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Molecule is a fundamental unit of materials, origin to form their properties and functions. Molecular functions are in variety of systems,
from individual molecules to molecules in the cosmos, in biology systems and in man-made devices. To understand the molecular functions
and to highly utilize the systems, Molecular Science now requires bold strides across chemistry, materials and biological sciences.

For nearly 50 years, the Institute for Molecular Science (IMS) has been a leading research center for molecular science. With the support
from the community of related research fields, IMS will continue standing as a comprehensive inter-university research institute, providing a
place of joint-research, exchanging global researchers and nurturing young scientists.

IMS has six cores to shape its research activities: Department of Theoretical and Computational Molecular Science, Photo-Molecular
Science, Materials Molecular Science, and Life and Coordination-Complex Molecular Science, Research Center of Integrative Molecular
Systems: an interdisciplinary playground exploring molecular-hierarchy systems, and Center of Mesoscopic Science propels methodological
and functional studies of molecular systems. IMS houses open-use research facilities including UVSOR to promote discovery of molecular
behaviors. In cooperation with the Exploratory Research Center on Life and Living Systems (ExCELLS) of the National Institutes of Natural
Sciences, IMS will continue to take on the challenge of opening up new scientific fields by promoting research that leads the scientific field
based on the fundamentals of academic research.

Keeping its foundation on basic research, IMS will never stop being at the forefront of future Molecular Science.

Institute for Molecular Science

Director General WATANABE, Yoshihito
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Core research sites to grow new scientific fields
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Inter-University Research Institute
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We promote frontier research in
the field of Molecular Science.
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What is IMS?
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We offer open access to researchers from Japan and
abroad to both our facilities and equipment.
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Fostering of Young Researchers
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We commit ourselves to educating students and fostering
the next generation of Molecular Scientists.
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Each research staff of Institute for Molecular Science (IMS)
belongs to a department or to a research facility. Majority of
the technical staffs are assigned to Research Facilities.
Supporting activities such as safety, public affairs, international
affairs, and so forth are organized by dedicated staffs. We also
have facilities (including Research Center for Computational
Science, RCCS) shared with two other institutes (National
Institute for Basic Biology, National Institute for Physiological
Sciences) in the same campus. In 2018, Exploratory Research
Center on Life and Living Systems (ExCELLS) has been
launched as a new Research Center belonging to National
Institutes of Natural Sciences, with which three Okazaki
Research Institutes cooperate. Some research groups in these
Centers are appointed also as those of IMS, and promote and

support collaborations with researchers in universities or other
research organizations as well.
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Total: 254

as of April 2022

{Bs of April 2022) HRIERIFFRE 12

Special Inter-University Researchers 12

A% 37
Graduate Students 37

2449
Students 49

BT EE 54

Secretaries Technical Fellows 54

HEBPIE 16
Specially Appointed
Senior Specialists 16

P& 1 Director General 1

H4% 17 (2) Professors 17 (2) (Included 2 Cross Appt.)

S 1 Distinguished Professor 1

HERIE16 (1)
Associate Professors 16 (1) (Included 1 Cross Appt.)

o FEFRFE 1 Senior Researcher 1

Bh# 31 Assistant Professors 31

$HEBNZN 2 Research Assistant Professors 2
BYF 3 Research Assistants 3

358 27 Researchers 27

FiftT#EE 34 Technical Staff 34
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Institute for Molecular Science founded (April 22, 1975)
Instrument Center established (-March 1997)
Equipment Development Center established

Chemical Materials Center established (-March 1997)

Computer Center established (-March 2000)
Low-Temperature Center established (-March 1997)

Okazaki National Research Institutes (ONRI) founded (-March 2004)
UVSOR Facility established
Coordination Chemistry Laboratories established (-March 2007)

Graduate University of Advanced Studies founded

School of Mathematical and Physical Science, Department of
Structural Molecular Science/Department of Functional Molecular
Science established

Laser Research Center for Molecular Science established
(-March 2017)
Research Center for Molecular Materials established (-March 2002)

Research facilities (Okazaki Institute for Integrative Bioscience
(-March 2018) and Research Center for Computational Science) established

Research Center for Molecular-scale Nanoscience
established (-March 2013)

National Institutes of Natural Sciences founded as one of the four
Inter-University Research Institute Corporations

7 Departments reorganized to 4 Departments
Instrument Center re-established

Research Center of Integrative Molecular Systems established
Center for Mesoscopic Sciences established

Exploratory Research Center on Life and Living Systems established
(National Institutes of Natural Sciences)

Technical and Engineering Department established.
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1988 FBERAAFET S
BRZR, 1990 F AP F K P
TERRABHELREET.
19955 1+ () (¥8FAX) o
1990 FRIFHRFRE.
1994FREERFIEFERENF.
1998 F B HUR &% CT20055F
108 KDIRH. 1999FE 4
YRR 200045 [E IR
GBI\ AT VAT IREIS—,
2005FRRAFREHIE.
20065 H'52010FRRAE.
20084F EH L BEFRFM AT,
2020Fh52024 £ Indian
Institute of Technology
KanpurZ 5%,

TEL: 0564-55-7300

mail: shinji@ims.ac.jp

1988 B.S. Keio University
1990 M.Eng.KyotoUniversity

1995 Ph.D. The Graduate
University for
Advanced Studies

1990 Technical Associate,
Institute for Molecular
Science

1994 Research Associate,
Nagoya University

1998 Associate Professor,
Nagoya University

2005 Professor, Institute for
Molecular Science

2006 Professor, The Graduate

University for Advanced
Studies

{Keywords)
Fluctuation,
Reaction,
Function,

Glass Transition
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Theoretical Studies on Dynamics behind Reactions, Functions,
and Glass Transitions in Many-Body Molecular Systems
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Scheme of enzymatic reaction. Reactions rapidly take
place through 'conformational excited states' on a two-
dimensional surface expressed by fast and slow variables.
(Mori and Saito, J. Phys. Chem. Lett. 10, 474-480 (2019).)

SEX

1) T. Yagasaki and S. Saito, “Fluctuations and Relaxation
Dynamics of Liquid Water Revealed by Linear and
Nonlinear Spectroscopy,” Annu. Rev. Phys. Chem. 64,
55-75 (2013) (invited).

2) K. Kim and S. Saito, “Multiple Length and Time Scales of
Dynamic Heterogeneities in Model Glass-Forming Liquids:
A Systematic Analysis of Multi-Point and Multi-Time
Correlations,” J. Chem. Phys. (Special Topic: Glass
Transition) 138, 12A506 (13 pages) (2013) (Invited).

3) T. Mori and S. Saito, "Conformational excitation and

non-equilibrium transition facilitate enzymatic reactions:

Many-body molecular systems, such as liquids and
biomolecules, show complicated dynamics over
a wide range of spatiotemporal scales and yield
various thermodynamic properties. For example, in
supercooled liquids, spatiotemporal non-uniform
motions are found. The motions known as dynamic
heterogeneity are now considered a crucial clue to
understanding supercooled liquids and glass
transition. The heterogeneous dynamics affect
reaction dynamics. Furthermore, recent experimental
and theoretical studies have demonstrated that
reactions and conformational dynamics at the single-
molecule level are described by non-Poisson processes.
In addition to these examples, it is known that
conformational changes with proper time scales are
essential to protein functions. Thus, understanding
heterogeneous dynamics in the many-body molecular
systems is essential to elucidate thermodynamics and
dynamic properties, reactions, and functions. So far,
we have studied the complicated dynamics in these
systems using multidimensional spectroscopy and
multi-time correlation functions. As the development of
these studies, we theoretically and computationally
investigate how reactions proceed and biological
functions are generated in fluctuating environments
and how conformational dynamics yield interesting
thermodynamic properties and change toward glass
transition.

Schematic figure of low- (blue) and high- (red) density
local structures in supercooled water. Local density
fluctuations generate thermodynamic and dynamic
anomalies of water. (Saito et al., J. Chem. Phys. 149,
124504 (8 pages) (2018).)

Application to Pin1 peptidyl-prolyl isomerase," J. Phys.
Chem. Lett. 10, 474-480 (2019).

4) S. Saito, M. Higashi, and G. R. Fleming, "Site-dependent
fluctuations optimize electronic energy transfer in the
Fenna-Matthews-Olson protein," J. Phys. Chem. B 123,
9762-9772 (2019).

5) S. Saito and B. Bagchi, "Thermodynamic picture of
vitrification of water through complex specific heat and
entropy: A journey through "No Man's Land"," J. Chem.
Phys. 150, 054502 (14 pages) (2019).
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TEL: 0564-55-7301

mail: eminamitani@ims.ac.jp

2005 B.S. Osaka University
2010 Ph.D. Osaka University

2010 Postdoctoral Fellow,
Osaka University

2011 Special Postdoctral
Researcher, RIKEN

2013 Assistant Professor,
The University of Tokyo

2015 Lecturer,The University
of Tokyo

2019 Associate Professor,
Institute for Molecular
Science
Associate Professor,

The Graduate University
for Advanced Studies

{Keywords)

Quantum Many-Body
Interaction,

Density Functional Theory,

Quantum Field Theory,

Electron-Phonon
Interaction,

Magnetism
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Theoretical Studies on Novel Physical Properties Arising

from Many-Body Interaction
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1) Emi Minamitani, Noriyuki Tsukahara, Daisuke
Matsunaka, Yousoo Kim, Noriaki Takagi, Maki Kawai,
“Symmetry-driven novel Kondo effect in a molecule”, Phys.
Rev. Lett.,, 109 (2012) 086602.

2) Emi Minamitani, Ryuichi Arafune, Noriyuki Tsukahara,
Yoshitaka Ohda, Satoshi Watanabe, Maki Kawai, Hiromu
Ueba, Noriaki Takagi, “Surface phonon excitation on clean
metal surfaces in scanning tunneling microscopy”, Phys.
Rev. B, 93, 085411 (2016).

3) E. Minamitani, N. Takagi, S. Watanabe, “Model Hamiltonian
approach to the magnetic anisotropy of iron phthalocyanine
at solid surfaces”, Phys. Rev. B, 94, 205402 (2016).

Quantum many-body interaction is a source of novel
physical properties in the condensed matters. In our
group, we develop theoretical methods by combining
quantum field theory and density functional theory,
and carry out collaborative research with experimental
groups. As specific targets, we focus on magnetism in
nanostructure and energy dissipation.

For magnetism in nanostructure, we are interested
in the Kondo effect and spin-orbit interaction. The
Kondo effect arises from the interaction between the
localized spin and conduction electrons, which forms
a characteristic many-body state so called the Kondo
singlet state. The spin-orbit interaction originating
from relativistic effect constrains the direction of
magnetic moment to specific direction. We investigate
the possibility of novel physical phenomena induced
by these interactions in the nanostructure and
molecules on surfaces.

For energy dissipation, we focus on the effect of
electron-phonon interaction. The electron-phonon
interaction is one of the most fundamental interactions
in the condensed matter physics, and the quantitative
evaluation in realistic materials is highly demanding.
We adopt the ab-initio calculation to analyze the signal
of electron-phonon coupling in surface spectroscopy
and thermal properties in various kind of solids.

Quantum field theory Ab-initio calculation
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Schematic image of the theoretical method developed
in our group

4) R. Hiraoka, E. Minamitani, R. Arafune, N. Tsukahara,
S.Watanabe, M. Kawai, and N. Takagi, “Single-Molecule
Quantum Dot as a Kondo Simulator”, Nat. Commun., 8
16012 (2017).

5) Emi Minamitani, Ryuichi Arafune, Thomas Frederiksen,
Tetsuya Suzuki, Syed Mohammad Fakruddin Shahed,
Tomohiro Kobayashi, Norifumi Endo, Hirokazu Fukidome,
Satoshi Watanabe, Tadahiro Komeda, “Atomic-scale
characterization of the interfacial phonon in graphene/SiC”
Phys. Rev. B, 96, 155431 (2017).
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TEL: 0564-55-7310

FAX: 0564-53-4660

mail: ishizaki@ims.ac.jp

2008 D.Sc. Kyoto University

2006 JSPS Research Fellow,
Kyoto University

2008 JSPS Postdoctoral
Fellow for Research
Abroad, University of
California, Berkeley

2010 Postdoctoral Fellow,
Lawrence Berkeley
National Laboratory

2012 Research Associate
Professor, Institute for
Molecular Science

2013 Fellow 2012-2013,
Wissenschaftskolleg
zu Berlin

2016 Professor, Institute for
Molecular Science

{Keywords)

Quantum Dynamics,

Energy/Charge Transfer,

Photosynthetic
Light Harvesting
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Theoretical Studies of Quantum Dynamics in

Condensed Phase Molecular Systems
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1) A. Ishizaki & G. R. Fleming, “Unified treatment of quantum
coherent and incoherent hopping dynamics in electronic energy
transfer,” J. Chem. Phys. 130, 234111 (2009); (10 pages).

2) A. Ishizaki & G. R. Fleming, “Theoretical examination of quantum
coherence in a photosynthetic system at physiological
temperature,” Proc. Natl. Acad. Sci. USA 106, 17255-17260 (2009).
3) A. Ishizaki & G. R Fleming, “Quantum coherence in
photosynthetic light harvesting,” Annu. Rev. Condens.
Matter Phys. 3, 333-361 (2012).

4) G. S. Schlau-Cohen, A. Ishizaki, Tessa R. Calhoun, Naomi S.
Ginsberg, Matteo Ballottari, Roberto Bassi & Graham R. Fleming,
“Elucidations of timescales and origins of quantum electronic
coherence in LHCII,” Nature Chemistry 4, 389-395 (2012).
5) G. D. Scholes et al. “Using coherence to enhance function in
chemical and biophysical systems,” Nature 543, 647-656 (2017).

Essentially, any quantum systems can never be
regarded as “isolated systems.” Quantum systems are
always in contact with “the outside world” and hence,
their quantum natures are sometimes sustained and
sometimes destroyed. In condensed phase molecular
systems, especially, quantum systems are affected by
the huge amount of dynamic degrees of freedom such
as solvent molecules, amino acid residues in proteins,
and so on. Balance between robustness and fragility
of the quantum natures may dramatically alter
behaviors of chemical dynamics.

One of the notable examples of such quantum
dynamical phenomena is the energy transport and
energy conversion processes in photosynthetic
systems. Photosynthesis provides the energy source
for essentially all living things on Earth, and its
functionality has been one of the most fascinating
mysteries of life. The conversion starts with the
absorption of a photon of sunlight by one of the
light-harvesting pigments, followed by transfer of
electronic excitation energy to the reaction center,
where charge separation is initiated. At low light
intensities, surprisingly, the quantum efficiency of the
transfer is near unity. A longstanding question in
photosynthesis has been the following: How does light
harvesting deliver such high efficiency in the presence of
disordered and fluctuating dissipative environments?
Why does not energy get lost? At high light intensities,
on the other hand, the reaction center is protected by
regulation mechanisms that lead to quenching of
excess excitation energy in light harvesting proteins.
The precise mechanisms of these initial steps of
photosynthesis are not yet fully elucidated from the
standpoint of molecular science.

Our group is investigating quantum dynamical
phenomena in condensed phase molecular systems
such as energy transport and conversion processes in
photosynthetic systems through the use of quantum
dissipative theories and nonlinear optical response
theories in close collaboration with experimental
researchers of optical spectroscopy.
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plants containing over 50% of the world’s chlorophyll
molecules.
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Calculating Resonance States of Metastable Anions,”
Chem. Phys. Lett. 537, 107-112 (2012).

2) R. Cammi, R. Fukuda, M. Ehara, H. Nakatsuji, “SAC-CI
Method in the Polarizable Continuum Model-Theory for
Solvent Effect on Electronic Excitation of Molecules in
Solution,” J. Chem. Phys. 133, 024104-1-24 (2010).

3) R.N. Dhital, C. Kamonsatikul, E. Somsook, K. Bobuatong,
M. Ehara, S. Karanjit, H. Sakurai, “Low-Temperature Carbon-
Chlorine Bond Activation by Bimetallic Gold/Palladium
Alloy Nanoclusters: An Application to Ullimann Coupling,”
J. Am. Chem. Soc. 134, 20250-20253 (2012).

4) P. Hirunsit, K. Shimizu, R. Fukuda, S. Namuangruk, Y.
Morikawa, M. Ehara, “Cooperative Hz> Activation at Ag
Cluster/6-Al203(110) Dual Perimeter Sites: A Density
Functional Theory Study,” J. Phys. Chem. C. 118,
7996-8006 (2014).

Various chemical phenomena in nature appear
originating in molecular electronic states. We develop
the advanced electronic structure theories to
investigate the photochemistry and catalysis. Our
current research subjects are as follows.

(1) Advanced electronic structure theories for large
complex systems

Complex electronic structure exists in molecular
electronic states and chemical reactions. We develop
the advanced electronic structure theories and their
efficient computational algorithm applicable to large
complex systems and investigate various phenomena
in fundamental and applied chemistry; for example,
PCM SAC-CI for the solvent effects on excited states
and chemical reactions, CAP/SAC-CIl and ACCC
SAC-CI for metastable resonance states, SAC-CI
general-R for complex electronic states, and XP-PCM
for high pressure effects on electronic states and
reactions.

(2) Heterogeneous catalysts

Metal nanoclusters (NC) supported by metal oxides
or colloidal phase polymers achieve highly efficient
catalytic reactions. We study the catalytic activity of
these complex systems in view of metal support
interaction and alloy effects using quantum chemical
calculations. For example, we elucidated the mechanism
of the low-temperature C-Cl activation on Au-Pd
NC:PVP, various catalytic reactions on Au NC:PVP,
and the H: activation of Ag NC/alumina. We challenge
the development of advanced heterogeneous
catalysts in the project of Elements Strategy Initiative
for Catalysts and Batteries (ESICB) collaborating with
experimental groups.

u n® resonances of DNA and RNA bases

H i
CAR/SAC-CI [

Fig. 1 Electronic resonance states of DNA/RNA nucleobases
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Fig. 2 Solvation dynamics of Au/Pd alloy nanocluster
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Fig. 1 (a) Free-energy landscape and (b) typical structures at
local-minimum free-energy states of C-peptide.

Biomolecules such as proteins and peptides have
complicated free-energy landscape with many local
minima. The conventional canonical-ensemble
molecular dynamics (MD) simulations tend to get
trapped in a few of the local-minimum states. To
overcome these difficulties, we have proposed
new generalized-ensemble algorithms, such as
replica-permutation method. We apply these methods
to proteins and peptides and try to predict the
native structures of proteins as in Figure 1.

We are also interested in amyloid fibrils, which
are insoluble aggregates of misfolded fibrous
proteins and associated with more than 20 human
neurodegenerative diseases (Figure 2). For example,
Alzheimer’s disease is related to amyloid-p (AB)
peptides. To overcome these diseases, it is essential
to understand amyloid genesis and disruption. We
perform such MD simulations of amyloid fibrils.

SER

1) H. Okumura and S. G. Itoh, “Structural and fluctuational
difference between two ends of AB amyloid fibril: MD
simulation predicts only one end has open conformations”,
Sci. Rep. 6, 38422 (9 pages) (2016).

2) S. G. Itoh and H. Okumura, “Oligomer formation of
amyloid-B(29-42) from its monomers using the Hamiltonian
replica-permutation molecular dynamics simulation”, J. Phys.
Chem. B 120, 6555-6561 (2016).

3) H. Okumura and S. G. ltoh, “Amyloid fibril disruption by
ultrasonic cavitation: Nonequilibrium molecular dynamics
simulations,” J. Am. Chem. Soc. 136, 10549-10552 (2014).

4) S. G. ltoh and H. Okumura: “Replica-permutation method
with the Suwa-Todo algorithm beyond the replica-exchange
method”, J. Chem. Theory Comput. 9, 570-581 (2013).

() = 1095 ps

Fig. 2 Disruption process of an amyloid fibril of A peptides
by supersonic wave. The amyloid fibril is disrupted when a
bubble collapses.
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1) K. Okazaki & G. Hummer, “Elasticity, friction, and pathway
of gamma-subunit rotation in FoF1-ATP synthase.” Proc.
Natl. Acad. Sci. USA 112:10720-10725 (2015).

2) K. Okazaki, D. Wéhlert, J. Warnau, H. Jung, 0. Yildiz,
W. Kihlbrandt and G. Hummer “Mechanism of the
electroneutral sodium/proton antiporter PaNhaP from
transition-path shooting”, Nature Communications 10,
1742 (10 pages) (2019).

3) BIFE— “HFIVIab—ravICkDNaHAIRERXIAD XS
ZALEREERREZ LB Y 60:102-104 (2020).

Biomolecular machines, such as molecular motors
and transporters working in the cell, are known to
change their structure when they function. For
example, ATP synthase, which synthesizes ATP in
mitochondria, is a molecular motor that uses chemical
energy to rotate. Transporters, which transport
substrate molecules across the cell membrane,
perform substrate transport by changing their structure
between an inwardly and outwardly open structure
relative to the membrane. Our goal is to elucidate the
mechanism of these elaborate and dynamic
nanomachines created by nature at the atomic and
molecular level, and to control their functions based on
our findings.

We would like to understand the mechanism of
biomolecular machines by “seeing” the motion of
biomolecular machines at the moment they function, on
a computer at the atomic and molecular level.
However, this is not an easy task, because
biomolecular machines are huge molecules, and their
functioning time scale is slow (for a molecular scale) at
milliseconds or more. It is difficult to simulate the
millisecond time scale motion of a huge system
consisting of hundreds of thousands of atoms or more
using conventional methods. Therefore, we are trying
to capture the motion at the moment of function by
using methods such as an importance sampling
technique, or coarse-graining multiple atoms together.

We have been working on ATP synthase, which is
the main energy source in the cell”, and Na*/H*
antiporter?-® which regulates ion concentrations in the
cell. For the Na*/H* antiporter, we captured the moment
of ion transport by simulations and identified the key
interactions that regulate ion transport. By
experimentally modulating this interaction, we
succeeded in increasing the ion transport rate more
than twofold. In this way, we will challenge functional
control based on the mechanism of the biomolecular
machine elucidated by simulation.

Control of the transporter function based on mechanism
elucidated by simulation.
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2) “Actively tailored spatiotemporal images of quantum
interference on the picometer and femtosecond scales,”
H. Katsuki et al. Phys. Rev. Lett. 102, 103602 (2009).

3) “Ultrafast Fourier transform with a femtosecond laser
driven molecule,” K. Hosaka et al. Phys. Rev. Lett. 104,
180501 (2010).
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5) “All-optical control and visualization of ultrafast

two-dimensional atomic motions in a single crystal of

It is observed in the double-slit experiment by Akira
Tonomura and coworkers that single electrons
recorded as dots on a detector screen build up to
show an interference pattern, which is delocalized
over the screen. This observation indicates that a
delocalized wave function of an isolated electron
interacts with the screen, which is a bulk solid
composed of many nuclei and electrons interacting
with each other, and becomes localized in space.
This change, referred to as “collapse” in quantum
mechanics, is often accepted as a discontinuous
event, but a basic question arises: When and how the
delocalized wave function becomes localized? Our
dream is uncovering this mystery by observing the
spatiotemporal evolution of a wave function
delocalized over many particles interacting with each
other. Having this dream in mind, we have developed
coherent control with precisions on the picometer
spatial and attosecond temporal scales. Now we
apply this ultrafast and ultrahigh-precision coherent
control to delocalized wave functions of macroscopic
many-particle systems such as an ensemble of
ultracold Rydberg atoms and a bulk solid, envisaging
the quantum-classical boundary connected smoothly.
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Fig.1. Spatiotemporal images of a wave function, which
has been designed and visualized in the iodine molecule
with precisions on the picometer spatial and attosecond
temporal scales. Adopted from ref. 2).

bismuth,” H. Katsuki et al. Nature Commun. 4, 2801 (2013).
6) “Direct observation of ultrafast many-body electron
dynamics in an ultracold Rydberg gas,” N. Takei et al.
Nature Commun. 7, 13449 (2016).

7) “Ultrafast coherent control of condensed matter with
attosecond precision,” H. Katsuki et al., Acc. Chem. Res.
51, 1174-1184 (2018).

8) “Attosecond control of restoration of electronic structure
symmetery,” C. Liu et al., Phys. Rev. Lett. 121, 173201 (2018).
9) “Ultrafast creation of overlapping Rydberg electrons in an
atomic BEC and Mott-insulator lattice,” Phys. Rev. Lett.124,
253201 (2020).
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3773-3778 (2021).

Functional organic materials (FOM) have recently
attracted considerable attention both for fundamental
research and device applications because of peculiar
properties not found in inorganics and small
molecules. However the mechanisms and its origin of
various device characteristics are still under debate.
Scientific mysteries are raised because people have
believed that electronic structure of FOM would be
conserved as in an isolated molecule for solid phases
due to van der Waals interaction. To reveal
characteristics of FOM the key investigation is
precise experiments on the electronic structure at
various interfaces, including organic—-organic and
organic—-inorganic (metal/semiconductor) contacts.
In these systems, the impacts of weak interaction on
the electronic structure would appear as small
intensity modulation of photoelectron-emission fine
features depending on adsorption and aggregation
on the surface. By recent development in the
instrumental we can assess hidden fine structures in
the electronic states, e.g. electron—phonon coupling,
quasi-particle states, very small DOS in the
HOMO-LUMO gap, narrow band dispersion and
dynamic electronic polarization. To elucidate what
happens for the FOM at the interface upon weak
interaction, an evaluation on the wave-function
spread of the electronic states is very important
because the interface state of physisorbed system is
described to be a delocalized molecular orbital state
depending on the weak interaction (from vdW
interaction to hybridization). Seeing a modification of
electron wave function upon weak electronic
coupling as well as strong electron—-phonon coupling
is central issue on our agenda.

Electronic Structure

Photoelectron Spectroscopy

A rich assortment in the structure of functional molecular
materials and variety in the photoelectron spectral feature.

Aggregation, Film Structure, Orientation
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UVSOR is a synchrotron light source providing low
energy synchrotron light ranging from terahertz wave
to soft X-rays. Although it was constructed in 1980’s,
its performance is still in the world top level. This is
the result of the continuous effort on improving the
machine. Our research group has been developing
accelerator technologies toward producing bright
and stable synchrotron light, such as high brightness
electron beam optics, novel insertion devices or
state-of-the-art accelerator technologies.

We have been also developing novel light source
technologies toward producing photons with
excellent properties, such as free electron laser,
coherent synchrotron radiation and laser Compton
gamma-rays. We are also investigating beam physics
which would be the basis of the novel light source
technologies. We have demonstrated producing
optical vortex beam and optical vector beam from
the synchrotron. We are exploring their applications
as novel probes for material sciences and their
possible roles in nature.

Radiation from relativistic electrons and its
interaction with matters are also interesting as
subjects of basic physics, astrophysics, plasma
physics, materials science, life science including
astrobiology. In cooperation with researchers in a

wide range of fields, we are exploring new research

areas.

AN RS wous .
R-III Electron Storage Ring and Synchrotron Radiation
Beam-lines.

The circumference is 53m. The electron energy is 750 MeV.
Electrons are circulating in the storage ring at almost the
speed of light and radiate intense vacuum ultraviolet light.
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Commun. 10 4988 (2019).
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Fig.1: Schematic illustration of 90-degree laser
Thomson scattering.
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Nucl. Instr. Meth. A, 652 (2011) 696.

2) Y. Taira, H. Toyokawa, R. Kuroda, N. Yamamoto, M.
Adachi, S. Tanaka, M. Katoh, “Photon-induced positron
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Our group develop new electromagnetic wave
sources using a high energy electron beam. In the
UVSOR-III electron storage ring at the Institute for
Molecular Science, a 750-MeV electron beam can be
generated. Electromagnetic waves in a wide
frequency range from ultraviolet waves to
gamma-rays are generated by interacting the
electron beam with magnetic fileds and lasers.

Laser Thomson (Compton) scattering is a method
to generate a high energy gamma-ray by the
interaction between a high energy electron and a
laser. We have developed ultra-short pulsed
gamma-rays with the pulse width of sub-ps to ps
range by using 90-degree laser Thomson scattering.
We applied this ultra-short pulsed gamma-rays to
gamma induced positron annihilation lifetime
spectroscopy (GiPALS). A positron is an excellent
probe of lattice defects in solids and of free volumes
in polymers at the sub-nm to nm scale. GiPALS
enables defect analysis of a thick material in a few
cm because positrons are generated throughout a
bulk material via pair production. Our group is
conducting research on improving the properties of
the material by using GiPALS.
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Fig.2: Positron annihilation lifetime spectrum of
stainless steel for positron defect measurements
(5607-a) supplied by National Metrology Institute of
Japan (NMIJ). Measured positron lifetime 108 ps
agrees well with the indicative value.

3) Y. Taira, T. Hayakawa, M. Katoh, “Gamma-ray vortices
from nonlinear inverse Thomson scattering of circularly
polarized light”, Scientific Reports, 7 (2017) 5018.

4) Y. Taira, M. Katoh, “Gamma-ray vortices emitted from
nonlinear inverse Thomson scattering of a two-wavelength
laser beam”, Phys. Rev. A, 98 (2018) 052130.

5) Y. Taira, M. Fujimoto, S. Ri, M. Hosaka, M. Katoh,
“Measurement of the phase structure of elliptically polarized
undulator radiation”, New J. Phys., 22 (2020) 093061.
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A synchrotron-based scanning transmission X-ray
microscope (STXM) is a technique to perform
2-dimensional (2-D) X-ray absorption spectroscopy
with high spatial resolution up to 30 nm. By noticing
the X-ray absorption edge of the specific element,
2-D chemical state of a sample can be obtained. The
unique features of STXM, high transmittance of X-ray
and relatively wide working distance, gain flexibility of
the sample and its environment. Therefore, we have
been developing special observation/analytical
techniques by designing sample cells for STXM in
UVSOR. Especially, an in-situ/operando analysis is
an important technique to understand nature of the
samples. For example, a heating and cooling of the
sample, humidity control system and electrochemistry?,
2-D orientation of molecules, 3-D chemical state
mapping? and microscopic analysis of chemical state
of lithium® have been developed to explore a new
filed of science®9. Essentially, these technique are
difficult to perform by using the other microscopic
techniques. Recently, a small spacecraft Hayabusa2
brought back some rocks from an asteroid Ryugu
and organic materials in the rocks were analyzed by
STXM with an air-free sample transfer system.

Order Select Aperture
(Pinhole)

Sample

™7 Detector

= (Photomultiplier tube)

Schematic optical system of STXM
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The electrons in the materials are emitted into the
vacuum as photoelectrons by being excited by
photons. Interestingly, the angular distribution of such
photoelectrons reveals a truly beautiful hologram
pattern derived from the valence electron motion and
the arrangement of atoms in the materials. Analyzing
"art" based on the laws of physics sometimes leads
us to the discovery that connects the world of atoms
with practical technologies and applications, which is
the real pleasure of our research.

We constructed an advanced photoelectron
momentum microscope (PMM) experimental station
at the UVSOR Synchrotron Facility of IMS. The
PMM is a novel concept analyzer for imaging
photoelectron hologram and Fermi surface patterns
from a pm-sized area. Furthermore, we are developing
our own 3D spin vector imaging system and element-
selective resonant-photoelectron-diffraction-
spectroscopy technique.

Electron spins, which we pay particular attention to,
are the source of various physical properties and
functions such as magnetism, superconductivity,
and topology. We aim to pioneer cutting-edge spin
material science through comprehensive and detailed

characterization of electrons.

ToS, 20 materiol
chorge density wave

Bi.Se,
» . togolodical insulator
Diroc cone state

Figure Photoelectron momentum microscope at BL6U of UVSOR
Synchrotron Facility together with valence photoelectron holograms
and dispersions of TaS, and Bi,Se;. Charge density wave phase
transition and topological nature can be directly studies in detail.
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Strongly correlated electron materials has attracted
more attentions in the last few decades because of
their unusual and fascinating properties such as
high-Tc superconductivity, giant magnetoresistance,
heavy fermion and so on. Those unique properties
can offer a route toward the next-generation devices.
We investigate the mechanism of the physical
properties as well as the electronic structure of those
materials by using angle-resolved photoemission
spectroscopy (ARPES), a powerful tool in studying
the electronic structure of complex materials, based

on synchrotron radiation.

High energy resolution angle-resolved photoemission
spectroscopy beamline BL7U at UVSOR synchrotron.
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Exploitation of Novel Spectroscopic Methods

for Material and Surface Science
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1) “Quick Operando Ambient Pressure Hard X-ray
Photoelectron Spectroscopy for Reaction Kinetic
Measurements of Polymer Electrolyte Fuel Cells” T.
Nakamura, Y. Takagi, S. Chaveanghong, T. Uruga, M.
Tada, Y. lwasawa And T. Yokoyama, J. Phys. Chem. C
124, 17520 (2020).

2) “X-ray photoelectron spectroscopy under real ambient
pressure conditions” Y. Takagi, T. Nakamura, L. Yu, S.
Chaveanghong, O. Sekizawa, T. Sakata, T. Uruga, M.
Tada, Y. Iwasawa and T. Yokoyama, Appl. Phys. Exp. 10,
076603 (2017).

3) “Dynamics of Photoelectrons and Structural Changes of
Tungsten Trioxide Observed by Femtosecond Transient
XAFS”Y. Uemura, D. Kido, Y. Wakisaka, H. Uehara, T. Ohba,
Y. Niwa, S. Nozawa, T. Sato, K. Ichiyanagi, R. Fukaya, S. Adachi,
T. Katayama, T. Togashi, S. Owada, K. Ogawa, M. Yabashi,
K. Hatada, S. Takakusagi, T. Yokoyama, B. Ohtani, and
K. Asakura, Angew. Chem. Int. Ed. 55, 1364 (2016).

4) “Anharmonicity and Quantum Effects in Thermal
Expansion of an Invar Alloy” T. Yokoyama and K. Eguchi,
Phys. Rev. Lett. 107, 065901 (2011).

5) “Magnetic circular dichroism near the Fermi level”
T. Nakagawa and T. Yokoyama, Phys. Rev. Lett. 96, 237402
(2006).

For the developments of novel functional materials,
it is quite important to exploit simultaneously new
analytical methods based on advanced technology.
Novel materials and devices often require spatial
and/or time resolved analysis to optimize their
qualities. In our group, we have been exploiting
spectroscopic methods for material and surface
science using mainly synchrotron radiation (SR) and
partly lasers.

The present first subject is the exploitation of
ambient pressure hard x-ray photoelectron
spectroscopy (HAXPES) and its application to
polymer electrolyte fuel cells (PEFC) under working
conditions. In 2017, we succeeded in the HAXPES
measurement under real ambient pressure of 10° Pa
for the first time in the world. We are investigating
working PEFC by the technique for the elucidation of
degradation and/or poisoning mechanisms of PEFC
to improve its performance with longer life time.

The second subject is the ultrafast (<100 fs) time
resolved soft x-ray absorption measurements of spin
dynamics in magnetic thin films in order to
understand element-specific magnetization reversal

mechanisms.

hotoelectron Intensity
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Ambient pressure hard x-ray photoelectron spectroscopic
system. (a) Apparatus installed at SPring-8 Beamline 36XU.
(b) Au 4f HAXPES of Au(111) at a real ambient pressure of
10° Pa. (c) S 1s HAXPES of the anode Pt and Pt;Co
electrodes of aged (fresh) and degraded polymer electrolyte
fuels cells under working conditions. The Pt;Co electrode is
found to be more tolerant against S than the Pt electrode.
(d) Quick HAXPES measurements of the cathode Pt of the
polymer electrolyte fuels cells upon abrupt change of the
cathode-anode voltage from 0.4 to 1.2 V. The time
resolution is 500 ms.
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Unique Structures, Physicochemical Properties and
Quantum Dynamics of Molecular Aggregates at Solid Surfaces
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1) K. Shirai, G. Fazio, T. Sugimoto et al., Water-assisted
hole trapping at highly curved surface of nano-TiO,
photocatalyst, J. Am. Chem. Soc. 140, 1415 (2018).

2) T. Sugimoto et al., Inelastic Electron Tunneling Mediated
by Molecular Quantum Rotator, Phys. Rev. B 96,
241409(R) (2017).

3) T. Sugimoto et al., Emergent high-Tc ferroelectric
ordering of strongly correlated and frustrated protons in
heteroepitaxial ice film, Nature Physics 12, 1063 (2016).
4) K. Shirai, T. Sugimoto et al., Effect of Water Adsorption
on Carrier Trapping Dynamics at the Surface of Anatase
TiO, Nanoparticles. Nano Lett. 16, 1323 (2016).

Surfaces and interfaces are the places where
the spatially isolated electrons in molecules meet
delocalized ones in substrates such as metals.
Under such circumstances, molecules behave very
differently from those in gas and liquid phases.
Unexpected molecular processes sometimes take
place at surfaces and interfaces. There are many
important applications where surfaces/interfaces
play an important role, such as photovoltaic
application for energy conversion and catalytic
application for chemical reaction. These all depend on
specific many-body complex interactions that are not
always fully understood. Our ultimate aim is to elucidate
such cooperative interactions at the molecular level.

By using state-of-the-art molecular spectroscopy
in combination with sophisticated surface scientific
techniques, we have elucidated unique structures,
physical properties, chemical functions, and
quantum dynamics of hydrogen, water molecules
and their assemblies at surfaces/interfaces of
solid materials'™®. In addition, we are challenging
to develop innovative microspectroscopy with
atomic resolution for directly observing the local
structure of protons in the unique hydrogen-bond
network of water molecular aggregates at solid
surfaces/interfaces.
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Fig. 1 Infrared-visible sum-frequency-generation (SFG)
spectroscopy of water molecules on solid surface 2.
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Fig. 2 Unimolecular inelastic-electron-tunneling (IET)
spectroscopy of quantum rotator on solid surface 2.

5) T. Sugimoto et al., Nuclear Spin Dynamics of Molecular
Hydrogen Adsorbed on Solid Surfaces —Interdisciplinary
Surface Electromagnetic Process-. J. Phys. Soc. Jpn. 71,
668 (2016).
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Organic Solar Cells
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1) M. Hiramoto , H. Fujiwara , M. Yokoyama, “Three-layered
organic solar cell with a photoactive interlayer of codeposited
pigments”, Appl. Phys. Lett., 58, 1062-1064 (1991).

2) M. Hiramoto, M. Suezaki, M. Yokoyama, “Effect of thin
gold interstitial-layer on the photovoltaic properties of
tandem organic solar cell”, Chem. Lett., 1990, 327-330
(1990).

3) M. Hiramoto, M. Kikuchi, S. Izawa, “Parts-per-Million-
Level Doping Effects in Organic Semiconductor Films and
Organic Single Crystals”, Adv. Mater., 30, 1801236 (15
pages) (2018) (Invited Progress Report).

4) C. Ohashi, S. Izawa, M. Hiramoto et al., “Hall effect in
bulk-doped organic single crystal”, Adv. Mater., 29,
1605619 (2017).

5) N. Shintaku, M. Hiramoto, S. Izawa, “Effect of trap-assisted
recombination on open-circuit voltage loss in phthalocyanine/
fullerene solar cells”, Org. Electron., 55, 69-74 (2018).

Organic solar cells have been intensively studied due

to many advantages like flexible, printable, light,
low-cost, fashionable, etc. In 1991, Hiramoto
invented “blended junction” (Fig. 1) and “tandem
junction”? of organic solar cells, which are
fundamental concepts in the present organic solar
cells. We have been focused on the establishment of
“bandgap science for organic solar cells.”® We
believe that the following features are indispensable.
(i) A ppm-level doping strategy should be applied to
sub-ppm purified organic semiconductors for the
complete removal of uncontrollable doping by
oxygen from the air. (i) Complete pn-control, i.e.,
the observation that every single and blended
organic semiconductor shows both n- and p-type
characteristics by impurity doping alone, should be
achieved. (iii) Doping in the bulk of organic single
crystals without grain boundaries is necessary for
precise clarification of the nature of the doping effects.

Recently, we have succeeded the fabrication of
ppm-level doped organic single crystals and
measurements of their Hall effects using our original
ultra-slow deposition technique at a rate of 10° nm/s
(Fig. 2). This is a foundation for the first organic
single crystal solar cells.

We fervently hope that young researchers will take
up the challenge of working in the interdisciplinary
field of organic solar cells to help develop the next
generation of cells for renewable energy.

n BEHEHE p BIEMFRE

FHAENE (R

Fig. 1 Concept of blended junction.

Rubrene Dopant
Fig. 2 ppm-doped organic single crystal (AFM) formed by
ultra-slow deposition of 10-° nm/s having a rotating shutter.
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Solid-State NMR for Molecular Science
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1) K. Nishimura*, A. Naito.“REDOR in Multiple Spin
System”, Modern Magnetic Resonance, Springer, The
Netherlands (2006).

2) K. Nishimura*, A. Naito, Chem. Phys. Lett. 380, 569-576
(2003).

3) K. Nishimura*, A. Naito, Chem. Phys. Lett. 402, 245-250
(2005).

4)K. Nishimura, S. Kim, L. Zhang, T. A. Cross, Biochemistry.
41, 13170-13177 (2002).

5) N. Uekama, T. Aoki, T. Maruoka, S. Kurisu, A. Hatakeyama,

In order to elucidate functions of molecules,
characterizations of the molecules are essential.
There are varieties of important molecules, which are
insoluble to any solvents and functional at
amorphous state. Solid-state NMR enables to obtain
variety of information at atomic resolution without
damages of molecules and significant restrictions.
Thus, solid-state NMR is one of the essential tools for
the characterizations of those molecules.

We have been working for methodology developments
of solid-state NMR such as the analyses of error
factors of precise distance measurements?’, the
developments of techniques for sensitivity
enhancement without sample heating? and 2D
correlation techniques to obtain orientational
information of molecules®. In addition, as studies for
structural biology, we have been working for functional
and structural characterizations of membrane
proteins and peptides such as *H channel from
influenza virus A%, a peripheral membrane protein of
phospholipase C-61 PH domain®, and amyloid-8
oligomers induced on lipid membranes®. Furthermore,
as studies for material science, we have been
working for characterizations of variety of molecular
materials such as silk”, and supramolecules based on
synthetic polymers® through collaborations with
several research groups.

Methodology
Hardware developments
developments _

=4

Biomolecules

W Molecular materials

Outline of our studies.

S. Yamaguchi, M. Okada, H. Yagisawa, K. Nishimura*,
S. Tuzi*, Biochim. Biophys. Acta 1788, 2575-2583 (2009).
6) M. Yagi-Utsumi, K. Kato, and K. Nishimura*, PlosONE
11, 0146405 (1-10) (2016).

7) T. Asakura, T. Ohota, S. Kametani, K. Okushita, K. Yazawa,
Y. Nishiyama, K. Nishimura, A. Aoki, F. Suzuki, H. Kaji,
A. Ulrich, M. Williamson, Macromolecules 48, 28-36 (2015).
8) N. Ousaka, F. Mamiya, Y. lwata, K. Nishimura, and
E. Yashima, Angew. Chem. Int. Ed. 56, 791-795 (2017).
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Operational and Design Principles of Biological Molecular Machines
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Activity of life is supported by molecular machines
made of proteins®. Protein molecular machines are
far superior to synthetic molecular machines in many
aspects. We elucidate operation and design principles
of protein molecular machines.

1. Understand biomolecular machines: Molecular

motors are representative of the protein molecular
machines. Molecular motors generate mechanical
forces and torques driving unidirectional motions from
the energy of chemical reaction or the potential
energy. We are studying linear®® and rotary motors®'".
Especially, we focus on new molecular motors such
as chitinase®9), cellulase®® and V-ATPase.

2. Engineer biomolecular machines: Many

biomolecular machines have similar structures,
implying same evolutional origin. AAA+ family is one
of the representatives'®. To understand their design
principles, we engineer protein molecular machines
by using saturation mutagenesis, robot-based
automation', hybridization', and computational
design.

3. Investigate functions and structures of

biomolecular machines: Our study is based on

state-of-the-art single-molecule techniques™-'". We
are developing single-molecule methods such as
high-speed and high-localization precision
measurements with plasmonic nanoprobes. We also
determine crystal structures of biomolecular machines
by X-ray crystallography.

Protein molecular machines

10) lino R, et al., Curr. Opin. Struct. Biol. 31: 49-56 (2015).
11) Ueno H, Minagawa Y, et al., J. Biol. Chem. 289:
31212-31223 (2014).
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15) Ando J, et al., ACS Photonics 6: 2870-2883 (2019).

16) Ando J, et al., Biophys. J. 115: 2413-2427 (2018).

17) Uchihashi T, et al., Nat. Commun. 9: 2147 (2018).
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1) Takao Osako, Kaoru Torii, Shuichi Hirata, Yasuhiro Uozumi
“Chemoselective Continuous-Flow Hydrogenation of
Aldehydes Catalyzed by Platinum Nanoparticles Dispersed in
an Amphiphilic Resin” ACS Catal. 7, 7371-7377 (2017).

2) Go Hamasaka, Tsubasa Muto, Yoshimichi Andoh, Kazushi
Fujimoto, Kenichi Kato, Masaki Takata, Susumu Okazaki,
Yasuhiro Uozumi “Detailed Structural Analysis of a
Self-Assembled Vesicular Amphiphilic NCN-Pincer Palladium
Complex by Wide-Angle X-Ray Scattering and Molecular
Dynamics Calculations” Chem. Eur. J. 23, 1291-1298 (2017).
3) Heeyoel Baek, Maki Minakawa, Yoichi M. A. Yamada, Jin
Wook Han, Yasuhiro Uozumi “In-Water and Neat Batch and
Continuous-Flow Direct Esteri cation and Transesteri cation by
a Porous Polymeric Acid Catalyst” Sci. Rep. 6, 25925 (2016).
4) Yoichi M. A. Yamada, Yoshinari Yuyama, Takuma Sato, Shigenori
Fujikawa, Yasuhiro Uozumi “A Palladium-Nanoparticle and Silicon-
Nanowire-Array Hybrid: A Platform for Catalytic Heterogeneous
Reactions” Angew. Chem. Int. Ed. 53, 127-131 (2014).

5) Yoichi M. A. Yamada, Shaheen M. Sarkar, Yasuhiro Uozumi
“Amphiphilic Self-Assembled Polymeric Copper Catalyst to

Our research interests lie in the development of
transition metal-catalyzed reaction systems toward
ideal (highly efficient, selective, green, safe, simple,
etc.) organic transformation processes. In one active
area of investigation, we are developing the
heterogeneous aquacatalytic systems. Various types
of catalytic organic molecular transformations, e.g.
carbon—carbon bond forming cross-coupling,
carbon—heteroatom bond forming reaction, aerobic
alcohol oxidation, etc., were achieved in water under
heterogeneous conditions by using amphiphilic
polymer-supported transition metal complexes and
nanoparticles, where self-concentrating behavior of
hydrophobic organic substrates inside the amphiphilic
polymer matrix played a key role to realize high
reaction performance in water.

™ [ Hydrophobic Fi
interaction
drives organic
reactions in

|\ water

Heterogeneous
Recyclable
Catalytic
Efficient
Organic
Transformations
In WATER

Parts per Million Levels: Click Chemistry,” J. Am. Chem.
Soc. 134, 9285-9290 (2012).

6) Yoichi M. A. Yamada, Shaheen M. Sarkar, Yasuhiro Uozumi,
“Self-Assembled Poly(imidazole-palladium): Highly Active,

Reusable Catalyst at Parts per Million to Parts per Billion
Levels,” J. Am. Chem. Soc. 134, 3190-3198 (2012).

7) Shaheen M. Sarkar, Yoichi M. A. Yamada, Yasuhiro Uozumi,
“A highly Active and Reusable Self-Assembled Poly
(Imidazole/Palladium) Catalyst: Allylic Arylation/Alkenylation,”
Angew. Chem. Int. Ed. 50, 9437-9441 (2011).

8) Go Hamasaka, Tsubasa Muto, Yasuhiro Uozumi,
“Moleular-Architecture-Based Administration of Catalysis in
Water: Self-Assembly of an Amphiphilic Palladium Pincer
Complex,” Angew. Chem. Int. Ed. 50, 4876-4878 (2011).
9) Yasuhiro Uozumi, Yutaka Matsuura, Takayasu Arakawa,
Yoichi M. A. Yamada Asymmetric Suzuki-Miyaura Coupling in
Water with a Chiral Palladium Catalyst Supported on an
Amphiphilic Resin Angew. Chem. Int. Ed. 48, 2708-2710 (2009).
10) Yoichi M. A. Yamada, Takayasu Arakawa, Heiko Hocke,
Yasuhiro Uozumi, “A Nanoplatinum Catalyst for Aerobic
Oxidation of Alcohols in Water,” Angew. Chem. Int. Ed. 46,
704-706 (2007).

11) Yasuhiro Uozumi, Yoichi M. A. Yamada, Tomohiko Beppu,
Naoshi Fukuyama, Masaharu Ueno and Takehiko Kitamori,
“Instantaneous Carbon-Carbon Bond Formation Using a
Microchannel Reactor with a Catalytic Membrane,” J. Am.
Chem. Soc. 128, 15994-15995 (20086).
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1) C. Jongwohan, Y. Honda, T. Suzuki, T. Fujinami,
K. Adachi, N. Momiyama, “Brognsted Acid-Initiated
Formal [1,3]-Rearrangement Dictated by B-Substituted
Ene-Aldimines” Org. Lett. 21, 4991-4995 (2019).

2) N. Momiyama, H. Tabuse, H. Noda, M. Yamanaka,
T. Fujinami, K. Yamanishi, A. Izumiseki, K. Funayama,
F. Egawa, S. Okada, H. Adachi, M. Terada, “Molecular
Design of a Chiral Bronsted Acid with Two Different
Acidic Sites: Regio-, Diastereo-, and Enantioselective
Hetero-Diels-Alder Reaction of Azopyridinecarboxylate
with Amidodienes Catalyzed by Chiral Carboxylic
Acid-Monophosphoric Acid” J. Am. Chem. Soc.
138, 11353-11359 (2016).

3) N. Momiyama, H. Okamoto, J. Kikuchi, T. Korenaga,
M. Terada, “Perfluorinated Aryls in the Design of Chiral
Bronsted Acid Catalysts: Catalysis of Enantioselective
[4+2] Cycloadditions and Ene- Reactions of Imines with
Alkenes by Chiral Mono-Phosphoric Acids with
Perfluoroaryls” ACS Catal. 6, 1198-1204 (2016).

4) N. Momiyama, K. Funayama, H. Noda, M. Yamanaka,
N. Akasaka, S. Ishida, T. lIwamoto, M. Terada, “Hydrogen

"Chirality" is a special property that a substance
cannot be superimposed with its mirror image, and a
molecule with such a property is called "chiral molecule."
"Chirality" is known as a factor that advances the
properties of various substances. Incorporating chirality
into substances leads to a dramatic improvement in their
function and is the first step to create dream substances.
We are working on creating the fundamental research
with the ultimate goal of application to the development
of chiral functional materials. We are designing our own
chiral molecule, developing our own synthetic method
toward its synthesis, and aiming at creating new
functions of uniquely synthesized chiral molecules.

We have successfully developed a chiral molecular
catalyst with multiple hydrogen bond donor sites. This
chiral molecule takes only one specific conformation
out of multiple conformations. In addition, we found
that this chiral molecule functions as a molecular
catalyst to supply chiral small molecules. This result
suggests that the function of enzymes with molecular
weights of several thousands to tens of thousands
can be easily realized by artificial chiral molecules
with molecular weights of several hundreds.

We believe that our challenges create chiral molecules,
which have new possibilities by designing chiral
molecules and making use of the developed reactions.
We are planning to elucidate the unknown behavior of
synthesized molecules by using various analytical
methods and to create chiral substances with new
functions by finding properties peculiar to molecules.

X-ray structure of our recent development

Bonds-Enabled Design of a C;-Symmetric Chiral
Bronsted Acid Catalyst” ACS Catal. 6, 949-956 (2016).
5) N. Momiyama, T. Narumi, M. Terada, “Design of a
Bronsted Acid with Two Different Acidic Sites:
Synthesis and Application of Aryl Phosphinic
Acid-Phosphoric Acid as a Bronsted Acid Catalyst”
Chem. Commun. 51, 16976-16979 (2015).

6) N. Momiyama, T. Konno, Y. Furiya, T. lwamoto, M. Terada,
“Design of Chiral Bis-phosphoric Acid Catalyst Derived
from (R)-3,3’-Di(2-hydroxy-3-arylphenyl) binaphthol:
Catalytic Enantioselective Diels-Alder Reaction of
a,B-Unsaturated Aldehydes with Amidodienes” J. Am.
Chem. Soc. 133, 19294-19297 (2011).
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1) T. Kusamoto, C. Ohde, S. Sugiura, S. Yamashita, R.
Matsuoka, T. Terashima, Y. Nakazawa, H. Nishihara, S. Uji,
“An Organic Quantum Spin Liquid with Triangular Lattice:
Spinon Fermi Surface and Scaling Behavior” Bull. Chem.
Soc. Jpn. 95, 306-313 (2022).

2) S. Kimura, M. Uejima, W. Ota, T. Sato, S. Kusaka, R.
Matsuda, H. Nishihara, and T. Kusamoto “An Open-shell,
Luminescent, Two-Dimensional Coordination Polymer with a
Honeycomb Lattice and Triangular Organic Radical” J. Am.
Chem. Soc. 143, 4329-4338 (2021).

3) S. Kimura, T. Kusamoto, S. Kimura, K. Kato, Y. Teki, and
H. Nishihara “Magnetoluminescence in a Photostable,
Brightly Luminescent Organic Radical in a Rigid
Environment” Angew.Chem. Int. Ed.57,12711-12715 (2018).

The molecules with open-shell electronic states
can exhibit unique properties, which are difficult to
achieve for conventional closed-shell molecules.
Our group develops new open-shell organic molecules
(= radicals) and metal complexes to create novel
photonic-electronic-magnetic functions.

While conventional closed-shell luminescent
molecules have been extensively studied as
promising components for organic light-emitting
devices, the luminescent properties of radicals have
been much less studied because of its rarity and low
chemical (photo-)stability. We have developed a novel
luminescent organic radical PyBTM, which is highly
stable at ambient condition and in the photoexcited
state. We have also discovered that (i) PyBTM-doped
molecular crystals exhibit photoluminescence with a
room-temperature emission quantum yield of 89%,
which is exceptionally high in radicals, and (ii) the
doped crystals show drastic changes in the emission
spectra by applying a magnetic field. This is the first
observation of the magnetoluminescence in organic
radicals. Our studies provide novel and unique
insights in molecular photonics, electronics, and
spintronics, and also contribute to developing applied
science for light-emitting devices.

Our group focuses on frustrated spins in molecular
crystals. The anisotropic assembly of open-shell
molecules in crystalline states can afford unusual
electronic states attributed to the frustrated spins,
providing exotic electrical and magnetic properties.

(a) Molecular structure of PyBTM and its characteristics.
(b) Schematic photoexcitation-emission processes.
(c) Emission in CH,Cl,. (d) Emission of PyBTM-doped molecular
crystals. (e) Controlling emission by magnetic field.
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4) Y. Hattori, T. Kusamoto, and H. Nishihara
“Luminescence, Stability, and Proton Response of an
Open-Shell (3,5-Dichloro-4-pyridyl)bis(2,4,6-
trichlorophenyl) methyl Radical” Angew. Chem. Int. Ed.
53, 11845-11848 (2014).
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1) Kenta Kato, Kiyofumi Takaba, Saori Maki-Yonekura,
Nobuhiko Mitoma, Yusuke Nakanishi, Taishi Nishihara, Taito
Hatakeyama, Takuma Kawada, Yuh Hijikata, Jenny Pirillo,
Lawrence T. Scott, Koji Yonekura, Yasutomo Segawa,
Kenichiro Itami, "Double-Helix Supramolecular Nanofibers
Assembled from Negatively Curved Nanographenes" J. Am.
Chem. Soc., 143, 5465-5469 (2021).

2) Kwan Yin Cheung, Kosuke Watanabe, Yasutomo
Segawa, and Kenichiro Itami, "Synthesis of a Zigzag Carbon
Nanobelt" Nature Chem., 13, 255-259 (2021).

3) Kosuke Watanabe, Yasutomo Segawa, and Kenichiro
Itami, "A theoretical study on the strain energy of
helicene-containing carbon nanobelts" Chem. Commun., 56,
15044-15047 (2020).

4) Yutaro Saito, Kotono Yamanoue, Yasutomo Segawa, and
Kenichiro Itami, "Selective Transformation of Strychnine and
1,2-Disubstituted Benzenes by C—H Borylation" Chem, 6,
985-993 (2020).

5) Yasutomo Segawa, Motonobu Kuwayama, Yuh Hijikata,
Masako Fushimi, Taishi Nishihara, Jenny Pirillo, Junya
Shirasaki, Natsumi Kubota, and Kenichiro Itami, “Topological

Molecular Nanocarbons: All-benzene Catenane and Trefoil

Aromatic compounds are potentially useful as
functional electronic materials. However, the design
and control of three-dimensional molecular assembly
are still very difficult, especially for the crystal
engineering of organic molecules. This group aims to
create novel topological and reticular organic
structures by using synthetic organic chemistry and
geometric insight. To achieve our purpose, this group
will start electron-diffraction crystallography
(MicroED) for the rapid structure determination of

three-dimensional covalent organic frameworks.

- wf» -

A | Al At
- - Y o
w E‘ " P S S T

ol vl

P N B

x{

VN

Sl el

3D Network Polymer

Molecular Topology
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molecules

2) Development of novel molecular topology
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Knot” Science, 365, 272-276 (2019).
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Res., 10, 2760-2767 (2019).
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Nanobelts" J. Am. Chem. Soc., 140, 10054—10059 (2018).
8) Tetsushi Yoshidomi, Tomohiro Fukushima, Kenichiro
Itami, and Yasutomo Segawa, “Synthesis, Structure, and
Electrochemical Property of a Bimetallic Bis-2-pyridylidene
Palladium Acetate Complex” Chem. Lett., 46, 587-590 (2017).
9) Guillaume Povie, Yasutomo Segawa, Taishi Nishihara,
Yuhei Miyauchi, and Kenichiro Itami, “Synthesis of a Carbon
Nanobelt” Science, 356, 172—175 (2017).

10) Yasutomo Segawa and Douglas W. Stephan, "Metal-
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Hydrocarbons" Chem. Commun., 48, 11963—-11965 (2012).
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Sawai, Commun. Biol. 2021, 4, 467 (12 pages) (2021).

2) "Structural characterization of thermoglobin from a
hyperthermophilic bacterium Aquifex aeolicus", N. Muraki,
K. Takeda, D. Nam, M. Muraki, and S. Aono, Chem. Lett.
2021, 50, 603-606 (2021).

3) "Structural basis for heme transfer reaction in heme
uptake machinery from Corynebacteria" N. Muraki, C. K.,
Y. Okamoto, T. Uchida, K. Ishimori, and S. Aono,Chem.
Commun. 55, 13864-13867 (2019).

4) "Structural characterization of HypX responsible for CO

Transition metal ions and metalloproteins play crucial
roles in signal transduction processes in addition to
their traditional roles in energy and substance
metabolisms. Many responses to metals occur
transcriptionally or post-transcriptionally. The
metal-responsive transcription factors control the
expression of genes encoding proteins responsible for
metal homeostasis in cells including metal ions
uptake/efflux, intracellular metal trafficking, and
biogenesis of metalloproteins. Metal-responsive
signal transduction pathways emanating from metal
sensing at the cell membrane are also responsible for
biological regulation in response to metals.
Metal-based sensor proteins are utilized to sense
external signals that cannot be sensed by simple
sensor proteins without any prosthetic group, in which
transition metal ions or metal-containing prosthetic
groups act as the active center of signal sensing.

My research interests are foucused on the elucidation
of the structural and functional relationships for
metal-dependent proteins working in biological
signal-transduction systems including metal-based
sensor proteins, transition metal ion-sensing
transcriptional regulators, and protein machineries
responsible for metal ions homeostasis in both
prokaryotes and eukaryotes.

X-ray structure of HypX that catalyzes CO biosynthesis for
the assembly of the active site in NiFe-hydrogenase. CoA,
which is shown in a stick model, is bound in the cavity (gray
mesh in (@) . There are two open window (A and B in (b)) on
the protein surface.

biosynthesis in the maturation of NiFe-hydrogenase" N.
Muraki, K. Ishii, S. Uchiyama, S. G. Itoh, H. Okumura, and
S. Aono,Commun. Biol. 2, 385 (2019).

5) “Protein Dynamics of the Sensor Protein HemAT as
Probed by Time-Resolved Step-Scan FTIR Spectroscopy,”
A. Pavlou, H. Yoshimura, S. Aono, E. Pinakoulaki, Biophys.
J. 114, 584-591 (2018).

6) “Probing the role of the heme distal and proximal
environment in ligand dynamics in the signal transducer
protein HemAT by time-resolved step-scan FTIR and
resonance Raman spectroscopy,” A. Pavlou, A. Loullis, H.
Yoshimura, S. Aono, E. Pinakoulaki, Biochemistry, 56,
5309-5317 (2017).
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Dynamical Ordering of Biomolecular Systems

for Creation of Integrated Functions

EHRROBFEF. VAT LZEHTD2ZHDON T
RFDNYAFIVIBHEERZRUTCHEEERZ
L. ARERIEE DB EERZITVLD D BERNIC
BREERL TV EICHDFET At REEICTE
UledZOR7 IO0—FIRERAKREEBR T DD TR
FICHT 2 IEROMENERZRIELILI.LHUL
BTHS, ZNS0OEGmRFHBEEMICREN DO/ A
BEREFEER T DANZALZBFETDEF.
INDSOEMPZDEELRECIT . hfcBld. &
M- b2 - YEZ 0D FEMNEHRZBUT. A
RS M ZEIND e E R D FRTFOENLREER R
LCEREREZRIRY itH Z2D FRIZOHERN
SEIREAN T CEZBELTCVET,

EBICERMPFIVATLDTFALV)V—)L7ZED
ANFEATIECHEBIEY AT LDRIEICETRTE
ZEMNELEMRBITOTVET LMD FESE
(& HNEBRBEOZE OB FESABOIZ2 - —
2avEBU CREBNRERERIT COE T ERmD T
VRFLDETBDIOLIHHOFREZRIEREL.
ETNZREHNICATBS FROEEICDODANDT
ERF DFRZICBIFDINGIA LY TN ZDEST
BHDEEZTVET,

Living systems are characterized as dynamic
processes of assembly and disassembly of various
biomolecules that are self-organized, interacting with
the external environment. The omics-based
approaches developed in recent decades have
provided comprehensive information regarding
biomolecules as parts of living organisms. However,
fundamental questions still remain unsolved as to
how these biomolecules are ordered autonomously
to form flexible and robust systems. Biomolecules with
complicated, flexible structures are selforganized
through weak interactions giving rise to supramolecular
complexes that adopt their own dynamic, asymmetric
architectures. These processes are coupled with
expression of integrated functions in the biomolecular
systems.

Toward an integrative understanding of the
principles behind the biomolecular ordering
processes, we conduct multidisciplinary approaches
based on detailed analyses of dynamic structures
and interactions of biomolecules at atomic level, in
conjunction with the methodologies of molecular
and cellular biology along with synthetic and

computational technique.

Formation of supramolecular machinery through dynamic assembly and disassembly of biomolecules

SE

1) Yagi, H., Yanaka, S. and Kato, K., “Structural and functional
roles of the N-glycans in therapeutic antibodies,"Comprehensive
Glycoscience, 2nd edition (J. Barchi ed.), Elsevier (Oxford),
vol.5, pp.534-542 (2021).

2) Yanaka,S.,Yogo, R.and Kato, K., “Biophysical characterization
of dynamic structures of immunoglobulin G,” Biophys. Rev., 12,
637-645 (2020).

3) Yagi, H., Yanaka, S. and Kato, K., “Structure and dynamics
of immunoglobulin G glycoproteins,” Glycobiophysics
(Y.Yamaguchi and K.Kato ed.), Springer Nature Singapore,
pp.219-235 (2018).

4) Satoh,T. and Kato, K., “Structural aspects of ER glycoprotein
quality-control system mediated by glucose tagging,”
Glycobiophysics (Y.Yamaguchi and K.Kato ed.), Springer
Nature Singapore, pp.149-169 (2018).

5) Kato, K., Yagi, H. and Yamaguchi, T., “NMR characterization
of the dynamic conformations of oligosaccharides,” Modern
Magnetic Resonance, 2nd Edition (G.A.Webb ed.), Springer
International Publishing, pp.737-754 (2018).

6) Kato, K. and Satoh, T., “Structural insights on the dynamics of
proteasome formation,” Biophys. Rev., 10, 597-604 (2018).
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Biological Rhythm & Dynamics, through Chemistry

[E (FR)BFET | EWVLWSEEZRH T DDEEDLS
IFEETLLOD B CIREEICSEFR T RS 1.
BRREDOEE - CNSEERT OERIF. BLDEY
BFETDZE CH4FEREIDUZLDEHETEEL TS
CEDEETT e BEDHRT IV—T Tld—4mh
HERD BERERA (2485/]) ZED K IICL TZEDAITERD
AREDD—F NEDFRIFMNICHEIRT DELSITR
R (TR L CLET,

27 INOTUT DEYRFEHE. SBDEET YV I\UE
(KaiA.KaiB.KaiC) EATPZEREGHh B 2 & THERE
AICEEMTN(Kaiy >/ \OBERSET) . 2485/ Z IEHEIC
BT ENTEFT . — A L CHEEHF D FRIZE
HIERRIFEA TVEE A ZD— DI REUCES ]
DIRET. BERROBH LIF TR . FVINTERFE
WSFEM T4RREVSHBVSY A FZIX IDEIREN
TUVRERZSHATEFE A BI—DDHD EHDR
ERHEETT . CNFEYEEHITEENICRVEEND
T BT ORIRBSNNEE DR EZFLAEZITE
BAEVWRIGIAEEEH EIRIVLF—ZELIRE
D LRICHSTELIREND DD —RZH T T Y
Bt DL DITBREHICIF . BLWY A FZIR]&
[REEMES]EVWS—REBHMNE2 DD EZFRHC
SHEALKIFNEESIEVD T,

IeBDWRKRIIV—TTlE. . Kaiy VIO BRETD
HEEHNEEEREDYE D ERD  XIRIERBER
2990 S BREL O ZAB R0 (CF FA U T Eh SIS R A
BHFICKDD FHREETAICERASRER. StERZRALC
ERT—YDIZa—YavVIRERTITET.
2 FRETOREBEAICIDEATVET . COKRIE
WEBZBUT. Z<DETAICEY . LZE YR,
HIfH T2 SHEREEESTAARLY VIO BIFEHRRD
JO0VFT 1 P Z2FBRUCEITNEERBVET,
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1) S. Akiyama, “Structural and dynamic aspects of protein
clocks: How can they be so slow and stable?” CMLS 69,
2147-2160 (2012).

2) Y. Furuike et al., “Regulation Mechanisms of the Dual
ATPase in KaiC” PNAS 119, e2119627119 (2022).

3) Y. Furuike et al., “Elucidation of Master Allostery Essential
for Circadian Clock Oscillation in Cyanobacteria” Sci. Adv.
8, eabm8990 (2022).

4) J. Abe et al., “Atomic-scale Origins of Slowness in the

Cyanobacterial Circadian Clock” Science 349, 312-316 (2015).

5)Y. Furuike et al., “Cross-scale Analysis of Temperature
Compensation in the Cyanobacterial Circadian Clock
System” Commun. Phys. 5, 75 (2022).

Circadian (approximately 24 h) clocks are
endogenous time-keeping systems encapsulated in
living cells, enabling organisms to adapt to daily
fluctuation of exogenous environments on the
Earth.These time-keeping systems, found
ubiquitously from prokaryotes to eukaryotes, share
the three characteristics. First, the circadian
rhythmicity of the clocks persists even without
any external cues (self-sustainability). Second, the
period is little dependent on ambient temperature
(temperature compensation). Third, the phase of the
clock can be reset by external stimuli such as lightning,
humidity, or temperature so as to be synchronized
to the external phase (synchronization).

KaiC, a core protein of the circadian clock in
cyanobacteria, undergoes rhythmic structural
changes over approximately 24 h in the presence of
KaiA and KaiB (Kai oscillator). This slow dynamics
spanning a wide range of both temporal and spatial
scales is not well understood, and is central to a
fundamental question: What determines the
temperature-compensated 24 h period?" The Kai
oscillator reconstitutable in vitro is advantageous for
studying its dynamic structure through a complementary
usage of both X-ray crystallography?# and solution
scattering®, its transient response and synchronization
by using physicochemical techniques, and its
molecular motion through a collaborative work with
computational groups®. Our mission is to explore the
frontier in molecular science of the cyanobacterial
circadian clock from many perspectives.

24-h-Period
Rhythm

Mechanical
Gear i 0 I
Hand ,:' 0 g :@
i N g A
-f " Protein Gene
S (2 -y

Three Major Characteristics
1. Self-sustalned 24 hour oscmatlon

2, Constant perlod (24 h) over wide range of
temperature (Temperature Compensation)

3. Synchronizatlon (jet Iag)

One of the major goals is to provide a
model that simultaneously explains above
three cha racteristics.

Towards a Unified View of Temperature-compensated 24 h

Period in Biological Clock System.
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Elucidation of Function, Structure, and Dynamics of Condensed-Phase
Molecular Systems by Advanced Ultrafast Laser Spectroscopy

L2 RINERIGEREE ST DT RIVF—F 7
IS LEE B EENcET VBV TUIRUIEEE R
ENET LU REDORINFZRITHISINT > V)b
IXRIVF—HEEZD FOHEERR(CER KD IET
ED s ZDOFFMIFEMZIRO T T . ZOUIZIRTT
RT VYL IRIVF—HELCBVNTHFHEDK
SITHRDEVEDKIICU TRINVERMICEDDD ZD
—ERRIEIASHNC T D LM LR RVEIRR T D4R E
THDGRLEFNTVE T SICERD FEIRDETD
EXFEREZR DR EM Y FICHULINESRR
TR EIFHRMEDORINKICAT T EREETHNRZDS
ABTENS BRERICHITDREEFRED—DOTI,

CNUSHU. B e B FRIFEHRDIFMICE DV L
WOKETRAIFAZRE SET D ETHIEED TO
RIS A F=OADEREZ DRRBAICEDEATVE T,
BIC U T10TLME(1 TTLRS = 105#) IS5 2D
@52/ VAL — Y —Z AW\ 2B DEEED A
IR D ICOEICKDRMICH T FDEFIRAE
BEDZ BRI F D AFRE R % < LIBRFL.
BN FROKINEPREERIRERE DI DT DIREE
B FRIBZASHICTHIEZBENELTVET,
K. TOUIABRD FETRAIZE—DFLRIVTRIR
FBIEICKD. DF 1D DICEEI DLSFERMEE
ZORFZHERAN T CEICHMDBATVETT D
KO A BIFRBEDTERICE IV TOFORME
SIEDBFICMOETRIEDDKRIICEFETDHIET.
{EZRIGDMFUHTIREEIRLCEZBIELTVE S,

Chemical reactions of polyatomic molecular
systems proceed on complex potential energy
surfaces (PESs) having a vast degree of freedom of
nuclear coordinates. For understanding and
manipulating molecular mechanisms underlying the
chemical reactions, it is desirable to map out the
PESs and visualize how the molecules evolve
thereon, from the reactant all the way down to the
product. To achieve this holy grail in chemistry, we
develop advanced ultrafast spectroscopic
techniques based on state-of-the-art optical
technology and study the chemical reaction
dynamics of the condensed-phase molecules.
In particular, we exploit ultrafast nonlinear
spectroscopy based on sub-10-fs pulses and track
the change of the electronic/vibrational structure
throughout the chemical reaction with exquisite
temporal resolution. We also develop a novel
methodology and light source to probe ultrafast
dynamics of single molecules in the condensed
phase at room temperature, with the aim to
understand chemical reaction dynamics at the
single-molecule level. Our particular interest rests
on elucidating sophisticated molecular mechanisms
that underlie the reactions of functional molecular
systems such as proteins, molecular assemblies,
and metal complexes. On the basis of new insights
that can be gained from our advanced spectroscopic
approaches, we aim to establish a new avenue for

the study of chemical reaction dynamics.

Fig. a. Schematic illustration of the chemical reaction dynamics on complicated multidimensional potential energy
surfaces (PESs). We aim to visualize how the molecules migrate on these PESs to yield the product and unveil the
sophisticated molecular mechanisms underlying the chemical reactions of functional molecules.

Fig. b. Setup for advanced ultrafast spectroscopy based on sub-10-fs pulses.

SEX

1) H. Kuramochi, S. Takeuchi, T. Tahara, Rev. Sci.
Instrum. 87, 043107 (2016).

2)T. Fujisawa, H. Kuramochi, H. Hosoi, S. Takeuchi,
T. Tahara, J. Am. Chem. Soc. 138, 3942-3945 (2016).

3) H. Kuramochi, S. Takeuchi, K. Yonezawa, H. Kamikubo,
M. Kataoka, T. Tahara, Nat. Chem. 9, 660-666 (2017).

4) H. Kuramochi, S. Takeuchi, H. Kamikubo, M. Kataoka,
T. Tahara, Sci. Adv. 5, eaau4490 (2019).

5) H. Kuramochi, S. Takeuchi, M. Iwamura, K. Nozaki,
T. Tahara, J. Am. Chem. Soc. 141, 19296-19303 (2019).
6) H. Kuramochi, T. Tahara, J. Am. Chem. Soc. 143,
9699-9717 (2021).
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Open up Future Electronics by Organic Molecules

FUWILIROZIZADIBVWFELTERS FH
AEHZED VT BLTHIFESNBNS VYIRS
EUTRIEBAICHESNTLDEHRNS VYIRS
(Organic Field Effect Transistor = OFET) .
T4 RATUA BARICEDN TV DB RENLRFLEEN
ZORRBFIEEZADTLLIBADHARETIS. B
DFICKBHUWLWILIMOZIRDEIRZBEL
T INTTERREOHBINGET I\ A ZRE - R
RUCWISEMRICIDIBA TN T IRFEEICH
DHATWVWDDIX . BERILVINOZIADHTHIE
BICRETMEZ S OB EF | ZfEorch3Y
JAIDREFETT . BEEEFENIDIF EFED
J—OVHEEERADE<EE BEDLEEFEIFE
FOleiRDEVWVET HDEFRODILET. [FADAIUE
FREZBPUDESULIEDITBREIFT.RICEF
DB F > THEFAICIEofe b RITHNHU TRREICED
TEbUE T ABEL T LI, YBa,CuO7 51X EDEE
BRIEYSEELEFDTEETFOI. CDEHER
BFICBTHIENDDO>TVET . ZLCFETIEIE
Dt#HZFIAL TERYFTREOREREF DR
EZZLETRBTPDE., LICRRTERIERFHNERE
[CECOT. i@t ZzEBOBITEICAyTF (1B
B)SEBDTENHRFTT HARFHRTHHT. TS
UTctBEai8 ZOFETREICS VLW TERAI T DT EICHTY
U TINARDRA vF VI MREERENICH LS
BIEICHPIULI LU FeHREIF.EBTED
ON/OFFZXTHIEILIED . EH DR CEBIZEI
BEHIEULDT DTN ZDBEFELEZEBRLTVE
T CDKSIBETNAZARIFREFIVE2L—5—D
FRTEDNDETEMEN G DIFD . ZDEMERR =
RICARBDZEICKOT . FREADO>TIEVNTEDE
VBRI B FRIEBIE D RRHABBERADHDHRO
ZESZATNBIENHFEINTVR T CDKRIE
MRICMA T RERFFIIVDFZAVAEVRIE
EROERMICRT HIRICEIMDEATNET,

SENH

1) M. Suda, Y. Thathong, V. Promarak, H.Kojima, M. Nakamura,
T. Shiraogawa, M. Ehara and H. M. Yamamoto “Light-driven
Molecular Switch for Reconfigurable Spin Filters” Nature
Commun., 10, 2455 (2019).

2) M. Suda, R. Kato, and H. M. Yamamoto “Light-induced
superconductivity using a photo-active electric double
layer” Science, 347, 743-746 (2015).

Organic molecules are attracting recent attention as
new ingredients of electronic and spintronic circuits.
Their functionalities have been developed
considerably, but are still to be explored and
advanced. Our group focuses on a development of
organic electronics in the next era by providing new
mechanism and concepts of the device operation and
fabrication. For example, an electronic phase
transition is utilized for the ON/OFF switching of our
field-effect-transistor (FET). This special FET is called
an organic Mott-FET, where the conduction electrons
in the organic semiconductor are solidified at the OFF
state because of Coulomb repulsion among carriers.
However, these solidified electrons can be melted
by applying a gate voltage, and show an insulator-
to-metal transition so-called Mott-transition to be
switched to the ON state. Because of this phase
transition, a large response of the device can
be achieved, resulting in the highest device mobility
ever observed for organic FETs. At the same time,
Mott-transition is known for its relevance to
superconductivity. Not only in organic materials but
also in inorganic materials such as cuprates,
Mott-transition is frequently associated with
superconducting phase at low temperature. Indeed,
our organic FET shows an electric-field-induced
superconducting transition at low temperature.
Besides these studies, we are also engaged in
development of novel spintronics devices based on

chiral organic molecules.
Mott Insulator Superconductor
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Photochromic SAM

Light-induced superconductivity at an organic interface.
Self-assembled monolayer (SAM) of photochromic
molecule can react with UV light to form electric field across
the interface. This electric field invites excess carriers that
induces superconductivity from Mott-insulating state.

3) H. M. Yamamoto, M. Nakano, M. Suda, Y. lwasa, M. Kawasaki
and R. Kato “A strained organic field-effect transistor with
a gate-tunable superconducting channel” Nature Commun.
4, 2379/1-2379/7 (2013).
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De novo Design of Protein Molecule

FUINOBRFIF 7=/ BESI A TIFEFTHRD

KOIFREED S B FEMICHTD I le R DR RNFIIRITIL
BEZER R UIc(C. T DIRTTILIMEECR DER

BEEFIRT DT ET EMYVAT LICHIFD/IN—YELT
BRAIEEMIRRZEEHEU CVE T IRETEN R TL)
DEARRDY VI IEDORIF. BANMIHREEVD
ESRZ DN THEISICRID BT e LIS “SEstim” Tah.
TNSZBEIT T DDHTIFYVINTED FDEMEXS
ZAXLDFEZRASHICTBDIEIER#ETT . EZT
FEE MBS R P EERIRICE I SR I REHZ
T ZNSZRICYVINOBDFBER ETTY 1Y
U ZDTHA UV INTERFHREICEDKSIC
RDESDDEELZRBRICLOTRANDEWVNSTT
O—F CHRZITOCTVET,

TE(S[ 7 =/ BESIF ED K DTFRIRIC K DI
HEDBEERELTLDDN? |EVVSEREICEDEA
TERUIc. COREIS@EIHSNNIL. 7=/ BB CE
DWTRD IO IMEEE TR T D ED K ZD
S BHDHREEFIR I DIMEISI DI fc 07 <
EECHZBTEICT YA VI DT EBARECIED T T .IN
FCOMREICHBNT. P/ EEESIDFHFBENDKDE.
AaNUYI R BARS VR IV—TDREPRIAEV DT
FHBEEDSRBEDREICEE CHDILZEFHR L.
INSDORRZERICYVINOBT YA Uikt 7EmFET D
CET KLY VINOBBEDT P A /CHIILE U,
SRIE.COTYA UEMTZRRSEDIET . EHD
WREEI DYV I\ OB =T YA 9 DD 2815
LEFET,
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1) M. Mitsumoto, K. Sugaya, K. Kazama, R. Nakano,
T. Kosugi, T. Murata, N. Koga, State-Targeting Stabilization
of Adenosine Az2x Receptor by Fusing a Custom-Made De
Novo Designed a-Helical Protein, Int. J. Mol. Sci, 22,
12906 (2021).

2) N. Koga, R. Koga, G. Liu, J. Castellanos, G. T. Montelione,
D. Baker, Role of backbone strain in de novo design of
complex a/f protein structures, Nature Communications,
12, 3921 (2021).

3) R. Koga, M. Yamamoto, T. Kosugi, N. Kobayashi, T. Sugiki,
T. Fujiwara, N. Koga, Robust folding of a de novo designed
ideal protein even with most of the core mutated to valine,
Proc. Natl. Acad. Sci. USA, 117, 31149-31156 (2020).

4) R. Koga, N. Koga, Consistency principle for protein design,
Biophysics and Physicobiology, 16, 304-309 (2019).

5) Y. Lin, N. Koga, R. Tatsumi-Koga, G. Liu, A. F. Clouser, G.

T. Montelione, D. Baker, Control over overall shape and

Protein molecules spontaneously fold into unique
three-dimensional structures specified by their amino
acid sequences from random coils to carry out their
functions. Many protein studies have been performed
by analyzing naturally occurring proteins. However, it
is difficult to reach fundamental working principles of
protein molecules only by analyzing naturally
occurring proteins, since they evolved in their
particular environments spending billions of years. In
our lab, we explore the principles by computationally
designing protein molecules completely from scratch
and experimentally assessing how they behave.

Protein design holds promise for applications ranging
from catalysis to therapeutics. There has been
considerable recent progress in computationally
designing proteins with new functions. Many protein
design studies have been conducted using naturally
occurring protein structures as design scaffolds.
However, since naturally occurring proteins have
evolutionally optimized their structures for their
functions, implementing new functions into the
structures of naturally occurring proteins is difficult for
most of cases. Rational methods for building any
arbitrary protein structures completely from scratch
provide us opportunities for creating new functional
proteins. In our lab, we tackle to establish theories
and technologies for designing any arbitrary protein
structures precisely from scratch. The established
methods will open up an avenue of rational design for
novel functional proteins that will contribute to
industry and therapeutics.

OUR DESIGNS FOR VARIOUS PROTEIN TOPOLOGIES

ﬁ%@%éﬁ;

MNature, 491, 222-227(2012)

size in de novo designed proteins, Proc. Natl. Acad. Sci.
USA, 112, E5478-5485 (2015).

6) N. Koga, R. Tatsumi-Koga, G. Liu, R. Xiao, T. B. Acton, G. T.
Montelione and D. Baker, Principles for designing ideal
protein structures, Nature, 491, 222-227 (2012).
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BOBRENAREICIEDRUc. /YA XYPEDHS—
BEARINVER) ZRDIEDTE. K100
DIBEROED TRVE—AICEEDELZ. Z—
2 BCEICRANRDIEE TEXT A BF BB
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B ARAEEVSERIEDIE B Z R DX Tt EGET A%z
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MEICDOVWTHARCEICRANDIEDHTEDKIICED
FUIC.CDKRICT /MPEDFUWVEBZH TR,
HlH g DEBENFHRZITOCNET,

BERT/MAFZESH I —EDEBECESSE TR
SIS DL HERP LT EEIC BATMICIERIC
BOE (ZBRMAFOEVESICERT &AMBES
BDRETDHEENHDIEEISNTVITEED
HZEMIBE CRTDRIEHDBZEHRI HIEIFT
TR IEGTIS A PRMRZAV T REL
1BV DHZE  RERCA A—IELTREULR U
Bl Z (XA F DIAERERE LT ABIE C (& R FRADBRE IC
BULEHFEELTVDDHERSIN. CNISERICEKD
FRICRS—HUE T . Ffc. BUEEIS R IRMEZ
RAVWERRT. F /A4 XD Z B> TLBHD . ALIC
ERIRCEZTDE N ZOTERILEDEVD FIWIE
BRZERVWELEUC BT DORER. EZBOMA T
NWEEHDFRFEED CORRITRLEDODIED
bhoTEFLUE

SEX

1) H. Okamoto, T. Narushima, Y. Nishiyama, and K. Imura,
“Local Optical Responses of Plasmon Resonances
Visualised by Near-Field Optical Imaging,” Phys. Chem.
Chem. Phys. 17, 6192-6206 (2015).

2) H. Okamoto, "Local optical activity of nano- to
microscale materials and plasmons," J. Mater. Chem. C
7, 14771-14787 (2019)

3) S. Hashiyada, T. Narushima, and H. Okamoto, “Imaging
Chirality of Optical Fields near Achiral Metal nanostructures
Excited with Linearly Polarized Light,” ACS Photon.5,
1486-1492 (2018).

4) K. Imura, K. Ueno, H. Misawa, and H. Okamoto, “Anomalous
Light Transmission from Plasmonic Capped Nano-Apertures,”
Nano Lett. 11, 960-965 (2011).

With the conventional optical microscope, we
cannot observe shapes of matters smaller than
the wavelength of light (~0.5 pm for visible light).
Observation of nanomaterials became feasible
with a new method of optical microscopy, called
near-field optical microscopy. It enabled taking
color photographs (i.e., spectral information) of
nanomaterials. It also enabled observing dynamical
behavior on the extremely short (10-'* s) timescale
at each position on the nanomaterial. With this new
microscopic method, we investigate fundamental
characteristics of nanomaterials. We found that
wave functions of noble metal nanostructures can
be visualized. By adopting circularly polarized light,
properties of chirality (non-superimposable feature of
a matter on its mirror image) became accessible at
each local position on nanomaterials.

We succeeded in visualizing the local field as an
image with near-field optical microscopy. In the
dimeric gold nanoparticles, strong optical field was
observed at the interstitial site between the two
particles. During the near-field measurement of gold
nanodisk, we found a unique phenomenon that light
coming through a nano-sized hole is enhanced when
the hole is capped with a nanodisk. The result was
interpreted as arising from the nature of noble metal

particles to collect light.

100 nm

Near-field optical images of various gold nanostructures.
A: Single gold nanorod (length 540 nm). The amplitude
of the wave function is visualized. B: Dimers of spherical
gold nanoparticles (diameter 100 nm). Strong optical
fields are observed in the interstitial sites. C: Island-like
assembly of gold nanospheres (diameter 100 nm). Strong
field is localized in the rim part. D: Chirality image of gold
nanorectangle observed with circularly polarized light.
Yellow and blue parts indicate opposite handedness of
chirality. Although a rectangle is not chiral, strong local
chirality is visualized in this image.
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Single-molecule chemistry
studied by scanning probe
microscopy. The figure
illustrates the experiment
on the direct observation
of single-molecule tauto-
merization in porphycene -9

SER

1) S. Liu, M. Mdller, Y. Sun, I. Hamada, A. Hammud, M. Wolf,
T. Kumagai, Resolving the Correlation between Tip-
Enhanced Resonance Raman Scattering and Local
Electronic States with 1 nm Resolution. Nano Lett. 19,
5725-5731 (2019).

2) H. Béckmann, S. Liu, M. Muller, A. Hammud, M. Wolf,
T. Kumagai, Near-Field Manipulation in a Scanning
Tunneling Microscope Junction with Plasmonic
Fabry-Pérot Tips. Nano Lett. 19, 3597-3602 (2019).

3) H. Béckmann, S. Gawinkowski, J. Waluk, M.B. Raschke,
M. Wolf, T. Kumagai, Near-Field Enhanced Photochemistry
of Single Molecules in a Scanning Tunneling Microscope
Junction. Nano Lett. 18, 152—-157 (2018).

4) M. Koch, M. Pagan, M. Persson, S. Gawinkowski, J. Waluk,

T. Kumagai, Direct Observation of Double Hydrogen Transfer

It has been a dream in molecular science to directly
observe single molecules and control them at will.
Scanning probe microscopy invented in 1980s has
achieved this dream and has evolved as an ultimate
tool for single-molecule chemistry in the last few
decades. The family of scanning probe microscopy
still rapidly develops to be a core technology in
diverse areas of nano-science and technology.
Small “nano-world (10° m)” is not only a frontier of
academic researches where intriguing physical and
chemical phenomena are observed, but also has big
potentials for creation of innovative technologies in
the 21st century which can contribute to significant
challenges in human society.

We aim at opening up a new frontier of nanoscale
molecular science using state-of-the-art scanning
tunneling and atomic force microscopy. We
challenge the development of ultimate optical
spectromicroscopy in real-time and space at the
atomic/molecular level, and elucidate fundamental
mechanisms how local structural inhomogeneities
and fluctuations in molecular systems determine their
unique functions.

Direct observation of

quantum dynamics. The & ‘g ¢

figure shows scanning o

tunneling microscopeimage  [FFSEHRIE S \' - |
of single silver atom and NS e
porphycene molecules, g \'

where the double hydrogen L 1nm
transfer reaction occurring
via quantum tunneling is
directly visualized.¥

via Quantum Tunneling in a Single Porphycene Molecule
onaAg(110) Surface. J Am.Chem. Soc.139,12681-12687 (2017).
5) J. N. Ladenthin, T. Frederiksen, M. Persson, J. C.
Sharp, S. Gawinkowski, J. Waluk, T. Kumagai,
Force-induced tautomerization in a single molecule.
Nature Chemistry 8, 935-940 (2016).

6) T. Kumagai, F. Hanke, S. Gawinkowski, J. Sharp, K.
Kotsis, J. Waluk, M. Persson, L.Grill, Controlling
intramolecular hydrogen transfer in a porphycene
molecule with single atoms or molecules located nearby.
Nature Chemistry 6, 41-46 (2014).

7) T. Kumagai, A. Shiotari, H. Okuyama, S. Hatta, T.
Aruga, |. Hamada, T. Frederiksen, H. Ueba, Hydrogen
relay reactions in real space. Nature Materials 11,
167-172 (2012).
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DRIEPYEDORE. BECESDKBRIALE) =
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BEXPZEEAOBECOHEILCVET K. Be
EBICKDMFLIEEADE M E . FERZEETDREER]
HICBHEDBATVET . C<&i. MlFLIEEEITER
REDSRESNCAHIEESYD . lIFLATEHD
IBICINFHRRICERL. [ERDERILZENEEL
BOVXIREERIT A (BRARYIE) [ ZRFELE
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MIFEDEEDBTFNSOEVERZEDHTVET,

Our laboratory is exploring the construction of new
molecular materials through metal-directed
self-assembly. By using coordination bonds with
appropriate bond energy and well-defined
geometries as the driving force of self-assembly, a
variety of three-dimensional architectures have been
constructed at will. Among these nanostructures,
we are particularly interested in hollow frameworks
with a large inner space, where new properties and
functions are developed. Recent outstanding
results include the self-assembly of gigantic MaoLso
and MaslLes spherical complexes. We are also
interested in reproducing solution reactions within
the pore of self-assembled porous complexes. In
due course, we have recently developed a new
X-ray technique that does not require the
crystallization of target compounds (crystalline
sponge method). This innovative analysis method
is attracting considerable interests of not only
academia but also industries such as pharmaceutics
and foods companies.

X-ray structure of MasLes complex.

SEX

1) Q.-F. Sun, J. Iwasa, D. Ogawa, Y. Ishido, S. Sato, T. Ozeki,
Y. Sei, K. Yamaguchi, and M. Fujita, “Self-Assembled MzaL4s
Polyhedra and Their Sharp Structural Switch upon Subtle
Ligand Variation” Science 328, 1144-1147(2010).

2) D. Fuijita, K. Suzuki, S. Sato, M. Yagi-Utsumi, Y. Yamaguchi,
N. Mizuno, T. Kumasaka, M. Takata, M. Noda, S. Uchiyama,
K. Kato, and M.Fujita “Protein encapsulation within
synthetic molecular hosts” Nat. Commun. 3, 1093 (2012).
3) Y. Inokuma, S. Yoshioka, J. Ariyoshi, T. Arai, Y. Hitora,
K. Takada, S. Matsunaga, K. Rissanen, M. Fujita, “X-ray

analysis on the nanogram to microgram scale using porous
complexes” Nature 495, 461-466 (2013).

4) D. Fujita, Y. Ueda, S. Sato, H. Yokoyama, N. Mizuno,
T. Kumasaka, M. Fujita, “Self-assembly of MasoLeo
Icocidodecahedron” Chem 1, 91-101 (2016).

5) D. Fujita, Y. Ueda, S. Sato, N. Mizuno, T. Kumasaka,
M. Fujita, “Self-Assembly of Tetravalent Goldberg Polyhedra
from 144 Small Components” Nature 540, 563-566 (2016).
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TOELSITFE o0V SIEEETFR
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SEN®

1) S. Kimura, T. Kawabata, H. Matsumoto, Y. Ohta, A. Yoshizumi,
Y. Yoshida, T. Yamashita, H. Watanabe, Y. Ohtsubo, N. Yamamoto,
X. Jin, "Bulk-Sensitive Spin-Resolved Resonant Electron
Energy-Loss Spectroscopy (SR-rEELS): Observation of
Element- and Spin-Selective Bulk Plasmons", Rev. Sci.
Instrum. 92, 093103 (2021).

2) P. N. Nguyen, H. Watanabe, Y. Tamaki, O. Ishitani, S. Kimura,
“Relaxation dynamics of [Re(CO)z(bpy){P(OEt)s}2](PFs) in
TEOA solvent measured by time-resolved attenuated total
reflection terahertz spectroscopy”, Sci. Rep. 9, 11772 (2019).
3) Y.Ohtsubo, Y.Yamasbhita, K. Hagiwara, S. Ideta, K. Tanaka,
R. Yukawa, K. Horiba, H. Kumigashira, K. Miyamoto,
T. Okuda, W. Hirano, F. Iga, S. Kimura, “Non-trivial surface

Physical and chemical properties of solids, such
as conductivity, magnetism, superconductivity,
chemical reactions, and life phenomena, such as redox
and photosynthesis, originate from microscopic
electronic and vibrational properties in materials and
their quantum mechanical interactions. Revealing
microscopic information such as electronic states
not only provides us with information on the origin
of physical properties and life phenomena, but
also leads to the expectation and creation of
new functionalities. To visualize the change of
the microscopic state, we also develop novel
spectroscopic techniques using synchrotron radiation,
high brilliant electron beams, and other so-called
quantum beams. Based on the obtained information
of electronic structures, we aim to develop novel

physical properties of new materials.

High-brilliant
spin-polarized
electran gun

Resonant electron-energy-loss spectroscopy (rEELS)
apparatus developed by our group. The apparatus
consists of a high-brilliant spin-polarized electron gun
and a photoelectron spectrometer.

states of samarium hexaboride at the (111) surface”, Nat.
Commun. 10, 2298 (2019).

4) K. Hagiwara, Y. Ohtsubo, M. Matsunami, S. Ideta,
K. Tanaka, H. Miyazaki, J. E. Rault, P. Le Fevre, F. Bertran,
A. Taleb-lbrahimi, R. Yukawa, M. Kobayashi, K. Horiba,
H. Kumigashira, K. Sumida, T. Okuda, F. Iga, S. Kimura,
“Surface Kondo effect and non-trivial metallic state of the
Kondo insulator YbB1.*, Nat. Commun. 7, 12690 (2016).

5) S. Kimura, T. lizuka, H. Miyazaki, A. Irizawa, Y. Muro,
T. Takabatake, “Electronic-Structure-Driven Magnetic
Ordering in a Kondo Semiconductor CeOs2Alo", Phys. Rev.
Lett. 106, 056404 (2011).

38



39

A8 F (HRGEED)

ONISHI, Hiroshi

1985 RAAFEF LS
FIZE 1987 FERFEAF AT
BEZHARMt SR et
FIMET 1993 FERE AR
B+ (B), 1989FEHTA
FEIF 1997 REAFE)
HIR. 1999F M5 | RIS H,
WMrATF=—7OIzyht
I)—4&— 2004FE A KEFE
%, 2021 F 5 FRIFEMR
FRrEEE (JaR7RA b
AR,

mail: oni@ims.ac.jp

1985 B.S. The University of
Tokyo

1989 Assistant Professor,
The University of Tokyo

1993 Ph.D. The University of
Tokyo

1997 Associate Professor,
The University of Tokyo

1999 Project Leader,
Kanagawa Academy of
Science and Technology

2004 Professor,
Kobe University

2021 Professor,Institute for

Molecular Science
(Cross Appointment)

{Keywords)
Interfaces,
Reaction Kinetics,

Catalysis,

Operando Spectroscopy,

Scanning Probes

JEEEFDET DFRE CHEDEERINDIFRE
(Gerhald Ertl, 20074) [/ —~N)UEZEDRSEN
THS15FENEBRLEUfc. —DDYE DT D15
THDFEDAREHUVAT —IICEL OIS FRE
HERDES (0.001-1 pym) ZH DT EZBFREICEH
LT.OEDVEDDHF (P X0.01 pm)ZRTLK
D FEREVIFAREEL . KOKEIFZER- RS —)L(0.1-1 pm)
THREOmAIZ R SEGANEREDmSZH Dt
BHOTENKRHENET (R) . COKXSFRBERHD
BHET FREDHEEZFHIEL CLDIRET O RIFTHE
(ENZARSUREHAIEVIVE ) ZED BTl 157
RITRDEHAEH IR ERLCVEETT,

BRI (D) KSR EEOTKFRZE DL DA AR
EQ)EEEZRRT IEBMEY -5 vNMIRBAT
MAZIFUHT T SANRIFES0FIFERIICHATHEA
SN THD . ST AR ZBRDRRED
RRICERHUTERUIC. KD SKFRZEDLDMEIE
50FAICFERSNED OEFEF/LEDILH
[ESLTHEREELTDIEDTEDN? IHHHoT
WEWLWD T KOMEDE VIR ZERETT DTcH D
B DHOIE A

HITHRICHO CHAZ T IHEDZEEFLENEEE
HRMTHAUTT AZJEDEVEKAER (RED
BRAEKFRIEE) [CTLHMEDZRINE (RE100 ppm®D
HNIVRVBEIEE) ZEMRA D& ARERDIREZ R M
TEDEBHICEDT T B MICED R (MEYIFE
[CROTERICHBEINDINE) Z(153 DIIC B
KEBZRDILEM(TRATIVIEE) ICETMA DI ED
KOSNTNET . UNUIHEDRIEINESPOT
BEEZPDSIFTLDDON?INODSEVND T &S
RIEERRCHEWETINE DD FERETDEH T E A,
KESERENERT HREP. HBMEBERDIET D
FREZANSVREHAIT275RZ2 T RUTINSD-L
[CEATLEFT,

SEN

1) KPG¥, 2 2)VBET VA MR @BATF AV F—E>
ICEBETFINER EAAZX L. i 2021, 63, 108-114.

2) KFE¥, RPE D= 1— b AFAEIC LB RIEEEETE
NDT 7T O—F. BiEE 2016, 51, 67-71.

3) T. Kosaka, Y. Teduka, T. Ogura, Y. Zhou, T. Hisatomi,
H. Nishiyama, K. Domen, Y. Takahashi, H. Onishi,
“Transient Kinetics of O2 Evolution in Photocatalytic
Water-Splitting Reaction” ACS Catalysis 2020, 10,
13159-13164.

4) S. Xue, A. Sasahara, H. Onishi , “Atom-Scale Imaging of
TiO2(110) Surface in Water by Frequency-Modulation Atomic

We are proud of our international-compatible
studies of liquid-solid interfaces, e.g. photocatalysts
for artificial photosynthesis and lubricants for
smooth tribology. Characterization with frequency-
modulation AFM, time-resolved ATR-IR spectroscopy,
soft X-ray absorption, and microelectrode-based
amperometry are being developed. We are pleased
to collaborate with researchers in academic and
industrial organizations to reveal science behind
material conversion and energy dissipation at
liquid-solid interfaces.

A new era of molecular science at interfaces
should be revealed in liquid—solid interfaces of finite
thickness (Figure). The molecular interface is the
place of reaction where molecules of interest collide
with or interact with other molecules. We need to
observe individual molecules there. On the other
hand, the molecular interface is connected to liquid
and solid. Materials and energy come from/to the two
condensed phases, since functional interfaces are
always open to the environment. In addition,
operando characterization is definitely required for
investigating the interface in its working state.

Liquid Continuum

OO Solvated Molecules
Adsorbed Molecules

Molecular
Interface

Top-Layer Atoms

Liquid-Solid Interface of Finite Thickness

Force Microscopy” The Journal of Chemical Physics 2020,
152, 054703 (7 pages).

5) S. Moriguchi, T. Tsujimoto, A. Sasahara, R. Kokawa,
H. Onishi, “Nanometer-Scale Distribution of Lubricant
Modifier on Iron Films: A Frequency-Modulation Atomic
Force Microscopy Study Combined with Friction Test” ACS
Omega 2019, 4, 17593-17599.

6) H. Imada, K. Kimura, H. Onishi, “Water and 2-Propanol
Structured on Calcite (104) Probed by Frequency-Modulation
Atomic Force Microscopy” Langmuir 2013, 29, 10744-10751.
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Micro Solid-State Photonics

HORREFBEDIIOYA—5 —CTHYE - HHID
HEZHHT DB THRZEREICED Y IO K
THANZORICRT BMAZRELCVE T Y100
RAA B CHOBICHTC IS ARBEDRIRTE XA
OHRIRIRICKDEIC—L VNG SIEEEHEDED
BRICHEDRLIE O ZUTHMEIL—T—t53vs
ADFYE . FHRER T ORFAEZES OIS - HHRIFFRD
BRELTYAI0F v TU—H—(CKDMFYIDEE)
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E—LUYVARICERYAIORXA U BZHIET S
BLUIEES (QPM) [CKR DT IR R T D
REHHDRR1T uMET TOHRRHAD 10, ETS5(THE
0.1-0.8 mm"2ETHZRN SIS VIRICE DL HESE
BNERRREREEZRIELCTER L. ZUCEE.
rhEEZ T UfcREEIHES (II-SAB) [ICII T 9B T
—F ST ROU—Y—BED AIREL IO AT REE DL
HOFRUE.CDIESIC K DD TESEN (DFC) %5 4 XY
FIel&F v TRNSRBBEL. /| BSFSER C. a7
BEEL—Y—HEHET . —. SHOFRKREZR
DEDECQPM-KRIEEME THEDIET TREF
MR COEZENFT CORREMRMFEFELEOETT Y,
CDKRSICYE - MH =T 2FEZEDHDET.
EVa—- NN/ BUEREL — 5 — (TILA) [C KR DITER
NESEEBRFL —Y—DED.  Bif & E#HELE L
XFEL' 910720 Re g L — U —EREEF IR ZHEE
TEBETHFRZICHRAZDSTIEIITEL
TILAOVY =7 LNEBE T DETA /N—3y
BIHICEEMTEDEHFLTVET (Fig. 1)1919,

“Micro Solid-State Photonics” based on the micro
domain structure and boundary controlled materials,
opens new horizon in the laser science. The
engineered materials of micro and/or microchip
solid-state, ceramic and single-crystal, lasers can
provide excellent spatial mode quality and narrow
linewidths with enough power'9. High-brightness
nature of these lasers has allowed efficient
light-matter interaction and wavelength extension by
nonlinear frequency conversion: the world first YAG
ceramic microchip laser ignited car®-®, highly
efficiency broad frequency conversions from the
wavelength of 118 nm VUV? until MIR of 11 um*19, in
addition THz to millimeter wave of 0.1-0.8 mm™'? |
and so on. Here, the quasi phase matching (QPM) is
an attractive technique for compensating phase
velocity dispersion in frequency conversion. Lately,
we propose a new architecture to realize a monolithic
multi-disk laser by the inter layer assisted surface
activated bonding (il-SAB)'3. This multiple thin-disk or
chip gain medium for distributed face cooling (DFC)
structure can manage the high-power and high-field
laser with high-gain compact system. Besides,
QPM-structured crystal quartz constructed by
multi-plate stacking could be promising as a high-
power and reliable VUV frequency conversion devices'™.
These downsized and modularized tiny integrated
lasers (TILA) promise the extremely high-brightness
lasers to open up the new science, such as laser driven
electron accelerator toward table-top XFEL with RIKEN
SPring-8 Center'"19:19 and innovation by the compact
power laser cooperation with TILA consortium'” (Fig.1).

Fig. 1 TILA consortium toward “Laser Science and Innovation” by micro solid-state photonics.
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@ﬁﬁ"ﬁ%’?ﬁ'ﬁﬁﬁ %5@%’2" UVSOR Synchrotron Facility

FlE. ZDIRRICK DT FRIMR. AIFRIEHR, SRR ATIRERIMR. XHR, &
BRLIEZETCIFENETT . CORLISRREDHD S 1 —F—HLED
RRONEERICHDHT CEDTEDEEH Y IONIVIEIRCT,
BIXLF—DEFE-LDEHEERTHRI D70V,

HE5WIEREBICHBVTERE CERAMNEL. 2 FRZZHDE
RV E CRIRSNTVET . D F RIS OBIREN SR
M52 (& 1983 F (CHERB Zins ey 7OMOVNIRTI D HEHD
WRZRE C T COIBRRINFDSTRINR T SNIVYIRICEDERI R
WF—DYroObOVAREVTHAREKEDSIEESZEOT
WET, ZOHIEEENU T BRI DIER T H 2ETIREOEE
BRAIDYTONTVERT . UVSOREVSEF T FMICHSN. EA
DHIFSFHFZMD SFIFEEZIANTVET

Light is called with various names such as infrared, visible, ultraviolet,
vacuume-ultraviolet and X-ray, depending on its wavelength. A synchrotron
light source is capable of producing light in the ultra-wide wavelength range
from infrared to X-rays.

Synchrotron light radiated by high energy electrons traveling in a strong
magnetic field is intense and highly collimated. It is widely used in
various research fields including molecular science. In IMS, a synchro-
tron light source has been operational since 1983. After several
upgrades, it is still the brightest in the world among low energy synchrotron
light sources. By utilizing its excellent performance, the electronic
structure that is the origin of the functionalities of solids is directly

observed. This facility is called UVSOR and is used by many research-
ers not only from our country but also from overseas.

%Egt’yg = Instrument Center

RtV —FDFRT—IVF VATV A V5 —ERFHIfHL—
Y—BRAR Y —DONRESRZEREL T TR 19F48 IS (CHR
BUFUIC 2TV 5 —COEIDNAKSIIILFHXDONMR, &
BENMEE. MARXRENEE. H-BM0NEE. AKXFHXED
ESR.SQUID#ERET. XEREHTEE (MR, Bigm) ORRAZEIM
V==Y R T L SR HEE. RN HERN D HRELETT,
Tl RFEERRRFERYNT— I BEEHEL. FBEE DX
P, EBEFRADOFH-FEEWebI AT LAZIRH L. 2 EMLN RS D
HEFAZZELCWE T . GH4EEISNHENYT U7 VIR
UY—FA VTS8R ZRLC. EFIREHIMEIC L DZ L DI
HERFIRDAIRET T,

Instrument Center was established in 2007 by integrating two research
centers in IMS. The main instruments maintained in YAMATE campus
are: NMR, MALDI, X-ray diffractometers, etc; in MYODAIJI: ESR,
SQUID, SEM, Spectrometers (FTIR, UV-vis, ESCA, ARUPS), etc. The
center organizes the Inter-University Network for Common Utilization of
Research Equipments and participates in the program of Advanced

Research Infrastructure for Materials and Nanotechnology in Japan
supported by MEXT.

S (G R - e [Flfiff 787 X A % ik Sevin O 78 ax fisd

State-of-the-art facilities supporting cutting-edge research

DA

UVSORIJE:% by
SiRBTFEETMmAELT P
BLEUICEFEBNEEM |
FRENEATNE

Photoelectron momentum

microscope was launched

at beamline BL6U as state-of-

the-art instrument to evaluate
the electronic structure

SESFLEMBDT /18E%=
HEL: ifi‘éﬁﬂﬂ@'éfc&)@
EEBEXIRIAMER

Scanning transmission
X-ray_microscope for visualizing
nanostructures of various
materials with-elemental resolution

CCDE SR XIRAATET
CCD X-ray Diffractometer

BER SHSETACHISRE
High-frequency ESR Spectrometer
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BRI HEEE R T DEMEDEBEN TV ifFTMEIER=)
HS. FIANDRRE EFFICEEL. BRINEMAZTREETD
BRABRBEEORAEZFHRHIITEIRUICROD FRIZMAZ
KABIEWHIC, KOFTERFEAMDOEF COBERICIDEATVER T,
TZEEPRECHU RN TS EFEEE TIE RS I 5B ZERIEL.
BT DERICEHBHTVET,

Equipment development center provides technical services to support
advanced molecular sciences with new equipments. Machining,
electronics, micro-patterning, and 3D-printing facilities are maintained

by skilled technical staffs who help researchers design and fabricate
state-of-the-art equipment.

= NI= go 45~ —
SHERISR Y
Research Center for Computational Science
D EME—DOD FRZDFOERT ERZRR DD DHEF AE
BT SEBHNERMIARDREFDERD . BIEEXDIAFEMELE
EDRFRZEINAF YA TV ADHREICHL T KEEFTIEFART
BES KNS BRI T CED/ \—RRIBEFAETOIS LY ThER
HUTVIET . Fa29F 108D SI3ERID2Y A5 LEHRE L UTCHEEE
SREEEREDAPFlops D[S HAED FU 21 —5 | DERZRIEL.
KRS EDRIT CEDRRERHEL TV,

Research Center for Computational Science provides state-of-the-art
computational resources to academic researchers in molecular science
and related fields, e.g. quantum chemistry, molecular simulations, and

solid state physics. The computer systems consist of NEC LX406R-2,
LX110Rh-1 and LX108Th-4G.Total performance is 4PFlops.

ﬂlﬁﬁﬂﬁg Equipment Development Center
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Clean Room =

DiEaticEed
HeiERE

Development of Apparatus

=

BT

Electronic Circuit

AR FISIU=5
High Performance Molecular Simulator
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ERNDHABNOHEERR-HEFIAZEICET 55K

Serving as a core organization for domestic and international collaborations
EANDHRRE DS FI COHRRF - MERFIAZREL TLE T,

DFRFRRAIE HEFIBEREEL T - DEE-FiRiE iR Haa w2k 5L, BHEEFIARRRE—E 20215E
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FIRDHE E——CHEMRZITI R HMRIZLIERLTCVET . JOFBICEDT
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s o IMS opens up state-of-the-art facilities including
DUREEL T 2 FRFERIC UVSOR for collaborative and/or joint researches.
BIFBEmPIARFHEDOHEEFIAIC

105 projects by remote (FY2021)
KOHEMRDIBEICHIDHEAT
WEd,

k?ii}%ﬁﬂ: REBlERYNT—I DIESE Inter-University Network for Common Utilization of Research Equipments (EqNW)
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*More than 14,000 registered users

*Mutual utilization among national universities (since FY2007)
*Open for private universities, public institutes, private companies
(more than 300 organizations)
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ITU7IFEIRUY —F 42T S Advanced Research Infrastructure forMaterials and Nanotechnology in Japan

BHAFENSNRENTUZIVERIUY —FA U ITSEEE
BUC ERFIREBIRRIC L DS L DEREEFIADAIETT .

The center organizes the Inter-University Network for Common
Utilization of Research Equipments and participates in the
program of Advanced Research Infrastructure for Materials and
Nanotechnology in Japan supported by MEXT.

SFRFZROEUERMFMAOREICE T D AFHERZRE.
HEFIAEEELTOMIERMDEH ZIRDTVET

Institute for Molecular Science (IMS) has strengthened its personnel affairs measures as an Inter-University Research Institute
by the following new approaches, to contribute to the promotion of the basic research mainly in molecular science field.

REDOHFEBDERLICEIT DiEREL T HULLVASRREIEZRBLE U,

BHFMICIFE A TO2HEZHITLU D FREDEF DM TUNI VR DZIEE . HAEBDEHZIERT DIchDIEEITVE T,
FERIERZERPT

1. DFRFDHFICBNCREROHZZ0 R TR REZ [ S8R | CUCTBRBL MRICE R CEDRRZRHLET .

2 DFRIZEDBHCOBVTIHEINEIRZToCVDAFHEZIOR T INA Vh XV NTHRIEL. D FHROSTinRiZEE o igRIC
EHPRICIDESBZRHFLE T

Division of Advanced Molecular Science

1. IMS invites Distinguished Professor who leads world-class unique research in the field of molecular science, and provides environment to
devote themselves to research.

2. IMS invites Adjunct Professors from universities and institutes, who leads a unique research in molecular science utilizing state-of-the-art
facilities of IMS, by Cross-Appointment system.

DFRERAMEEREEDSDERICEIOTEETIA—T V1 /R—yavillmEL
EEFOHEMAZRELET

Institute for Molecular Science (IMS) has launched a division for research collaboration to commercialize the latest technology by running
a project with industrial funding along with the government support. As a center of open innovations, we will expand it and strengthen the
cooperative relationship among Industry, Academia and Government.

DFRFMEATIE D FRIZDOMERDYIDO7ZIZEP U RN BFORE ZHLT DEOEHD—DEL T EHDERENBEED SOREICKDEET
BA—T A I R— 3V DR EE IR ERPT | 2R B I 2 & LW UE UTe . ARFTEBPI Tl BAICHIF i/ B — T —33#lfIC K D1/ R—
VavERDIEEL EFBEERICAEENEDOL—Y —RRBERA /N—Ya flmNEEL— -3V —I 7 L(TILA: Tiny Integrated
Laser) |2 L. ABECEE S HEHMDOEESINBEE ERRICEEZMOEHS, HilcFESEERAORILZBELE T,

Division of Research, Innovation and Collaboration has been established in TILA o (o= = =
Institute for Molecular Science as one of the projects to open up the new ——— =

aspects of researches on molecular science and to expand the range of the
research fields. The division is a center of open innovations and run by
membership fees from outside organizations such as commercial enterprises.
TILA, Tiny Integrated Laser, Consortium has been formed in the division
with the aim of making innovations based on ultra-small laser technologies
in Japan. TILA Consortium is an industry-academia-government, knowledge-
intensive innovation center of research and development on lasers and )

cooperates closely with the outside organizations which approve of the ..::i;:.’;:.'.::.:'.:.‘.:.:,:..
above purpose and is intended for creating new industry-academia joint e '

researches. INBIEEREL—H— TV — 7 s (TILA)
https://tila.ims.ac.jp/

B 2. AENMSESCEEMT AL
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ﬁﬁl:ﬁ:b%*wh'ﬂ—ﬂ@*ﬁ%ﬁ Constructing a world-wide research network

DFRIZNEAE. ERNED FRHZMRDOFRMREL THRENEREIZRELTVET,

EFHEERFEI SO BHFHIEDAMBEL International Collaboration Programs

DFHZMAPRIRIERLIR. Z<OERSHORE. SHONBAREREDRITAN. KU
ERHERRREEDBEBNEHEL L BROICHMNHRRELTOREZEST
EFHU. EFHEMREECHIET DIcHIC. FR16FEEIDMBEDOER KRR EEE
BIBLTVET COFRETRE. (1) HFHERA V5—rvyTTOIS A, (2) 5 FHRER
EFRREBNVWIOISLEDRRGDIEBRERZHELTVNTY . 7I7EEB LT
FRDARBERRE A MRIBEEMEL. EFEERZERIELTVET,

I

L o~ J

LN AT

IMS has accepted many foreign scientists and hosted numerous international conferences since its establishment and is now widely
recognized as a leading institute that promotes firm international collaborations. In 2013, IMS initiated a new program to further promote
international collaboration. As a part of this new program, IMS has been promoting the IMS International Internship Program for Foreign Graduate
Students and the IMS International Fellowship Program for Young Foreign Researchers, through several foreign nominating institutions and

universities.

PERSRBEICE DR (12#R8)  International Exchange Agreements (12 organizations)

TSR France

TS VAENNNUESHF EFER Ecole Nationale Supérieure de Chimie de Paris
Ry Germany

NIV BHKE Freie Universitat Berlin

NR—=5—-JYaUN)LIHREFR
NVIR-TSVIHRT I I\—I\—FRFEFR
(R EFRED

Peter Grlinberg Institute
Fritz-Haber-Institut der Max-Planck-Gesellschaft

T4VSUR Finland
FUIVKE University of Oulu

54 Thailand
FAEULS /T /OV-RREVIT— National Nanotechnology Center, National Science and Technology Development Agency
AU India
A VRIRKREN—V TR Indian Institute of Technology Kanpur

thE China
BAREYIE L ZERERERE, BFIAFE State Key Laboratory of Physical Chemistry of Solid Surfaces (PCOSS), Xiamen University
a2z Taiwan
R BRI FER S FRIF IR Institute of Atomic and Molecular Sciences, Academia Sinica
EIRFRRZGEARE National Yang Ming Chiao Tung University(NYCU), Taiwan

| Korea
BE(LZSYEBLETEY3Y Physical Chemistry Division, Korean Chemical Society
RIIEERZF Sungkyunkwan University

HERADALTE (58%R8) Exchange Programs of SOKENDAI (5 Universities)

54

Fa1S5SOVI—UKE BEY

HEY— KR BRE

DIV IUAT A —FBIZ M RE KRS

Thailand

Chulalongkorn University / Faculty of Science

Kasetsart University / Faculty of Science

Vidyasirimedhi Institute of Science and Technology (VISTEC)

JL—27 Malaysia
EEALN B University of Malaya / Faculty of Science
Ry Germany
A TF RFEAYIEF IR

Friedrich Schiller University Jena / Institute for Solid State Physics
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Excellent environment nurtures next generation of molecular scientists ANBR-AZEER

AKIRZEFRIE. 3 FRIZICBIT DRTIRODMATZEHEE T DI TIFFL ZEDHBZITVL.BAHD D F
MEZEEO TV AMZBR T D LICENZEANTVE T,

y RIS EFERR
ﬁﬁéﬁﬁ%kﬁ B?Ek$ High quality advisian?g and facilities

SOKENDAI The Graduate University for Advanced Studies

ES Rl L EISSA HEHAREE
TSRS KBS EFHRE DB RICORENICERD TEDEIE ERERAR
HATHED. A2 P RE CERYT D2 < DERELEFEH L TVET, Excellent environment International conferences
for research and joint researches
The graduate students of the Graduate University for Advanced
Studies (SOKENDAI) take molecular science classes, including [ ER e ) HSXFRAE-TLEY
chemical science, physical science, material science, and Jp—F)LOEDHEIZ REEDTEEHE
bioscience. Extensive library and Technical and scientific
online journals English education
AR CEBTeHICIE Admissions T ASIEASE S (2?  About SOKENDAI?

TR R DIE BATRASRASAAZLT
FIIRATC SUARTIRAF AT TR AR (FFA) [£53A

WerKZERRBDFET,
X?T(_;ﬁlﬁl_ﬁﬁb'cb\%“‘i@ﬁlirﬁﬂuﬁﬂﬂﬁﬁﬁﬁ 1&uT s el L o
SNCRF bl - SLAEN ] rE
SRR CERTED TS, BRI UC LV SBRED
TSRS NERBERIFVARE

If you wish to study at IMS, you need to apply EOHDILTT , AEER/ 2
o N5
for admission to SOKENDAL. °

FIBTICEE 2FEDHESTHRE Y
BHEOHEHEFREZEHDIIEZBELC BAN VI —VIv T,
TSI — ERYURID L HERREFCDIL = —IIHERERE T
FTVD D, FERDEER I S0 AR FE AR BV T To CLE T

SOKENDAI [The Graduate University for Advanced Studies] was
founded on October 1, 1988 as one of the national universities of
Japan. The headquarter is located in Shonan Village (Hayama-cho,
Miura-gun) in Kanagawa Prefecture, Japan. Each department is
housed in its parental institute.

II:EI% % EE%?R Career after graduation

S8BT Lecturers 2%
Bh# Assistant Professors 10%

RIS (RRES)-
851 ZDfth
Employee/research staff
inprivate companies etc.

47%

HEBUE Associate Professors 11%

R RHIEBIER TR

Research staff in universities, public institutes 14%

2% Professors 16%
202151281R7E 512744  Total: 274 (updated in December 2021)

R EEFARRE

BDOKRZICFIRL CWLSEL. B DREDF 4 Z HRIFHEFAMRE | L TRAN RS
T2 CVET . 2EDSBE20RZEDZED T L OB FHISHEL. FRICRDEATNET,

BANAZGBE106) © IOBEAR. TIAZ. THEAZ, FEAS HRAZ FRTEAZ
STEA (ENALE, BEALS, REEAS, BAKEAS, SR TEAS. BIERITHEAZ, -

LSRR R A A REAZ, AP MEAZ, FILAZ, EBAZ. BEASZ, BRSEPRT CHE
FUNAE, RERMHIIALS. BREAS s
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Promoting widespread awareness of science in the society

HE=ED3SHR
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Knowledge Enhancement Workshop
for Science Teac e
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Campus Tour
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Public Relations
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Collaboration with Okazaki City
ioh Board
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Common Facilities in Okazaki

[ BRI S EE
Okazaki Library and Information Center
http://www.lib.orion.ac.jp/

I ERRKEEF. @IE3HRFTORE. Mt
ErINE-BEREL EEBOBE . £RFIA
MREBEDFATEES .

[F75tRE]
BERRET—EX
Web of Science.
SciFinder %

In the Okazaki Library and Information Center,
books and journals from three affiliated
institutes (IMS, NIBB, NIPS) are collected,
arranged, and stored for the convenient use
of staff and visiting users.

[Available services]

© Online access to various journals and
databases (Web of Science, SciFinder, etc)
available.

M 77U A5 —
Okazaki Conference Center
http://www.orion.ac.jp/occ/
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The Okazaki Conference Center is a facility
designed to promote international and domestic
academic exchanges and contribute to the
advancement of research and education in
the three Okazaki institutes, as well as the
promotion of social cooperation. An auditorium
(Ohsumi Conference Hall), a middle room and
two small rooms with seating capacities of
208,112, and 50, respectively, are available.

[T EF AR R EE At
Accommodation Facilities for Researchers
http://www.occ.orion.ac.jp/lodge/
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For visiting researchers from universities and
institutes within Japan and all over the world,
we provide accommodations (Mishima Lodge
and Myodaiji Lodge). Mishima Lodge is located
in a quiet residential area about a ten-minute
walk from each institute. Myodaiji Lodge is
located on the same premise as the three
institutes and is about a five-minute walk
from each institute.
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2021 FENBES IR
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BIFRR BB SR (EERE) 508,495
SRS 859,124
WmmWEe 0 slae4
= 1,439,393

PEREF I [ FEFUR—h2021 1258,

Settlement of account for FY2021 (unit of 1,000 JPY)
Income Expenses

Subsidies for Operating Expenses 2,289,408 Personnel 1,010,976
0 Reseach 12718

Other Subsidies 37,177 Joint Research 727,023
FaciityGrants 0  SuporsforEducationandResearch 0

Self-Income 43,046 General Administration 4 442

_ - Other SUbSIdles 37 -
Reversal of Reserve for Specmc Purposes _-

Grants-in-Aid Scientific Research "KAKENHI|"* 439,533

*Direct Costs only.

Status of External Research funding for FY2021 (unit of 1,000 JPY)

Grants-in-Aid Scientific Research "KAKENHI"** 508,495
Research grants 859,124
total 1,439,393

**Direct Costs only.
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Administration o225

M Senior Scientific Advisors

KITAGAWA, Susumu
James M. Lisy

Distinguished Professor, Institute for Integrated Cell-Material Science (iCeMS)
Research Professor, University of lllinois Urbana-Champaign

B Councillors

KIKUCHI, Noboru
OSAKABE, Nobuyuki
TAKIGAWA, Masashi

MForeign Councillors

Matthias Weidemdiller
David A Leigh

MIndustry-Academia Collaboration Advisors

KIKUCHI, Noboru
FUKUDA, Shin

M Advisory Committee

AKIYOSHI, Kazunari
IWASA, Yoshihiro
SHINOKUBO, Hiroshi
TAKAHASHI, Satoshi
TADA, Mizuki

HAGA, Masaaki
FUKUI, Kenichi
MAFUNE, Fumitaka
MURAKOSHI, Kei
YOSHIZAWA, Kazunari
AKIYAMA, Shuji

IINO, Ryota

ISHIZAKI, Akihito
EHARA, Masahiro
UOZUMI, Yasuhiro
OKAMOTO, Hiromi
KERA, Satoshi

SAITO, Shinji
YAMAMOTO, Hiroshi
YOKOYAMA, Toshihiko

Representative Directors, Genesis Research Institute, Inc.
CSO, Smart Life Business Management Division, Hitachi, Ltd.
Institute of Materials Structure Science, High Energy Accelerator Research Organization

Vice-Rector, Ruprecht-Karl University Heidelberg
Royal Society Research Professor & Sir Samuel Hall Chair of Chemistry, The University of Manchester

Representative Directors, Genesis Research Institute, Inc.
Councilor, R&D Center, Mitsui Chemicals, Inc.

Professor, Department of Polymer Chemistry, Kyoto University

Professor, School of Engineering, The University of Tokyo

Professor, Graduate School of Engineering, Nagoya University

Professor, Institute of Multidisciplinary Research for Advanced Materials, Tohoku University.
Professor,Graduate School of Science, Nagoya University

Professor Emeritus, Faculty of Science and Engineering, Chuo University
Professor, Graduate School of Engineering Science, Osaka University
Professor,Graduate School of Arts and Sciences, The University of Tokyo
Professor, Graduate School of Science, Hokkaido University

Professor, Institute for Materials Chemistry and Engineering, Kyushu University
Professor, Institute for Molecular Science (Chair)

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science
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DFfZTAE Main Office Bldg. 2,790
(2)52E&18 Main Laboratory Bldg. 8,857
(@ EIEERR South Laboratory Bldg. 3,935
@ FHERIFMEZ>5 —1 Computer Center Bldg. 2,474
® HENFZ2RARR Joint Research Bldg. A 1,527
® HEFZR4EBAR Joint Research Bldg. B 1,260
@ H[EHHZ24ECHR Joint Research Bldg. C 1,053
® HEFZLARDAR Joint Research Bldg. D 1,063
@ HEFFREUVSORM& Joint Research Bldg. UVSOR 3,097
(0 751>/ —1& Administration Bureau 2,371
@ XZ4E Library 2,002
@ BE=EE Faculty Club & Coop 1,575
® I=x)LUF—1>/%— Electricity Control Station 1,514
(9 FEZEY)ITELEE Waste Strage (0]
® EfHFEZE Guard Station 131
&3> 7> A 12>/% — Okazaki Conference Center 2,863
@ =80 Mishima Lodge 4,079
LLIZF 1 58BA Yamate No.1 Bldg. A 4,674
@ 15 15#EB Yamate No.1 Bldg. B 2,303
@ [ LIFF25HE Yamate No.2 Bldg. 8,703
@)|1/F 3588 Yamate No.3 Bldg. 10,757
@|1/F 4588 Yamate No.4 Bldg. 3,813
@1 1IFF55EE Yamate No.5 Bldg. 664
@) EERBEKAUIRNERZ Waste Disposal and Treatment Facility 111
@ = EBCEENESR High-Voltage Distribution Facility 540
@ BAAFOwS) Myodaiji Lodge 1,023
@ |BBPtz>/%—1& NIBB Center of Interuniversity Bio-Backup Project 492
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At Toyohashi Station, catch the Meitetsu train and get off at Higashi-Oka-
zaki Station (approx. 20 min from Toyohashi to Higashi-Okazaki).Turn
left at the ticket gate and walk south for approx. 7 min.

At Meitetsu Nagoya Station, catch the Meitetsu train and get off at
Higashi-Okazaki Station (approx. 30 min from Meitetsu Nagoya to
Higashi-Okazaki).Turn left at the ticket gate and walk south for approx. 7

|3
&

Catch the Meitetsu train at Central Japan International Airport Station
and get off at Higashi-Okazaki Station (approx. 60 min from the Central
Japan International Airport Station to Higashi-Okazaki). Turn left at the
ticket gate and walk south for approx. 7 min.

Take the Okazaki Exit on the Tomei Highway. Approx.1.5 km toward
Nagoya, turn left at the City office S.E. turnoff (approx. 10 min from
Okazaki Exit).

BARSFHX . T444-8585 BAIREMIGTHRAASFHI 388t

TEL.0564-55-7000 FAX.0564-54-2254

— L 3F i X:7444-8787 EHEMAIGTHIAAFEIFESRIL5-1
1A

https://www.ims.ac.jp/
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