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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.

IMS has served as a center of excellence to lead molecular science activities over four decades long. With the support from the community
of related research fields, IMS will continue standing as a comprehensive open-use laboratory, 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 is an interdisciplinary playground exploring molecular-hierarchy systems; 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. Our challenge continues. Exploratory Research Center on Life and Living Systems, integrating knowledge of three institutes of
NIBB, NIPS and IMS, on the quest of the secret keys to life and living.

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

Institute for Molecular Science

Director General KAWAI, Maki
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What is IMS?

PR EDOERDIGELT

Core research sites to grow new scientific fields

DFRRICBTDREMDIATZE
HEELTLET,

We promote frontier research in
the field of Molecular Science.

P.5

Fostering of Young Researchers

FEOYEZTV.HED S FRIZZ P 4 4
EoTVWKAMZBRLTVETY, ’

We commit ourselves to educating students and fostering
the next generation of Molecular Scientists.
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Inter-University Research Institute

RERRER PAERESFZERND P 39
ARERRBICLLARVZIEVWTNVE T, '

We offer open access to researchers from Japan and
abroad to both our facilities and equipment.
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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 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.

/A% History

FRFIS0F4R S FRIFAFEATEIER (FBF5044H228) Apr. 1975  Institute for Molecular Science founded (April 22, 1975)
ety —8E (~FmIFE3A) Instrument Center established (-March 1997)
REMRERE Equipment Development Center established
FRF514F5R  {EFERIZERE (~FRIF3A) May 1976 Chemical Materials Center established (-March 1997)
BRM52F4H EFetERtEY Yy —RE(~FER125638) Apr. 1977 Computer Center established (-March 2000)
BEREYY—HRE (~TR9FE3R) Low-Temperature Center established (-March 1997)
MBFIS654H MIGEIIEERFREERIER (~F1653H) Apr. 1981 Okazaki National Research Institutes (ONRI) founded (-March 2004)
BRFIS7EE4R  RImERN KRB E Apr. 1982 UVSOR Facility established
FRFISOFAR  SBIMEFRRMEERERE (~TR19F3H) Apr. 1984 Coordination Chemistry Laboratories established (-March 2007)
FAFI63FE108 HEMAAXERAZRZE Oct. 1988 Graduate University of Advanced Studies founded
HIRZHAR (~TR16F38. LIEE School of Mathematical and Physical Science, Department of
YIERIERERD Structural Molecular Science/Department of Functional Molecular
BED TRIF TR D FRIZEKR Science established
EROELR DFHREL——BERR Y —RE Apr. 1997 Laser Research Center for Molecular Science established
(~Fr29438) (-March 2017)
DTFYEREMRR LY —REB(~FM14F3R) Research Center for Molecular Materials established (-March 2002)
TRi125F4H  HEiAREREE (RIBRE/\ A A1 IUR Apr. 2000 Research facilities (Okazaki Institute for Integrative Bioscience
t/’ﬁ (~Fm30E3R) . FTERIZHR Y5 —) (-March 2018) and Research Center for Computational Science) established
ERL14FEAR  DFRT—IWF /DA IRV —HRE Apr. 2002 Research Center for Molecular-scale Nanoscience
(~Fm2553R) established
EM16F4R KFHEFAEREEAB AR ZRFEBRIE Apr. 2004 National Institutes of Natural Sciences founded as one of the four

Inter-University Research Institute Corporations

TER19F4AH  ARRMBIEICHAFARER. sty —BRE Apr. 2007 7 Departments reorganized to 4 Departments
Instrument Center re-established

TH255F48 WBEDFIVATLMREVY—RE Apr. 2013 Research Center of Integrative Molecular Systems established
ER29F4AR AVZOAEYIEARRR EY Y —RE Apr. 2017 Center for Mesoscopic Sciences established
Fri30F48 4SEmAIRER Y — (BARIEIRFHEAE) % Apr. 2018 Exploratory Research Center on Life and Living Systems established

AB-FH Personnel and Budget —— "

)\E (Afrl:lzf\EMEJlElIE?‘) (ELL A) %*DFEEEB&%EE A*ﬂiﬁﬁ%“ﬂﬁﬁ AR (%14 F)
R 1 - 1 A B 1077605 RIFRAEREHREESC 375,452
MR\ — 13(8) 11(6) - 24 48(14) —  48(14) EEEFEE 2363342 HERR(REERDSORAZZD) 30,904
mams — 4 5 1 13 23 = 23 M & B 602790 %%W@Jﬁﬁﬁ%ﬁi&%ﬁ(%(nlﬂ; 232,668

proge PN = = MRS (HE 554,664
BiiR — - - — — | 36 36 = 5 4,043,737 ;‘x‘ssfﬁﬁ% Z0f 115,463
& & 1 17(8) 16(6) 1 37 72(14) 36  108(14) EBFm - e 902795

¥ OANFRERUREDEFT THH. * FEFNBENOBEAFEFRERCST. P 1309.451

HABEFIRENICZT. =8 e

X EEDRERICED, x2BEREESO.
%3 RAFENUBRREES0, HBMRERZR

Staff (as of April, 2020) Budget (FY 2019) (Thousand yen) Grants-in-Aid (FY 2019)* (Thousand yen)
Director General 1 Personnel 1,077,605 Grant-in-Aid Scientific Research(KAKENHI, MEXT and JSPS)** 375,452
Professors 17(8) Joint Research 30,904
Associate Professors 16 (6) Research 2,363,342 CREST, PRESTO, others(JST)*** 232,668
Senior Reseacher 1

- Special Coordination Funds for 554.664
Assistant Professors 37 Facility 602,790 Promoting Science and Technology from MEXT*** !
Technical Staff 36 Others*** 115,463
Total 108(1a) Ot 4,043,737 Total 1,309,151

*Included in the left table ** Including indirect expenses
*** Including contract-based research and indirect expenses
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SAITO, Shinji
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BEHIR.2020Fh'520225F
Indian Institute of Technology
KanpurZ 2%,

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)
Fluctuations,
Reactions,
Functions,

Glass Transitions

MEHD TR E—HFEBF Theoretical Molecular Science |
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Theoretical Studies on Dynamics behind Reactions, Functions,
and Glass Transitions in Many-Body Molecular Systems

KOKSEITISEIZINMEE LY VI B DRRERE
(FEDRICEFNDDTULINPERPERD FIE
EDRIFEEREMINF T . CDRIFEERICIE. T
LN (1075%8) EWVSIERITRVBFE R — )LD F
REIN'S. Y708 (10F#)HSZUR103F) ZL
TESITGEVRER T — LD D FDEREES) P
N TBOBEELDEELF T . CNSDEEFL
W AT —)UIChfc o TL\BEIT TR . BI5HZEH
AT —=LEHBEHIEHEOITVET . EBICRE
PEAICKIDEBDHFBOAELEILLEFT .CDLD
TSEMIRERNC KD D FEEFELTCOBEFER T
ZIELUCTVWET K. ZEDRDIFIESEDH T #RAL
BAEZRISDETL. ZNODREREL T B DKL
TS VIO BDORREICDIEDDE T F . N
FTIF FERBICHL DD FOERMEFEIEE L TRIGH
ARENTVFEUIE LD U EEBRDERICKD (B4 D7
FOBERLPREEH T D EBARECEOTE
FUTc. ZDHRER ERTFHSNIAERICIFRSTUEL
BHITFE DRSO TER UIcAEFRET HZE
PEFHRCE DB DERE - T ADRMER
EVZA—aVDERICED D FEENZRETU. B
DB VI TBEDEEED ED K IICEHHETNDD
M FEALERIEDEDKSITETT DD OIS EZE
- STERERICHRLTVETD,

Scheme of enzymatic reaction. Reactions rapidly take
place through 'conformational excited states' on a two-
dimensional surface expressed by fast and slow variables.

SER

1) T. L. C. Jansen, S. Saito, J. Jeon, and M. Cho, "Theory of
Coherent Two-dimensional Vibrational Spectroscopy,” J. Chem.
Phys. (Perspective) 150 100901 (17 pages) (2019)(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) J. Ono, S. Takada, and S. Saito, “Couplings between
Hierarchical Conformational Dynamics from Multi-Time

Correlation Functions and Two-Dimensional Lifetime

Many-body molecular systems such as liquids and
biomolecules show dynamics over a wide range
of spatiotemporal scales and yield various
thermodynamic and dynamic properties. For example,
in supercooled liquids, spatiotemporal non-uniform
motions are found. The motions known as dynamic
heterogeneity are now considered to be a crucial clue
to understand supercooled liquids and glass transition.
The heterogeneous dynamics also 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 of spatiotemporal heterogeneous
dynamics in the many-body molecular systems is
required for the elucidation of 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 environment
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.

Spectra: Application to Adenylate Kinase,” J. Chem. Phys.
(Special Topic: Multidimensional Spectroscopy) 142,
212404 (13 pages) (2015)(Invited).

4) T. Mori and S. Saito, "Conformational excitation and
non-equilibrium transition facilitate enzymatic reactions:
Application to Pinl peptidyl-prolyl isomerase," J. Phys.
Chem. Lett. 10, 474-480 (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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MINAMITANI, Emi
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BSOS TR E RS
TEL: 0564-55-7301

mail: minamitani@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

WEHD TR E—RFREBFT Theoretical Molecular Science |

ETFZIFNRIEOIS I T EF 1E DRI

Theoretical Studies on Novel Physical Properties Arising

from Many-Body Interaction

BEFRDHRLEEINEYHRF. BEFPEFIRED
BFCTHDTA/VEVOIRA S RMEEDEFH
FHEEERICKODTELTVERT FEDTIL—T
TREFILIZPOZIRX-AEVROZIZEVDSE
WARICHE/EUDL F/RT—I)LTOHEHEETRIL
F—ERDOFERAZRIELCIBDEFRPE—IR
BHEZHIEDELMAFEORFE L. KRR
=T EFRICEZEUCHBMRZEDTNET,

F /AT —VOREICEAUTIEGEEIRPAEY
PEHEEERICEBLTVI T EEMRE. BE
AEVECEEFHEEFERALGEFRIZERSIFEN
DEHNBEFERREZLM T DRRTI ALY
PEREEAIF REV ZEHolc B FHEANEHE
BHZEITHETELIERBNEHRT. RAEY
NREDAMZBENL T LIEDTT MZEFELIT,
KELOF /EECRED FICBITDHEFRROT
BEMZEROTLE T,

IXRIVF—BHRICDVWTIE FICEFTI7/VHEE
ERICEB LB ZED TOLR T AR FIREIDEF.
T# ./ EBFOEEERE ESUER. AEVRDL'S
BInECEDT CERYEDAICHSDONDRD
BEANGHBEERO—DTIN HEERBEDR
BEDOIIEETESODIEAIMEDTIL—TTIF
BENEHERICEDLE—REFEZINALE
BF 4/ VHEFRAORRAEZRELC. S
KEDHECRNDEF T4/ VHEERDY I FIL
ZIRADIEP . EF I/ VHBEFRAICHRKT D
BYENDIEBRICEDHATVE T,

SE

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.

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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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

WIERD FREIZEETIHZTEBFI Theoretical Molecular Science Il

EAEED FRICBIFDEFENFIRRDIEH

Theoretical Studies of Quantum Dynamics in

Condensed Phase Molecular Systems

BLDEFHRRREHMRIDEE.RDETS,
WHIEDEFREMBEIMILREEREI LI TE
FHABICASHDOHNFREEMTDIIET. EEIC
STHHRESIN, EECFEFEDTERICRIFEND
—— BHEDFRICBVTCFEFIEDHIFERERDIN
SUAMEREST A FZIRDREICKE TR EZR(E
US2IcH[ZBEHED X ICEULDESEPERICE
SNEDSEFNIREEDLITHEZRITDDN
ZEMAITHLIF ERLTRELLFDITT,

ZTDXRIFEFINRIRRDIWEFHIEL T BN
RIE10FIFEMDEA TV DX EREEREICHITD
BFIRIF—BEOEFRDHBENSDET S
BRIEHEVSYIB I RILF—Z/EHFI A8
FIRIF—ICERT DD TFBECTHD FEOERMZ
BUTHIIR EDETOEREH ZHIFLTVET,
EFFBETREIRILF-—OHERNSEEEIN
IXIF—BERBEICNZDEIRELL TS
BEDLEFZRO AN FHRFOMBEEFIE
HENTVET . ABBHDBEDTFVSEEICIE. FHES
NEAIRIVF-BERDFOEFRHEIRIV
F—LEDEFF100% DEFIIRECTRIGHDY VI
ENEXSN—EDOEFBERINEHRELFIH LK
IFYBZEBICHDEDS., KB ABE VD FEE
EESEDRICHDENSEFREIRILF—(FED
KICUTRBHADNRFICHES F—REMNICUD
BEIXRILF—ERICAVLSNDDTLLIN?

Bl BEEL— Y — NS EDRBRARE 2
([SEEUENS, EFRIERENHFIER - IR ZIN
BERZEME T D E THERPIRBRIEICBITS TR
IVF—EE P TRIVF—EIRBRELEDEREEDF
RICBIFDEFHHFRROEAICIDIBATNE T .

SENH

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.

The crystal structure of LHCII isolated from spinach, which
is the most abundant photosynthetic antenna complex in
plants containing over 50% of the world’s chlorophyll
molecules.
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1988 B.S. at Kyoto Univ.
Faculty of Engineering

1993 Ph.D. at Kyoto Univ.
Graduate School of
Engineering
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1) M. Ehara, T. Sommerfeld, “CAP/SAC-CI Method for
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. Karanijit, H. Sakurai, “Low-Temperature Carbon-
Chlorine Bond Activation by Bimetallic Gold/Palladium
Alloy Nanoclusters: An Application to Ullmann 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-CI| 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 Hz 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.

Fig. 1 Electronic resonance states of DNA/RNA nucleobases

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-f (AB)
peptides. To overcome these diseases, it is essential
to understand amyloid genesis and disruption. We
perform such MD simulations of amyloid fibrils.

SEXH

1) H. Okumura and S. G. Itoh, “Structural and fluctuational
difference between two ends of AR 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. Itoh, “Amyloid fibril disruption by
ultrasonic cavitation: Nonequilibrium molecular dynamics
simulations,” J. Am. Chem. Soc. 136, 10549-10552 (2014).

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

Fig. 2 Disruption process of an amyloid fibril of AR peptides
by supersonic wave. The amyloid fibril is disrupted when a
bubble collapses.
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1) T. Fujita, J. Huh, S. K. Saikin, J. C. Brookes, A. Aspuru-Guzik,
“Theoretical characterization of excitation energy transfer in
chlorosome light-harvesting antennae from green sulfur
bacteria,” Photosynth. Res. 120, 273-289 (2014).

2) T. Fujita, S. Atahan-Evrenk, N. P. D. Sawaya, A. Aspuru-Guzik,
“Coherent Dynamics of Mixed Frenkel and Charge Transfer
Excitons in Dinaphtho[2,3-b:2'3'-f] thieno[3,2-b]-thiophene
Thin Films: The Importance of Hole Delocalization,” J.
Phys. Chem. Lett. 7, 1374-1380 (2016).

Organic molecules can assemble into an ordered
structure by non-covalent interactions, forming various
types of aggregates. Molecular aggregates exhibit
characteristic optical and electronic properties that are
not observed in isolated molecules; those optoelectronic
properties are desirable for producing flexible and
low-cost devices. For example, a large number of
molecules can behave cooperatively due to their
intermolecular interactions, and they can form a
collective electronic excited state by light absorption.
Another characteristic photophysical process of
molecular aggregates is fluorescence resonant energy
transfer, where an electronic excited state is
transferred from one molecule to another. In addition,
when the intermolecular distance is so close that the
intermolecular orbital overlaps become significant,
charge separation can take place. Our research
targets are optoelectronic properties and photophysical
processes that emerge as a result of the molecular
aggregation.

We study optoelectronic properties and quantum
dynamics of molecular aggregates. More specifically, we
focus on energy and charge transfer dynamics, energy
conversions, and structure-property relationship. We
currently investigate electronic structures and exciton
dynamics in organic optoelectronic materials, such as
an organic/organic interface. We also develop an ab
initio theory suitable to treat electronically excited
states of large systems with reasonable accuracy,
on the basis of a fragment-based theory and a
many-body perturbation theory.

Fig1:(a) Schematic picture of excitation energy transfer in
the chlorosome light-harvesting antenna system. (b)
Time-dependent polarization anisotropy.

Fig2:(a) Schematic picture of the exciton in a thin film of
p-type organic semiconductor molecules (b)
Delocalization length of electron (red) and hole (blue)
wavefunctions and electron-hole separation (green).
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1) K. Okazaki & G. Hummer, “Phosphate release coupled
to rotary motion of Fi-ATPase.” Proc. Natl. Acad. Sci. USA
110:16468-16473 (2013).

2) 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).

3) EIFE— “Fi-ATPase DIEEERIEEI DV ILF AT — LIS R
UVEBRNSYY T 1y D# Y - BEIRET.” £
55:208-209 (2015).

Functional dynamics plays an important role when
biomolecular machines fulfill their functions. For
example, motor proteins walk on the rail or rotate
relative to the stator by using ATP hydrolysis energy.
Transporter proteins transport their substrates across
the membrane by changing their conformation between
inward-open and outward-open conformations. We aim
to understand design principles of these precise, yet
dynamic nano-machines developed by nature.

Functional dynamics of biomolecular machines
involve wide spectrum of intricate motions. In order to
understand such dynamics, we need a multiscale
approach to cover full range of these motions.
Conventional atomistic molecular dynamics
simulations alone cannot cover millisecond-long
functional dynamics, especially for a large system
like biomolecular machines. Thus, we use both
atomistic and coarse-grained molecular simulations,
as well as kinetic model, to tackle this problem.

We have been particularly focusing on ATP
synthase that produces most of ATP required for
living activities. The ATP synthase is composed of
two rotary motors, F, and F;. The F. motor
(F1-ATPase) use ATP hydrolysis energy to rotate the
central stalk in one direction. By using atomistic
molecular dynamics simulations, we clarified timing
and pathway of P; release that produces torque?®.
We also clarified the coupling mechanism of two
rotary motors F, and F,, based on a master-equation
model 2.

Molecular dynamics simulations of Fi-ATPase. Torque on
central stalk or biasing potential for P; are applied to speed
up functional dynamics.
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1) “Visualizing picometric quantum ripples of ultrafast
wave-packet interference,” H. Katsuki et al. Science 311,
1589-1592 (2006).

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).
Selected for “Editors’ Suggestions” in PRL.
|83 Covered by “Viewpoints” in Physics; Physics 3, 38 (2010).
Covered by “Research Highlights” in Nature; Nature
465, 138-139 (2010).
4) “Strong-laser-induced quantum interference,” H. Goto et
al. Nature Physics 7, 383-385 (2011).
Highlighted by “News and Views” in Nature Phys. 7,

373-374 (2011).

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.

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., in
press (2020).
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1) S. Kera, H. Yamane, N. Ueno, “First principles measurements
of charge mobility in organic semiconductors: Valence
hole-vibration coupling in organic ultrathin films”, Prog. Surf.
Sci. 84, 135-154 (2009).

2) F. Bussolotti, S. Kera, K. Kudo, A. Kahn, N. Ueno, “Gap
states in pentacene thin film induced by inert gas exposure”,
Phys .Rev. Lett. 110, 267602-1-5 (2013).

3) FBussolotti, J.Yang,T.Yamaguchi, Y.Nakayama, M.Matsunami,
H. Ishii, N. Ueno, S. Kera,“Hole-phonon coupling effect on the
band dispersion of organic molecular semiconductors”, Nat.
Commun. 8 173-179 (2017).

4) M. Schwarze et. al.,"Molecular Parameters Responsible
for Thermally Activated Transport in Doped Organic
Semiconductors”, Nature Materials 18, 242-248 (2019).

5) Y. Nakayama et. al.,"Widely Dispersed Intermolecular Valence
Bands of Epitaxially Grown Perfluoropentacene on Pentacene
Single Crystals”, J. Phys. Chem. Lett. 10, 1312-1318 (2019).

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.

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

UVSOR-IIl 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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1) M. Katoh, M. Fujimoto, H. Kawaguchi, K. Tsuchiya,
K. Ohmi, T. Kaneyasu, Y. Taira, M. Hosaka, A. Mochihashi,
Y. Takashima, “Angular Momentum of Twisted Radiation
from an Electron in Spiral Motion”, Phys. Rev. Lett. 118,
094801 (2017).

2) Y. Hikosaka, T. Kaneyasu, M. Fujimoto, H. lwayama,
M. Katoh, “Coherent control in the extreme ultraviolet and
attosecond regime by synchrotron radiation”, Nat.
Commun. 10 4988 (2019).
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Fig.1: Schematic illustration of 90-degree laser
Thomson scattering.
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1) Y. Taira, M. Adachi, H. Zen, T. Tanikawa, N. Yamamoto,
M. Hosaka, Y. Takashima, K. Soda, M. Katoh, “Generation
of energy-tunable and ultra-short-pulse gamma ray via
inverse Compton scattering in an electron storage ring”,
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
annihilation lifetime spectroscopy using ultrashort
laser-Compton-scattered gamma-ray pulses”, Rev. Sci.
Instr., 84 (2013) 053305.

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.

10° [,=108.0 = 0.8 ps (99.92%) ——
Source 0.8 + 0.3 ns (0.08%)
104 £ . ]
= NMIJ stainless steel
5 108 Size: 18x15x15 mm |
o
s
£10?
o
(@]
10t
10°

Time (ns)

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. Katoh, “Generation of optical vortices by
nonlinear inverse Thomson scattering at arbitrary angle
interactions”, The Astrophysical Journal, 860 (2018) 45.
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1) K. Tanaka, W.S. Lee, D.H. Lu, A. Fujimori, T. Fujii, Risdiana,
I. Terasaki, D.J. Scalapino, T.P. Devereaux, Z. Hussain, Z.-X.
Shen, “Distinct Fermi-momentum- dependent energy gaps in
deeply underdoped Bi2212.” Science 314, 1910-1913 (2006).

2) W.S. Lee, I.M. Vishik, K. Tanaka, D.H. Lu, T. Sasagawa,
N. Nagaosa, T.P. Devereaux, Z. Hussain, Z.-X. Shen, “Abrupt
onset of a second energy gap at the superconducting
transition of underdoped Bi2212.” Nature 450, 81-84 (2007).

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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Pressure Hard X-ray Photoelectron Spectroscopy” L. Yu,
Y.Takagi, T.Nakamura, T.Sakata, T.Uruga, M.Tada, Y. lwasawa,
S. Masaoka, and T. Yokoyama, J. Phys. Chem. C 123, 603
(2019).

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. lwasawa 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.

Ambient pressure hard x-ray photoelectron spectroscopic
system. (a) Apparatus installed at SPring-8 Beamline
36XU. (b) Front corn with a 30-um aperture of the
electron energy analyzer, made by Equipment
Development Center, IMS. (c) Au 4f HAXPES of Au(111)
at a real ambient pressure of 10° Pa. (d) S 1s HAXPES of
polymer electrolyte fuels cells under working conditions
of the cathode-anode voltages of 0.0, 0.8 and 1.2 V.
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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.

Fig. 1 Infrared-visible sum-frequency-generation (SFG)
spectroscopy of water molecules on solid surface 9.

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.

Fig. 1 Concept of blended junction.

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-p
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.

Biomolecules
Methodology

Hardware developments

developments

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. Ilwata, K. Nishimura, and
E. Yashima, Angew. Chem. Int. Ed. 56, 791-795 (2017).
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1) F. Takeiri, A. Watanabe, A. Kuwabara, H. Nawaz, N. Ayu,
M. Yonemura, R. Kanno and G. Kobayashi*, "Ba:ScHOs:
H- Conductive Layered Oxyhydride with H- Site Selectivity,"
Inorg. Chem. 58, 4431-4436 (2019).

2) N. Matsui, G. Kobayashi*, K. Suzuki, A. Watanabe,
A. Kubota, Y. Iwasaki, M. Yonemura, M. Hirayama, R. Kanno*,
"Ambient pressure synthesis of La;LiHO3 as a solid

electrolyte for a hydrogen electrochemical cell," J.
Am. Ceram. Soc. 102, 3228-3235 (2019).

Chemical energy conversion/storage using
electrochemical devices such as fuel cells and
batteries will become increasingly important for future
sustainable societies. Recently, many research for
advanced electrochemical devices beyond Li
secondary batteries and fuel cells have been actively
carried out all over the world. A breakthrough of core
materials used as electrodes and electrolytes is
required to open up the frontier in the electrochemical
devices. An injection of new ion conduction
phenomenon is one of the dominant candidates for
the creation of novel battery systems. We focus on
hydride ions (H-) as a candidate of charge carriers for
energy devices. In this context, we aim to synthesize
new materials possessing hydride ion (H-) conductivity,
and to create a novel battery system utilizing both the
H- conduction phenomenon and the H-/H, redox
reaction.

Crystal structures of Laz«ySryLiHixyOsy (x =0,y =0, 1, 2).
The coordination environment around lithium ions
continuously changes with a change in the O/H- ratio. The
four axial sites of the Li-anion octahedra (anion sites in Li-anion
planes perpendicular s-axis) prefer to be occupied by H-.

3) Y.lwasaki, N.Matsui, K.Suzuki, Y.Hinuma, M. Yonemura,
G. Kobayashi, M. Hirayama, I. Tanaka and R. Kanno*,
"Synthesis, crystal structure, and ionic conductivity of
hydride ion-conducting Ln.LiHOs (Ln = La, Pr, Nd)
oxyhydrides," J. Mater. Chem. A 6, 23457-23463 (2018).
4) A. Watanabe, G. Kobayashi*, N, Matsui, M. Yonemura,
A. Kubota, K. Suzuki, M. Hirayama, R. Kanno, "Ambient
pressure synthesis and H- conductivity of LaSrLiH202,"
Electrochem. 85, 88-92 (2017).

5) G. Kobayashi*, Y. Hinuma, S. Matsuoka, A. Watanabe,
I. Muhammad, M. Hirayama, M. Yonemura, T. Kamiyama,
I. Tanaka and R. Kanno*, “Pure H- Conduction in Oxyhydrides,”
Science 351, 1314-1317 (2016).

6) G. Kobayashi*, Y. Irii, F. Matsumoto, A. Ito, Y. Ohsawa,
S. Yamamoto, Y. Cui, J.-Y. Son and Y. Sato, “Improving
Cycling Performance of Li[Li0.2Ni0.18C00.03Mn0.58]02
through Combination of Al203-based Surface Modification
and Stepwise Pre-cycling,” J. Power Sources 303, 250-256
(2016).
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Operation and Design Principles of Biological Molecular Machines
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3) Nakamura A, et al., Nat. Commun. 9: 3814 (2018).
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7)1sojima H, lino R, et al., Nat. Chem. Biol. 12: 290-297 (2016).
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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®->7) and rotary
motors® !V, Especially, we focus on new molecular
motors such as chitinase®-:%, 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*?. Rotary molecular motor V-
ATPase also belongs to this family. Interestingly, the
AAA+ molecular machines show wide variety of
functions. We engineer non-natural biomolecular
machines with new functions®®- 4.

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).
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15) Ando J, et al., ACS Photonics 6: 2870-2883 (2019).
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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.

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 (2006).
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Design, Synthesis, and Functionalization of Chiral Molecules

MENZDRKEEREDTIENTERVEEE
[FSUTF1lEVWWNZDRIGEEBEZE DN FZ +5
R F EFURT[FIUT 1 FRAEPEDHEE
EERTEDIERELTHISNTVET MEICFSY
TAZHHIFAD T &IF. Z DIEBEDRREEE LCER
WO . BOYEZRDHTE—HLLEDETFCED
JI—T TR F S5 ILEEE Y ERENDICARRZ
RIRBERICIRE, ZOEBIDICHDHATVE T,
BEOFIIHFFETTAV L ZOERICEITTIHRE
DERFEZFREFELMBICERUIFIIVD FOHT
ISHBEDRIEZSHEL T HAMRZEED TVET,

WEBRINETICBEROKREEHSEMMIZE
I3FIILDFRIEDORFEICHIILE U, CDF3)
DFEERSDIAVTAAXA—23VD55. 00D
WEDIVIFA—=23VDHEEDT T ESIC.ID
FIIWDFD . FIIVIFNDFMIGT D0 FIERE
EUTHBET DT EZRHUK Ule, CORBRIF EHTFH
SHADDFEZE T HERDEED. D FEIHE
BEOAIFIILDFICKDEENICRRTEDIL
ZEREULCTVET,

B FINWDFET YA VU HERULCRINE
BMEL T RIS mTRE M 2R D 1o+ 5 )LD F DRIRLICHE
HUTOWE T MRABENFEZAVC. GRLIED F
DRADIRDEVERFHL. S FIHFEOUEZRH
JIET HIISHREZR I 5+ S IVMEZRIDHLT
WEEWEEZZTVET,
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1) C. Jongwohan, Y. Honda, T. Suzuki, T. Fujinami,
K. Adachi, N. Momiyama, “Brgnsted 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 Brgnsted 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
Brgnsted 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. lwamoto, 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
Brgnsted Acid Catalyst” ACS Catal. 6, 949-956 (2016).
5) N. Momiyama, T. Narumi, M. Terada, “Design of a
Brgnsted Acid with Two Different Acidic Sites:
Synthesis and Application of Aryl Phosphinic
Acid-Phosphoric Acid as a Brgnsted Acid Catalyst”
Chem. Commun. 51, 16976-16979 (2015).

6) N. Momiyama, T. Konno, Y. Furiya, T. Iwamoto, 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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Creation of Novel Photonic-Electronic-Magnetic Functions
Based on Molecules with Open-Shell Electronic Structures

K(H0)PER(Ny) ARV EV (CeHo) ITHRFREND
KO —RIE D FIHMBEREDEF =15, FRET
BEZAELCVET . — A CIIVAILEFENSEFHE
DEF=ZET DD FlEHREFIBEZE L. BLEHF
[CIEofebEAICHE b & FfFEFEIE TIIRIRD
EEHS L2 - IR B ZRITLE T B DIRR
JI—TTR.SIDIOE-BERESWETHD
ERIBAFEHREFBSZEE I 2HLLIFIENE

BRU.CNETICHEVWIZ U5 #RIHT D
Z&Z=BEL MREEDTVET,

EBIFSINIVHTRI FAFEICEELTVET,
RAMEDD FHOERELEDSERER T I \1 XDH
YEELUTRAITRRSNTVS—AT. SIAIVIEFES
UIELIB ELTEZ SN, TOFRNAFEIS RIS
REHELOTVEUT. CORBHREHZYTIDIHRINRL,
WeBIR>DFOESEEEICT 1 VU BUWMEERE
HZEITIRAMESIHILPYBTMZERFELE LI,
PyBTMZEEU THUWRSEIES I AL ORI RERE
EEBAZRLICERL. [EREFRIESTIIOEF
DIREFVDY, EDKDEFH UL ZEHHT DH? ]
ZRNTCTVWET ATl SINILDREALEDHSIC
FOTCRELET B L MR T THRRELE U,
INSDIRFARHRIE ERFIZDRBDHFS T HIZ L
AT )\ A RAZEA TR T DI DFTEDRTILEE,
EARIZORERICEEMULTCVET,

ZDAfth, R B FRERAVE— TR - Rt CRRRIRY
ey Bl REERNL. BRPZHETMDEF. 5D
WEEIELRDWLDICENFEL TS FIFLCWVDEF
R ER WM ERANTVE T SEBEV DN
HOHFHSINKCTHHEZBULED Ofc K DIFIE KR
YIENEFNBD L ZER T HAMFAZED TLE T,
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1) 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).
2) Y. Hattori, T. Kusamoto, and H. Nishihara “Enhanced
Luminescent Properties of an Open-Shell (3,5-Dichloro-
4-pyridyl)bis(2,4,6-trichlorophenyl)methyl Radical
by Coordination to Gold” Angew. Chem. Int. Ed. 54, 3731—

3734 (2015).

3) 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, 1184511848 (2014).

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.

4) T. Kusamoto, H. M. Yamamoto, N. Tajima, Y. Oshima,
S. Yamashita, and R. Kato “Bilayer Mott System with
CationeesAnion Supramolecular Interactions Based on Nickel
Dithiolene Anion Radical: Coexistence of Ferro- and
Antiferro-magnetic Anion Layers and Large Negative
Magnetoresistance” Inorg. Chem. 52, 4759-4761 (2013).
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1) 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).

2) 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
Knot” Science, 365, 272-276 (2019).

3) Yasutomo Segawa, David R. Levine, and Kenichiro Itami,
“Topologically Unique Molecular Nanocarbons” Acc. Chem.
Res., 10, 2760-2767 (2019).

4) Guillaume Povie, Yasutomo Segawa, Taishi Nishihara,
Yuhei Miyauchi, and Kenichiro Itami “Synthesis and
Size-Dependent Properties of [12], [16], and [24]Carbon
Nanobelts” . Am. Chem. Soc., 140, 10054—10059 (2018).
5) 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).

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.

1) Design and synthesis of nm-conjugated organic
molecules

2) Development of novel molecular topology

3) Construction of 3D network polymers

6) Guillaume Povie, Yasutomo Segawa, Taishi Nishihara,
Yuhei Miyauchi, and Kenichiro Itami, “Synthesis of a Carbon
Nanobelt” Science, 356, 172-175 (2017).

7) Yasutomo Segawa, Akiko Yagi, Katsuma Matsui, and
Kenichiro Itami, “Design and Synthesis of Carbon Nanotube
Segments” Angew. Chem. Int. Ed., 55, 5136-5158 (2016).
8) Yasutomo Segawa, Hideto Ito, and Kenichiro Itami,
“Structurally Uniform and Atomically Precise Carbon
Nanostructures” Nat. Rev. Mater., 1, 15002 (2016).

9) Yasutomo Segawa, Takehisa Maekawa, and Kenichiro
Itami, “Synthesis of Extended m-Systems through C—H
Activation” Angew. Chem. Int. Ed., 54, 66-81 (2015).

10) Yasutomo Segawa and Douglas W. Stephan, “Metal-
free Hydrogenation Catalysis of Polycyclic Aromatic
Hydrocarbons” Chem. Commun., 48, 11963-11965 (2012).
11) Yasutomo Segawa, Makoto Yamashita, and Kyoko
Nozaki, “Boryllithium: Isolation, Characterization, and
Reactivity as a Boryl Anion” Science, 314, 113-115 (2006).
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Bioinorganic Chemistry of Metalloproteins Responsible
for Signal Transduction
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1) "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).

2) "Structural characterization of HypX responsible for CO
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).

3) “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).

4) “Probing the role of the heme distal and proximal

environment in ligand dynamics in the signal transducer

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 crystal structure of N-terminal domain of HtaA
responsible for heme uptake in C. glutamicum (left) and a
close-up view of its heme-binding pocket (right).

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).

5) “Structural characterization of heme environmental
mutants of CgHmuT that shuttles heme molecules to heme
transporters,” N. Muraki, C. Kitatsugi, M. Ogura, T. Uchida,
K. Ishimori, S. Aono, Int. J. Mol. Sci. 17, 829 (10pages) (2016).
6) “Structural Basis for Heme Recognition by HmuT
Responsible for Heme Transport to the Heme Transporter
in Corynebacterium glutamicum,” N. Muraki, S. Aono, Chem.
Lett. 45, 24-26 (2015).
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Dynamical Ordering of Biomolecular Systems

for Creation of Integrated Functions
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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
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K. Aoki, M. Nakanishi, T. Satoh and K. Kato, “Improved
secretion of glycoproteins using an N-glycan-restricted
passport sequence tag recognized by cargo receptor,”
Nature Commun. 11, 1368 (2020).

2) M. Yagi-Utsumi, A. Sikdar, C. Song, J. Park, R. Inoue,
H. Watanabe, R.N. Burton-Smith, T. Kozai, T. Suzuki,
A. Kodama, K. Ishii, H. Yagi, T. Satoh, S. Uchiyama,
T. Uchihashi, K. Joo, J. Lee, M. Sugiyama, K. Murata and
K. Kato, “Supramolecular tholos-like architecture constituted
by archaeal proteins without functional annotation,” Sci.
Rep. 10, 1540 (2020).

3) S. Yanaka, R. Yogo, H. Watanabe, Y. Taniguchi, T. Satoh,
N. Komura, H. Ando, H. Yagi, N. Yuki, T. Uchihashi and
K. Kato, “On-membrane dynamic interplay between

anti-GM1 IgG antibodies and complement component C1q,”

Int. J. Mol. Sci. 21, 147 (2020).

4) R. Yogo, Y. Yamaguchi, H. Watanabe, H. Yagi, T. Satoh ,
M. Nakanishi, M. Onitsuka, T. Omasa, M. Shimada,
T. Maruno, T. Torisu, S. Watanabe, D. Higo, T. Uchihashi,
S. Yanaka, S. Uchiyama, and K. Kato, “The Fab portion of
immunoglobulin G contributes to its binding to Fcy receptor
III,” Sci. Rep. 9, Article number: 11957 (2019).

5) S. Yanaka, R. Yogo, R. Inoue, M. Sugiyama, S.G. Itoh,
H. Okumura, Y. Miyanoiri, H. Yagi, T. Satoh, T. Yamaguchi, and
K. Kato, “Dynamic views of the Fc region of immunoglobulin G
provided by experimental and computational observations,”
Antibodies 8, 39 (2019).

6) T. Sekiguchi, T. Satoh, E. Kurimoto, C. Song, T. Kozai,
H. Watanabe, K. Ishii, H. Yagi, S. Yanaka, S. Uchiyama,
T. Uchihashi, K. Murata, and K. Kato, “Mutational and
combinatorial control of self-assembling and disassembling
of human proteasome a subunits,” Int. J. Mol. Sci. 20, 2308 (2019).
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Origins of 24 Hour Period in Cyanobacterial Clock System
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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) J. Abe et al., “Atomic-scale Origins of Slowness in the
Cyanobacterial Circadian Clock” Science 349, 312-316
(2015).

3) S. Akiyama et al., “Assembly and Disassembly Dynamics
of the Cyanobacterial Periodosome” Mol. Cell 29, 703-716
(2008).

4) Y. Murayama et al., “Tracking and Visualizing the
Circadian Ticking of the Cyanobacterial Clock Protein
KaiC in Solution” EMBO J. 30, 68-78 (2011).

5) Mukaiyama et al., Sci. Rep. 8, 8803 (2018).

6) T &7, "B Z ERETRIP ORER”, AT (2016).

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®.

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
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Chemical reactions of polyatomic molecular
systems proceed on complex potential energy
surfaces (PESs) having a vast degree of freedom of
nuclear coordinates. For understanding molecular
mechanisms underlying the chemical reactions, it
is essential to map out the PESs and visualize how
the molecules migrate 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 the
state-of-the-art optical technology and study
chemical reaction dynamics in functional complex
molecular systems. In particular, we use ultrafast
nonlinear spectroscopy based on sub-10-fs pulses
and track the change of the electronic/vibrational
structure throughout the chemical reaction with
femtosecond temporal accuracy. We also realize
such extreme ultrafast spectroscopic experiments
at the single-molecule level in the condensed
phase for unveiling the diversity and origin of the
reactivity governed by the uniqueness of each
molecule. 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 molecular systems.

Fig. b. Setup for advanced ultrafast spectroscopy based on sub-10-fs pulses.
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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).
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T. Tahara, Sci. Adv. 5, eaau4490 (2019).

5) H. Kuramochi, S. Takeuchi, M. lwamura, K. Nozaki,
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Open up Future Electronics by Organic Molecules
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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.

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. Iwasa, 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
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1) Rie Koga and Nobuyasu Koga, Consistency principle
for protein design, Biophys. Physicobiol. 16, 304-309 (2019).
2) Nobuyasu Koga, Rie Tatsumi-Koga, Gaohua Liu, Rong
Xiao, Thomas B. Acton, Gaetano T. Montelione and David
Baker, Principles for designing ideal protein structures,
Nature 491(7423), 222-227 (2012).

3) Yu-Ru Lin, Nobuyasu Koga, Rie Tatsumi-Koga,
Gaohua Liu, Amanda F. Clouser, Gaetano T. Montelione,
David Baker, Control over overall shape and size in de
novo designed proteins, Proc. Natl. Acad. Sci. USA 112(40),
E5478-5485 (2015).

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.
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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.

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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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 MaoLeo
and MuaslLes 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.
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1) Q.-F. Sun, J. lwasa, D. Ogawa, Y. Ishido, S. Sato, T. Ozeki,
Y. Sei, K. Yamaguchi, and M. Fujita, “Self-Assembled M24Las
Polyhedra and Their Sharp Structural Switch upon Subtle
Ligand Variation” Science 328, 1144-1147 (2010).

2) D. Fujita, 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 MsolLeo
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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1) P. N. Nguyen, H. Watanabe, Y. Tamaki, O. Ishitani, S. Kimura,
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TEOA solvent measured by time-resolved attenuated total
reflection terahertz spectroscopy”, Sci. Rep. 9, 11772 (2019).
2) Y.Ohtsubo, Y.Yamashita, 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
states of samarium hexaboride at the (111) surface”, Nat.
Commun. 10, 2298 (2019).

3) K. Hagiwara, Y. Ohtsubo, M. Matsunami, S. ldeta,
K. Tanaka, H. Miyazaki, J. E. Rault, P. Le Feévre, F. Bertran,
A. Taleb-lbrahimi, R. Yukawa, M. Kobayashi, K. Horiba,

Physical and chemical properties of solids, such
as conductivity, magnetism, superconductivity
and chemical reactions, and also life phenomena,
such as redox and photosynthesis, originate from
microscopic electronic and vibrational properties in
materials and their quantum mechanical interactions.
To clarify the microscopic information of electronic
and other states provides us not only the information
of the origins of the physical properties and life
phenomena but also the expectation and creation
of novel functional properties. To visualize of 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. On the basis of the obtained
information of electronic structures, we are aiming to
develop novel physical properties of new materials.

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.

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).

4) S. Kimura, T. lizuka, H. Miyazaki, A. Irizawa, Y. Muro,
T. Takabatake, “Electronic-Structure-Driven Magnetic
Ordering in a Kondo Semiconductor CeOs:Al1, Phys. Rev.
Lett. 106, 056404 (2011).

5) S. Kimura, T. Ito, M. Sakai, E. Nakamura, N. Kondo,
K. Hayashi, T. Horigome, M. Hosaka, M. Katoh, T. Goto,
T. Ejima, K. Soda, “SAMRAI: A variably polarized angle-
resolved photoemission beamline in the VUV region at
UVSOR-II”, Rev. Sci. Instrum. 81, 053104 (2010).
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For future sustainable development, we promote
research development of advanced catalysts based
on element strategy criteria. Non-precious metal such
as iron, nickel, cobalt, and copper catalysts are
investigated for synthetic transformation of various
organic molecules related to pharmaceutical and
photoelectronic materials. To elucidate the precise
catalytic properties and mechanism, X-ray
absorption spectroscopy and various radiant right
spectroscopies provided at UVSOR are used, where
development of a solution-phase in situ XAS
spectroscopic techniques and system will be
intensively conducted for the study of homogeneous
organometallic catalysts. Multidisciplinary research
covered on DFT and XAS spectroscopy is also
conducted to achieve an efficient structural
determination technique being never accessible by
the conventional XAS-based structural analysis.
Using these cutting-edge spectroscopic
technologies, we aim to promote innovative catalyst
research which enable us highly efficient
transformation of extremely unreactive organic
molecules such as simple aromatic compounds, CO»,
and biomass into valuable functional materials.

a) Innovative catalysis development based on radiant right spectroscopy
b) XAFS-based mechanistic study on iron-catalyzed cross-coupling reaction
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Micro Solid-State Photonics
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T—BST A A U—Y — &N aREE IR AT RE
DILDOIUE CDEEICK DD MEAFN (DFC) %
TART KT v THSEBEE. | BUSFISHER
T.mt 58EL—Y—hEHIT . — 5. ZHDE
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FILFEHEES B D ETHFRIZICHERZ DS
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LTWLET (Fig. 1)o

“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 300-500 ym THz
waves'?, and so on. In addition, 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 surface
activated bonding (SAB)'". 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'*-", and
innovation by the compact power laser (Fig. 1).

Fig. 1 TILA consortium toward “Laser Science and
Innovation” by micro solid-state photonics.
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State-of-the-art facilities supporting cutting-edge research HEiEam

*ﬂjﬁﬁﬁ%yﬁ'ﬁﬁﬁ %BEEQ UVSOR Synchrotron Facility
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Photoelectron M 1t
THIETREDEREEANMTONTNET , UVSORENSEHT Mictoscope-wacTaundcd
at beamline BL6U as state-of-

HERHICHISN. ERADIHFS FHFEHSFBEZESZIFTANTLED, the-art instrument to evaluate
the electronic structure

Light is called with various names such as infrared, visible, ultraviolet,
vacuum-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 (DAVAST@1210))

upgrades, it is still the brightest in the world among low energy synchrotron szg;qDthﬁﬁk:r%

light sources. By utilizing its excellent performance, the electronic EERFEXRRHERE

structure that is the origin of the functionalities of solids is directly Scanning Transmission

observed. This facility is called UVSOR and is used by many research- X-ray Microscope utilizing
synchrotron radiation from

ers not only from our country but also from overseas. UVSOR.
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23>/ — Instrument Center
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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 Nanotechnology Platform Program supported
by MEXT.

BEAN SHEETAEVHISRE
High-frequency ESR Spectrometer.
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"

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.
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Research Center for Computational Science
EDEWM—DOD FRZEDFOERTERZMR DD DHEF A
FTY . STEBNFRMRRDFREEIFBEKD. IR DIREFEE
EODFRZEEINAF YA TV ADMAEISHL T KFEETIEART
BEIS IRt B 2RI T CED/ \—RRIBERLAIETOTI S LY TN ER
HUTWVEFT . EL29F 108D SIFERID2Y AT LZEHRE b UTcHIE
SEEMHEEDAPFlopsD [S4BER F=aL—% | DERZRIAL.
KRRIFEST BN R T CEDRIBERHELTVET,

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.
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Development of Apparatus
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Clean Room
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High Performance Molecular Simulator
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*L\fi%@{%ﬁﬁ Our Mission

ERNDHABNDOHERRFR-HEFIRAZEICET 55K

Serving as a core organization for domestic and international collaborations

EA-BHOMRAED D FIRZEAN. EER PSR ZFIAL TV,

DFHFRFFIE UVSOR. BLU SHEMZERF 5 — L OABERZ  [TExFIA] U HEFIBERZ intemational Joint Research

CEIHFIZ1=FA—ORRECLEABLTENTVET . F/e. XY Z ALy Z5H
) \ _ « UVSORZE(FUth. FrAIDES i SE =B Ot
PRy Ny I Zo4o~ Ay UL =(CH R A 15
W5 — Wiy —GEORR L S — REMRECBVT SRR o e O e S e
THETHRZED TTE EEBIC AT EEEHTF EOBFELLEZTBLCVET .5 44445H5(2018.10-2019.9)
(L. ENBEY I —BEUICEMRARIC S DMRERERRUEHS, FIADKEEES  IMS opens up state-of-the-art facilities including
DFFRTE £ DB T 75 REIR ) FINOREE— N — CHEFREGSMAm oo o collaborative and/or joint researches,

R B CVET . $e [ASEETRRE RN T — 2 | ORIEE LT S TR o0 (Ociober 2018 - September 2019)
o Ca I8 . ~Y - = N 5
” TR 8 WA ERIAHREE—5 20105

LIS B1T 3 TR BB OARERIRIC & MR OBE CHRIBA TLET. TN5 ghineiite ke e
DN—ROTPERDEUHARAERIC FEORBICET SRR BORHLE WEwR 2 7
RERBIDDENIFREL T NORREDRREOE R ER THI[H T~ BN 37 127
BIRR (S TSh) 78 92

2 SFHLERHRER (B | fza g =

BV TPLYR) =B EEHE EFREI IR 2 32

IF3>T7UV A 2 66

FfELCLET. UVSORjizsRFIA 186 976

UVSORIEsz#IF (/75 vh) 4 15

Rty s—RAR G/ T59h) 126 317

RERFRFAENERTIA 8 5

RERAZMmRAA G/ T59H) 9 25

STERZRR Y- IR 268 1,048

FRREANL 84 94

a &t 807 2,872

REEEHARERYNT—I DIESE Inter-University Network for Common Utilization of Research Equipments (EQNW)

DFRLREE LKERDHFEED 5 —RyNEBU TR OMRRIBZEERERY
DIcH DI TH D RFEEMARBRY NI —IIC L DRIFEEF A EHERFRDIEE]
FEEOPEERZEIDTVE T . ARYNT (& £EEDKZ P EEZZHIHIS00DHEE

AXZ
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MEMUTHED. 2,3008 U EOMEEHDFIAEREZDS575088 EDEHEICDOVT EX%$ = *1;5 tg;égm BX%
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DOHAFHN-FREVAT LEERLTVET, IR EBADMAEN I —T—-LULTEREIN [C&2ARERIA

. e T YIRS, Y- IR P,
THH. EH10,0004 U EDOFIAEENBDFT . —SPHEFEEHRIDTIEE T . BRI Caifiis B EY WESCRINENE SR
. N o . [COIBETAREOHAE A2HE
KEZBAT D EFLERAEINMTADMARBRERELCLLBMTEREINTVET, A VI~ RN EDRIFHETS

EEBITFIBHOEEBINETS,

*More than 10,000 registered users
*Mutual utilization among national universities (since FY2007) Dx#
*Open for private universities, public institutes, private companies
(more than 300 organizations) KB IT IR R N T — & DA

F5F009—=TS5YRTx— LD FYESTR MEXT Nanotechnology Platform Molecule & Material Synthesis Platform

TRRZAFENSIF O NXBET /T /0I—TSvbTr—LEEE. BEO3DDEERRD TS YT+ — LDEESN, 5 Fifld. 5F-
RITMDARRBEZDERD./ D\DZEE T DHEENRRSELEL T MEGHDORREEEREREZIEL ) D DRERDIE R
ZENSFRBOFLAFHZEHERTEREL. EEXFPHARSHE T 5 FUEMBRIN DI DR ZEREL TLET . ¥ lllld FEEURLIC
MTEEREDERND 7 TO—FZRMH T DELBICEXEEEPEDEH TPOEADETBERIEE L,

MEZHEET DD TY . ARE TS, MBS, ML, 9749

*MEXT Nanotechnology Platform (FY2012-2021)
*IMS as the core representative organization of the Molecule & Material Synthesis Platform
*Open for domestic and international universities, institutes & private companies

[EZ 2] https://nanonet.mext.go.jp/ [{XF#EF] https://mms-platform.com/  [4>F ] https://nanoims.ims.ac.jp/ims/
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{EMAZE TREIRRATAR
Shinshu Univ. Chitose Institute of
W&+ S H—RVDRIREBREUE Science and Technology
B DTS BN F MR S R—23aYy
£E1015 N
JERESCIRTI R AT AR AR
Japan Advanced Institute of
Science and Technology
SR THENCO F- VE SR ZESIE
FUMAZ KBRAZ .
Kyushu Univ. Osaka Univ. %EM’ RS
DT YEER F/Fo/09— National Institute for Materials Science
TSYNTA—Ls SBBEANS ) F K A DRIE~NIMS
| . . DFYPEER TSV TF—L
DFRILHRIAR
Institute for Molecular Science
et e SFHHEEIED T 7 2 TURR
SRR TSR A
_II\_l:gﬁIngsotggte of Science and LEEAS CERTEAY
NAIST + /54 /09 —FS5vRT4—1 Nagoya Univ. Nagoya Institute of Technology
[DFYEESR TSV TF—L1 R2EHBRZEDFYESH TSN —L RBIARAN—bIYTU7VRIREE

F/50./0I—=TS5yRT4—1

DFRHZZEROE U ERFIFR R OIREICE 9 5 ABMERZIEE.
HEFAHBEEL TOMIEMDEH ZIRDTNET

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.

REOFUEBIDEME(LICEIT DIEEREL T UV ASRRFIEZRBLE U,

BAICIE AT O2HEZRITLU D FRIZDBFOMY TUNIVIFRDHEE AR EBDEH ZIEET DI DIIBETVET .
FERIBRZTARFT

1. 3 FRZRFICHBVTREHORFZYIDIR RN EZ [ S8R | LU TRBL RICERTEIREZERELET .

2N FRIZDFICEBVTHRINEIARZITOCLDRERBZIORT A VXV NTHER L. 5 FIR O SeimERB7Z fE o ifFtic
EHNICIDESBZRFELE 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.

DFRERAREERZEDSOERICL O TEET DA —TV1 /R—ravllmEL
EEFOHEMRZRELET

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.

DFRZARFCIE D FRZORRDYIDOZIEP L. PRI BFOEEFZIEFDIMOEHD—DEL T EHDEESHNEEENSDREICIDERET
DA —TA I/ RN—2 3V DRR [ REERREBPI ZR BT D EEWVELEUTC, ARREBPIClE BAICH (T B8/ B — T — 5T K DA/ N—
2aVEHBIEEL EFEERACHABENEDOL—F—RMREARA /N—2a vl [INBERL—T -3V —27 A(TILA: Tiny Integrated
Laser) | ZEm L. FZBE(CER T 2EHMDEESENECREBISEEENDIEH S, S EAEEHAORIEZEELE T,

Division of Research, Innovation and Collaboration has been established in 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 above purpose and is intended for creating new industry-academia joint researches.
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ﬁ??(:fﬂ ‘5*“/"'7—70)*%¥ Constructing a world-wide research network

DFRERFEAIE ERNES FRZEMROPZMR EL CTORBNEREIZRELTVWET,

EEHE R A DO EFRFREDAMBAL International Collaboration Programs

DFRIRREAIFRIFRLIE. 2L OEEFREDRME. SHONEARE  HAEAMREOERIAR(20195FE)  Visiting Foreign Researchers (FY2019)

BOBFAN BLOEBRLRRRBLOWENSHHELS . FBNIC  7XUH USA 2
BONARRE L COREIEE->TEE U, EIstEmEESCH (TR UK 2
RAY  Germany 9
ETBEHIC FRL6FEEIDMBOEFHEERREEZRIIBLTLE J5Z France 10
T CORETR. () HFRERA Vy—rovTTOIS L, (2)HF — BE Koea 20
fE China 10

MEREFRRERTOIS LEORESIEREAEELTY  Zom onee
&Y. YT EEBSUBKOM A E NS E IR EHEL
ERAREERELTLET.

62
&5t Total 115(A)

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
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universities.

FHTEPRAE R E (CE D <3 (10#£58)

International Exchange Agreements (10 organizations)
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France
Ecole Nationale Supérieure de Chimie de Paris

Germany

Freie Universitat Berlin

Finland

University of Oulu

Thailand

National Nanotechnology Center, National Science and Technology Development Agency
China

State Key Laboratory of Physical Chemistry of Solid Surfaces (PCOSS), Xiamen University

Taiwan

Institute of Atomic and Molecular Sciences, Academia Sinica
National Chiao Tung University

Korea

The College of Natural Science, Korea Advanced Institute of Science and Technology (KAIST)
Physical Chemistry Division, Korean Chemical Society
Sungkyunkwan University

BIAD3SH (5#R8) Exchange Programs of SOKENDAI (5 Universities)
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Thailand

Chulalongkorn University / Faculty of Science

Kasetsart University / Faculty of Science

Vidyasirimedhi Institute of Science and Technology (VISTEC)
Malaysia

University of Malaya / Faculty of Science

Korea

University of Science and Technology
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Excellent environment nurtures next generation of molecular scientists

ABER-AZRHENR

KIRAFAIE D FRZICHIFDREIMDIAF = HE T DIETTIIEL ZEDHBEZTV.BHRD S F
MEZEEO TV AMZER T 2 EICHENZANTNET,

FEHAKXFERXE

SOKENDAI The Graduate University for Advanced Studies

DFRIFAAFE BEEMAARZRAZOYIERZEMFACS L
THEED THZEREHED THEERZELEL. /2855
FHREDERICHBBHICMDBATHED . A PEE T/ERE
T DEEEZEHLCVET,

The gtaduate students of the Graduate University for Advanced
Studies (SOKENDAI) take molecular science classes, including
chemical science, physical science, material science, and
bioscience.

AZEPFR TR TEHICIE Admissions

A FRERRFTCEIHICIE RERAKRZ A FZ OYIERETH
FEMBED FRIFEH D U IHED FRIFEBAAZL LI
EKTEITIEDFT,

KXY TICRERICHEEL TV R RZEDH R MEFRIHEBFAMREI LT

DFHCTERTENHERET .

If you wish to study at IMS, you need to apply for admission to
either the Department of Structural Molecular Science or the
Department of Functional Molecular Science of SOKENDAI.

FERUIHRZR RS LR
High quality advising and facilities

SRBR. tARICERAR EffZFS HERFREE
TEDRIE TERERASR

International conferences
and joint researches

Excellent environment
for research

EEN Dl % EERRAFE-TLEY
Jv—FIVDEDbHIR FBEDEERE

Technical and scientific
English education

Extensive library and
online journals

HBAMAKERAREEEX?  About SOKENDAI?

HEETRAZBEAS (KEHA) [FHEAD

63%F(C. EEDAFHEFFAEZ

BEREEEL C UL ERSHE#D

TICRIRE N R B E R I IF VA

BRDHDKREFTY  AEPZHR IR

FEILETICEE FEDHFSTHRE
BEOHEHEFREZTHDILZBELTOBAN V-V Iv T,
PEESF— BRI NID L HEARREC DI —I1EES ZARET
VDD, TR DRI I AR SRR CB 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.

Ilill% %ﬁﬁgqﬁiﬂ Career after graduation

REEESE AR
B Z DAt
Employee/research staff
inprivate companies etc.

95

4% Professors 26

HEBUE Associate Professors 28
S8R Lecturers 5
B2 Assistant Professors 26

RERHIBIEIR TR

Research staff in universities, public institutes 81

2019F128R7E 512615 Total: 261 (updated in December 2019)

R EFARRE

fBDKRZICFIRL CTOSEL BEDREDTS4Z FRIHEFARRE] U TRAN HRES
T2 CVET . 2EDSBE20RIZEDZED T L OO FIHRICHEL. RRICRDEATNEY,

BANKZ(BEE10F) © UEEAR . RBAZ. FHERE. TEAZR  RRAZ RRIEAF.
HRAZ. BMNAZE BEXE. 2EEAR. BNHEAZ. RaELERR. SBEMHMZEAZ.
JEEEEHR PR AR RAZR  REBAZE KRKZE . AR FLUAZ. LEAFE BRAZ.
NMNAKZE REEHILAT. FREAZ

SFREHRA

ZPRCHisE
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Promoting widespread awareness of science in the society HEE03Tmm
XF 4TI L DIERRIE
Public Relations
DFRETF—
Molecular Scieg€e Forum HEE
EHEBLFREREDHET HFH Collaboration with Okazaki City
TH—3SL 7&$4EEHEL,‘CL\$'9*°|§ nh Board
NOZRITARE =R FEERAEBRTERVCEZARER
RISERUHELTE LTHSVHZICHLTOEZF>T
HHDPT L BALTBNTVET HEIEHIC, EICIBTHHRDHERZE
RRELT, FIB3REFROMRFRE B
EFtSS— ERETOTVET,

Knowledge Enhancement Workshop
for Science Teachers

NBIAED. ﬁfﬁﬁbﬂtb\iﬁ’c

RFEZAN
Campus Tour
RS <OAICHI> TIEL e REOZANZ{ToTL)
FIMHREBTREZIUS. RERDAFAEREEBE
LEADAICRZWVIZVTUL
BEEICBBLLEEERUR,

FTONTVBEEICDOV T LL—RDAHX
R RO TV 2T, SEIC1E—RNFHZ
T CVET . NFH Q021 FERMETE) [FRBRE
DRBPHBEREERLIFANYNETVET

BEARIZIAZAYE MIBHL&EMEEE  Common Facilities in Okazaki
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[ BRI S EE
Okazaki Library and Information Center
http:/imww.lib.orion.ac.jp/

I ERREEF. BIF3HRFTORE. Mt
EFNE-BE-REL EEORS. HEFIA
MREENFIRATEEI,

[F75HERE]

BERRET—EX

Web of Science.

SciFinder 2

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.

MBI T 7LV A5 —
Okazaki Conference Center
http://www.orion.ac.jp/occ/

S DOERRH N UERMISRZRD 8D,
HBEDERICETDHEEDIC HREDEE. R
ICHES59TDHCELZBNELIEIERTY . KB
RK—JL208%. hx

EEU2Z.I\REE

(2=)E5020FIA

NTEFT,

The Okazaki Conference Center was founded
in February 1997 for the purposes of hosting
international and domestic academic exchanges,
developments in research and education in
the three Okazaki institutes, as well as the
promotion of social cooperation.

An auditorium (Ohsumi Conference Hall), a middle
room (Conference Room B) and two small rooms
(Conference Room C) with seating capacities of
208,120, and 50, respectively, are available.

WS EFI R R E B AR
Accommodation Facilities for Researchers
http://www.orion.ac.jp/lodge/

HAZERUHFRZEDORZPHEEEDLS
HEFARERZFDOHICEFNDIAFRE DI
DEAKERELVCHBARRAEEAMRK
(=80vy BXsF
OvI)HiBLET .

For visiting researchers from universities and
institutes within Japan and all over the world,
the dormitory called the Mishima Lodge is
available. It takes 10 minutes on foot from
the Myodaiji area to the Mishima Lodge.

On September 2010, the new dormitory called
“Myodaiji lodge”opened at the Myodaiji area.
This dormitory is for long stay.




FRRZEA Campus Map
X

Yamate Campus

)

1EFT

Main Gate

1EF]

B
?

Main Gate

BAASFHERX

Myodaiji Campus

ftiE% Faciliti

OHFZTAE Main Office Bldg.

@ ZEER#E Main Laboratory Bldg.

@ MEEE#E South Laboratory Bldg.
@ETERIZTR Tz —4F Computer Center Bldg.

® HEIRFARARE Joint Research Bldg. A

® HEFAZAREBIR Joint Research Bldg. B

@ LLEFZARCHER Joint Research Bldg. C

® HE)FAZLAREDHR Joint Research Bldg. D

© HEAZRUVSORER Joint Research Bldg. UVSOR
0ZEFF1z>/5—*E Administration Bureau

@) KZEEE Library

@I E=EE Faculty Club & Coop

® TxRJVF—1>/%— Electricity Control Station
EEYETEE Waste Strage

B EfHEZ Guard Station

®IE > TP A1z>/5— Okazaki Conference Center
@ =8B0w Mishima Lodge

@®|L1F 1 SH8EA Yamate No.1 Bldg. A

@115 158EB Yamate No.1 Bldg. B

@|11FF2SHE Yamate No.2 Bldg.

@ | LIF3S4E Yamate No.3 Bldg.

@ |1F 4548 Yamate No.4 Bldg.

@|LIF5=HE Yamate No.5 Bldg.

@ EERBEKALIBEER Waste Disposal and Treatment Facility
@ SEBCEERESR High-Voltage Distribution Facility

@ BARFOvY Myodaiji Lodge

@ |BBPtz>/%—1# NIBB Center of Interuniversity Bio-Backup Project

Sl

East Gate

e =5iX

East Gate Mishima Campus

Hiz m2
2,790
8,857
3,935
2,474
1,527
1,260
1,053
1,063
3,097
2,371
2,002
1,575
1,514

60
131
2,863
4,079
4,674
2,303
8,703
10,757
3,813
664
111
540
1,023
492
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Administration

M Senior Scientific Advisors

NAKAJIMA, Atsushi
Hrvoje Petek

Professor, Keio University
Professor, University of Pittsburgh

B Councillors
KIKUCHI, Noboru

OSAKABE, Nobuyuki

TAKIGAWA, Masashi

MATSUMOTO, Yoshiyasu

MForeign Councillors

Josef Michl
Ching Wan Tang

M Advisory Committee

AKIYOSHI, Kazunari
KANODA, Kazushi
SODEOKA, Mikiko
TANIMURA, Yoshitaka
NAKAI, Hiromi
SHINOKUBO, Hiroshi
HAGA, Masaaki
FUJII, Masaaki
FUKUI, Kenichi
MURAKOSHI, Kei
AKIYAMA, Shuji
1INO, Ryota
ISHIZAKI, Akihito
EHARA, Masahiro
UOZUMI, Yasuhiro
OKAMOTO, Hiromi
KATO, Koichi

KERA, Satoshi
SAITO, Shinji
YAMAMOTO, Hiroshi
YOKOYAMA, Toshihiko

President, Toyota Central R&D Labs ,Inc

Hitachi, Ltd General Manager, Strategy Division, Smart Life Business Management Division,
Chief Executive of Healthcare Business Unit

Professor, Institute for Solid State Physics (ISSP) of The University of Tokyo

Fellow, Toyota Physical and Chemical Research Institute
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From Tokyo

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
min.

From Central Japan International Airport (Centrair)

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).









