profiles.
Furthermore, the real-time investigation of 3D neuronal networks constructed in this
GO-incorporated BC hydrogel with broken chiral nematic orderness revealed the vertical
locomotion of growth cones, the accelerated neurite outgrowth (~100 um/day) with reduced
backward travel length (~6 pum at Day 1), and the efficient formation of synaptic
connectivity with distinct axonal bifurcation points. In comparison to the pristine BC,
GO-BC supports the formation of well-defined neuronal bilayer networks with flattened
surface profiles and vertical axonal outgrowth, which can emulate the in vivo neuronal
development. We envision that our findings may contribute to various applications of
non-genetically engineered BC hydrogel materials to fundamental neurobiology studies,
neural engineering, etc.

W O B O m
of w m 3 F

AFEIL, RFBER AT B T At iommanse (B LEEIRAR) a2 RehIiise s —
(LR MRAEERER)] o—fe LTRESNTVET,

AT - AT AL ek O (FI#R ¢ 6602)
JA T4 7IeEHERARE L2 —



/ Frontier Chemistry Center SRR
20T« EFEERF T F—

w & . Optoelectronics Properties of Nanostructured
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Polymers as new materials have received considerable attention for
electronics and optics due to their unique advantages such as low cost,
flexibility, light weight, and potential for large area device fabrication. These
advantages encouraged many scientists to improve the optical and electrical
properties. Changing either the structure deign and synthesis methodology of
polymers are important methods for improving these properties. Moreover,
self-assembly of polymers at nano-size level is an elegant and powerful
approach for enhancing optoelectronic device. Recently, the methods for
realizing crystalline polymers with well-ordered structures have been
developed to maximize the efficiency of the optical and electrical properties.
In this presentation, the research will be introduced in accordance with above
mentioned methods.
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. Bioinspired Design of Dynamic and

Self-Healing Polymer Materials
Prof. Zhibin Guan

Department of Chemistry, University of California, Irvine
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One research goal of my group is attempting to merge supramolecular
chemistry and material chemistry for the design of advanced polymeric
materials with dynamic properties. Many natural biopolymers not only
have advanced mechanical properties such as high modulus, toughness,
and elasticity, but also exhibit dynamic properties. Inspired by Nature,
we have designed a series of biomimetic modular polymers with folded
nano-domains as the repeat units. These new material manifest an
exciting combination of key mechanical, as well as adaptive, properties
that have until now proven difficult to achieve in man-made systems.
Single molecule force was used to correlate the exceptional mechanical
properties with their molecular structures. Recently, we developed a
biomimetic multiphase design of stiff and spontaneous self-healing
polymers. In contrast to previous designs, our system spontaneously
self-heals as a single-component solid at ambient conditions without the
need of any external stimulus, healing agent, plasticizer, or solvent.
Most recently, we reported self-healing polymer design by dynamic
covalent bond exchange via olefin metathesis. In this presentation, | will
discuss the design, synthesis, and single molecule and macroscopic
property studies of our biomimetic dynamic polymers, including stiff
and autonomic self-healing systems.
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