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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?
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Core research sites to grow new scientific fields
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We promote frontier research in
the field of Molecular Science.
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Fostering of Young Researchers
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We commit ourselves to educating students and fostering
the next generation of Molecular Scientists.
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Inter-University Research Institute
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We offer open access to researchers from Japan and
abroad to both our facilities and equipment.
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National Institutes of Natural Sciences Department of Theoretical and Computational Molecular Science
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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

AIIS0E4R HFRIFAFRAREIE (BBfM5054H22H) Apr. 1975  Institute for Molecular Science founded (April 22, 1975)
ety —BE (~FHIF3A) Instrument Center established (-March 1997)
KERRERE Equipment Development Center established
FRFIS14E58  (EEEN=ERE (~FHIFE3R) May 1976 Chemical Materials Center established (-March 1997)
RRI52F48 ETFEtBEHE LYY —RE(~TF12F38) Apr. 1977 Computer Center established (-March 2000)
BER Y5 —RE (~TFR9EIR) Low-Temperature Center established (-March 1997)
EF156F48  EISEIIHERZHEERIER (~FR165E3H8) Apr. 1981 Okazaki National Research Institutes (ONRI) founded (-March 2004)
RBMS7HE4H BRI EREREE RS Apr. 1982 UVSOR Facility established
MRFIS9F4H  SEIMEFEERFEERE (~FEM1953A) Apr. 1984 Coordination Chemistry Laboratories established (-March 2007)
FRFI63FE108 HEMBAERAZHZE Oct. 1988 Graduate University of Advanced Studies founded
BRIERRH (~FR 16538, LI School of Mathematical and Physical Science, Department of
YIIERIEIREAD Structural Molecular Science/Department of Functional Molecular
BED FRIFSK EEED FRIFER Science established
EMOF4H « HFHIEHL—T—-RERERREVI—RE Apr. 1997 Laser Research Center for Molecular Science established
(~Fr29438) (-March 2017)
PFYERRAA LYY —RE(~TFR1453R) Research Center for Molecular Materials established (-March 2002)
TRi125F4H HEARRREE (RBRE/N\A A1 IVX Apr. 2000 Research facilities (Okazaki Institute for Integrative Bioscience
t/9 (~Fm30E3R). STERIFAR Y5 —) (-March 2018) and Research Center for Computational Science) established
E14FEAR  DFRT—IF /AT R I I—RE Apr. 2002 Research Center for Molecular-scale Nanoscience

(~Fr25%¢3H) established
TH16FE4E AZHEFIREEEANBAREHITERIER Apr.

2004 National Institutes of Natural Sciences founded as one of the four
Inter-University Research Institute Corporations

=

TRU19F4R  AMRHEBICHABEER sty —BRE  Apr

2007 7 Departments reorganized to 4 Departments
Instrument Center re-established

=

FRI25F4R  BHEDFIATLAREYY—RE Apr.
TR29F4H  AVRIEVIFHAIRR Y Y —RE Apr.
TRB0F4R EmAIRR Yy — (BARZMERE) RE Apr.

2013 Research Center of Integrative Molecular Systems established

=

2017 Center for Mesoscopic Sciences established

=

2018 Exploratory Research Center on Life and Living Systems established

=

AE-F& Personnel and Budget
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[ = — 1 A # B 1150087  RIPWREHRELS 386,152
WMEEEH — 12(10) 9(6) = 27 48(16) —  48(16) EEBEHRREE 2719,960 HERR(REEENSDZAZZD) 32,374
MAMEE — 4 2 1 15 22 = 22 it & B 0 !ﬁm&&ﬂ@ﬁﬁﬁﬁ%ﬁi&%%(%um)) 569,822
o = PN = - R ES O 701,170
fﬂu :% | — — - - = 33 33 = 5 ?;:fg;) ;ﬁ;ﬂﬁ% 20t 114,958
& & 1 16(10) 11(6) 1 42 71(16) 33 104(16) iz et 1,385,950
* OMIFEERUREOEFTHY, * EEABERURBAHERRERICED, a5t e
¥ ABEFRERICZT. == gl
| FEERREEICST, HMEREEST,

SRFEFXNUBRRBEZS0 . HBIRRERZR

Staff (as of April, 2019) Budget (FY 2018) (Thousand yen) Grants-in-Aid (FY 2018) (Thousand yen)
Director General 1 Personnel 1,159,087 Grant-in-Aid Scientific Research(KAKENHI, MEXT and JSPS)** 386,152
Professors 16(10) Joint Research 32,374
Associate Professors 11(6) Research 2,719,960 CREST, PRESTO, others(JST)** 569,822
Senior Reseacher 1

- Special Coordination Funds for 701,170
Assistant Professors 42 Facility 0 Promoting Science and Technology from MEXT*** ’
Technical Staff 33 Others™** 114,958
Total 10416) 1O ST Total 1,804,476

* 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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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 Assistant Professor,
Nagoya University

1998 Associate Professor,
Nagoya University

2005 Professor, Institute for
Molecular Science

2006 Professor, The Graduate

University for Advanced
Studies

{Keywords)

Spatiotemporal
Dynamics,

Reactions,

Functions
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Theoretical Studies on Dynamics in
Many-Body Molecular Systems
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LR (109%8) EWSIER ISRV 7 —)L D5 F
RED'S. ¥ 707 (108 HhSIUH(10°8) ZL
TESIGEVRER T —ILD 73 FOEFRFEE)®
& INOBDBERENFELER T . CNSDESFIL
VAR T —)UICO e TWVVBTEIT TR EENDZER
AT =IVBENZNELOTHED. UNEIERICHEIC
BHEODTVX T ESICUEEYPENICKDERD
BRABOAELEILLE T . CDOKSIFEHITER KD,
DFESHRELCOBEFHER FE(ELTVE T &Te.
ZDRIFREEEDHR T FLIFEZRIGEETL.
ZTNSDFERELV T MEDRRIFPECT VINTED
BREICDIENIDE T . FKe. INE TR ERICH LD
FHOEFNETFEELTOYELRIDHRENSNT
WVElCTEFTBATURC U U RERDERICKD. —D
D FDBEZ L PRIDEEH T DT EBAREICIED
TEFU. T ORER EFHTISNRDE VP RIG
(CFRESNIEVEHEHFBEESNCE O TEX U,
WEFRENFPEFNRACE I RBDEREE-
BT AZRRE T DEEBIC. YZab—2aV R EL
DT OEEZRFNT DEICKD MEDHEE LY ID
BEOBBEDNEDRIICEHHEINDDH K ALZERIG
DEDKIISETI DDDVFEZIE R - STERIFHICHZR
LCW&EY,

Scheme of enzymatic reaction. Reactions rapidly take
place through 'conformational excited states' on a two-
dimensional surface expressed by fast and slow variables.
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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
biomolecular systems, 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 single-
molecule level are described by non-Poisson
processes. In addition to these examples, it has
been 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. Now, we are
theoretically and computationally investigating
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 water in terms of low- (blue) and
high- (red) density local structures. Thermodynamic and
dynamic anomalies of water arise from the fluctuation
between the local structures.

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

2005F ABRAZFE T ERIGFA
BEARRIERIZEZE, 20106 AR
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THREET. B (TH).
2010F B iHREIR 5
Wz E (PD). 2011 L%
HRFAERER R SRR
B.2013FRRAFEKRER
T RREIBIZ. 20156
RRAFRERTFRAR
BIBENZ#R T. 2019548
KDIFE 201 7TEERI TR
ERE S TSR EFTTE.
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
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Theoretical Studies on Novel Physical Properties Arising
from Many-Body Interaction

BEFRDHRLEEINEYHRF. BFPEFIRE D
BFCTHDTA/VEVOIRA S RMEEDETFH
FHEEERICKOTELTVERT HEDTIL—T
TREFIVLIZPOZIRX-AEVROZIZEVDSE
WARICHE/UDL F/RT—ILTOHEHEETRIL
F—ERDOFERAZREVCIBDEFRPE—IR
BHEZHIEDELMAFEORFE L. KRR
=T EERICEEUCHRRRZEDTVET,

F /AT —VOREICEAU T GEERPAEY
PEHEEERICEBLTVLI T EEMRE. BE
AEVECEEFHEEFERALGERIEREIFEN
DEHNEEFSHRREEZT M T HRRTI ALY
PEREEAIF REV ZEHolc BFHEANEHE
BHZEITHETELHERBNLEHRT. AEY
MREDAMZBEP T LIEDTT MZE(FELIT,
KELOF /EECRED FICBIIDHFRROT
BEMZEROTVET,

IXRIVF—BHRICDVWTIE FICEFTI7/VHEE
ERICEB LB ZED TOR T AR FIREIDEF.
T# ./ EBFOEEERE ESUER. AEVRDL'S
BInECEDT CERYEDIAICHESONDRD
BEANGHBEERO—DCTIN HEERBEDR
BEDOIEETESOFIEAIIEDTIL—TTIF
BENEHERICEDLE—REFEZIDALE
BF 74/ VHEFRAOREBRSEZRELC. S
KEDKECRNDEF T4/ VHEERDY I F I
ZIRADIEP . EF I/ VHBEFRAICHRKT D
BN DEBRICEDHATVE T,
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1) Emi Minamitani, Noriyuki Tsukahara, Daisuke
Matsunaka, Yousoo Kim, Noriaki Takagi, Maki Kawai,
“Symmetry-driven novel Kondo effect in a molecule”, Phys.
Rev. Lett., 109 (2012) 086602.

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

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

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

For magnetism in nanostructure, we are interested
in the Kondo effect and spin-orbit interaction. The
Kondo effect arises from the interaction between the
localized spin and conduction electrons, which forms
a characteristic many-body state so called the Kondo
singlet state. The spin-orbit interaction originating
from non-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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TEL: 0564-55-7310

FAX: 0564-53-4660

mail: ishizaki@ims.ac.jp

2008 D.Sc. Kyoto University

2006 JSPS Research Fellow,
Kyoto University

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

2010 Postdoctoral Fellow,
Lawrence Berkeley
National Laboratory

2012 Research Associate
Professor, Institute for
Molecular Science

2013 Fellow 2012-2013,
Wissenschaftskolleg
zu Berlin

2016 Professor, Institute for
Molecular Science

{Keywords)

Quantum Dynamics,

Energy/Charge Transfer,

Photosynthetic
Light Harvesting
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Theoretical Studies of Quantum Dynamics in

Condensed Phase Molecular Systems

BLDEFHRRFEFMRITOEE.RDETS,
WHIEDEFREMBEIMILREEREI LI TE
FEABICASHDOHNFREEMTDIIET. EEIC
STHHRESIN, EECFEFEDTERICRIFEND
— BRI FRICBVTEEFEDHRIERRD/N
SUAMEREST A FZIRDREICKE TR EZR(E
LiS2IcH L BEHED X ICEUDIESEPERICE
SNEDSEFNIREEDLITHEZERITDDN
ZEAIT LI ERFRELLEDITT,

ZTDXRIFEFIRIRRDI|WELFHIEL T BN
RIE10FIFEMDEA TV DX EREEREICHITD
BF IR —BEOERDHBENSDET S
& EVSYIB I RILF—Z/EHFI AT EE(E
FIRIF—ICERT DD TFBIECTHD FEOERMZ
BUTHIR EDETOEREB ZHIFLTVET,
EFEBETREIRILF-—DBERADNSEEETIN
IXIF—BERBEICRZDEIRELL TS
HEDLHEIZRO AN FHRFOMBREFRLE
HENTVNET . ABBHDBEDTFVEEICIE. FHES
NEAIRIVF-BERDFOEFRHEIRIV
F—EEDEFF100% DEFIIRECTRIGHDYT VI
ENEXSN—EDEFBERINERELFIH LK
IFYBEBICHDEDS., KB AB TN D FEE
EESEDRICHDENSEFIMEIRILF—FED
KICUTRBHADNRFICHESF—EMNICUD
BEIXRILF—ERICALSNDDTLLOIN?

Bl BEEL— Y — NS EDREBRARE 2
([SEEUENS, ETFRUEREHFIER - IR ZIN
BERZEME T D E THERPIRBRIEICBITS IR
IVF—EE P TRIVF—EIRBRELEDEREEDF
RICBIFDEFHHFRROEFAICIDIBATNE Y,
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1) A. Ishizaki & G. R. Fleming, “Unified treatment of quantum
coherent and incoherent hopping dynamics in electronic energy
transfer,” J. Chem. Phys. 130, 234111 (2009); (10 pages).

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

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

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

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

Our group is investigating quantum dynamical
phenomena in condensed phase molecular systems
such as energy transport and conversion processes in
photosynthetic systems through the use of quantum
dissipative theories and nonlinear optical response
theories in close collaboration with experimental
researchers of optical spectroscopy.

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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Fundamental Chemistry of Complex Systems
using Advanced Electronic Structure Theories
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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-Cl 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- (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. ltoh, “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) EIEE— “Fi-ATPase DHEERIEERND Y L F AT — LISHEHT:
UVEBBNSYY T 1y NEED# S - 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 Fy. 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 ?.

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).
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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.

5) “All-optical control and visualization of ultrafast
two-dimensional atomic motions in a single crystal of
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).
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HHEOHREEUVIESEITENBEZ TIIHDEFEAT
UTeo BFE L S0 LEAMID AL . SRR EAE S RN
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1) N. Ueno, S. Kera, “Electron spectroscopy of functional
organic thin films: Deep insights into valence electronic
structure in relation to charge transport property”, Prog.
Surf. Sci. 83, 490-557 (2008).

2) 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).

3) F. Bussolotti, S. Kera, N. Ueno, “Potassium doping of single
crystalline pentacene thin film”, Phys. Rev. B 86, 155120-1-9 (2012).
4) 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).

5) 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).

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 would be 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 would be
on 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 gap-state DOS, weak
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 would
be very important because the interface state of
physisorbed system is described to be a delocalized
molecular orbital state depending on the strength of
weak electronic coupling (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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RIRCEFT AHEFL—T—EHENDEIMTY .
UVSORTIFZEMPEECEBNcHIREEHRET
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BAUL—Y— =8B EREEDIET. TIANLY
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SEDILET. IRIF—TE RATE. 852/ JVAD
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IFENDIRFERDREZ R DB PIFIDFECHMIN
LEFEUIz,
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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 about 30
years ago, 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 beam injection technique.
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 revealed that an electron in circular motion
radiates strange photons called optical vortices, which
possesses spiral phase structure and carrying orbital
angular momentum. We have started 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.

SER

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) M. Katoh, M. Fujimoto, N. S. Mirian, T. Konomi, Y. Taira,
T. Kaneyasu, M.Hosaka, N.Yamamoto, A.Mochihashi, Y. Takashima,
K. Kuroda, A. Miyamoto, K. Miyamoto, S. Sasaki, “Helical Phase
Structure of Radiation from an Electron in Circular Motion”,
Scientific Reports 7, 6130 (2017)
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1) K. Tanaka, W.S. Lee, D.H. Lu, A. Fujimori, T. Fuijii, 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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1) “Operando Observation of Sulfur Species Poisoning
Polymer Electrolyte Fuel Cell Studied by Near Ambient
Pressure Hard X-ray Photoelectron Spectroscopy” L. Yu,
Y.Takagi, T.Nakamura, T.Sakata, T.Uruga, M.Tada, Y. Iwasawa,
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 fast time resolved x-ray
absorption fine structure (XAFS) measurements of
short-lived photoexcited states in photocatalysts
in order to understand detailed mechanisms
of photocatalytic reactions such as water
photodecomposition to yield hydrogen and to
improve their functionalities and efficiencies. Time
resolving power is <100 ps using the laser-pump and
SR-probe method. Recently, we successfully
determined the quantitative local structure for the
photoexcited polaron state of a visible-light active
photocatalyst of tungsten(VI) oxide.

Ambient pressure hard x-ray photoelectron spectroscopic
system. (a) Apparatus installed at SPring-8 Beamline 36XU.
(b) Front corn with a 30-pm 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) Hydrogen pressure dependent Pd 3ds, HAXPES of
Pd black. An abrupt change is found at ~3 kPa due to the
transformation between metallic Pd and Pd hydride states.
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Unique Structures, Physicochemical Properties and
Quantum Dynamics of Molecular Aggregates at Solid Surfaces
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1) K. Shirai, G. Fazio, T. Sugimoto et al., Water-assisted
hole trapping at highly curved surface of nano-TiO,
photocatalyst, J. Am. Chem. Soc. 140, 1415 (2018).

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

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

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

By using state-of-the-art molecular spectroscopy
in combination with sophisticated surface scientific
techniques, we have elucidated unique structures,
physical properties, chemical functions, and
quantum dynamics of hydrogen, water molecules
and their assemblies at surfaces/interfaces of
solid materials'®. In addition, we are challenging
to develop innovative microspectroscopy with
atomic resolution for directly observing the local
structure of protons in the unique hydrogen-bond
network of water molecular aggregates at solid
surfaces/interfaces.

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)4. 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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NMRTEAIT 2REMEE/ERICIF. BRSO 20
FORNABEZZE(LSBIZE[EADERADB IV FE
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8. CNSOANEREE B A EH B DREBRZET Y
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ENEJBET T,

INE T D FOIUKEEREICENSAERIR TR
BEBERAIE A DRIEN S RO R AERE R
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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-f
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. Iwata, K. Nishimura, and
E. Yashima, Angew. Chem. Int. Ed. 56, 791-795 (2017).
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Materials Science for Creation
of Novel Electrochemical Devices
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—MREVC A F Y DEER S ERDDARNITIER
EULT B KES BN TS (BR)HEHD. 11
TEERA 7 VHEREHS  DBEOAEIEH [FEHE
AFVBEIGELTVWET Ffc H (& TREHAD
SRR EN TV DML RREE DEELZETEI
(E° =-2.25V vs. SHE)ZB I DI ENS HZER
BEICFHAL H OBLETEMNZENUICEE -5
BERGEBEIDIENTENL . FEIRIVF—EBE
WESNBDEHFCTEXRT K IlDAFTHD
BOH DSHANDZEBFRIND A RERE—D 1 F >
THDRLIHMEZRITICHATESAREEDHDET
R BLDMRT IV —TTIF H-EO HHERETFH
([CHET DEAKREPEVIYER ZNRICYEREK
ZTVWHEBHOEREHREEUTHET 235ME
LasxySrysyLiH154yOsy A TFLSLHO) DBAFEICHIHL
FUIc. EBIC LSLHOZEFEREICAWVLSIET
H7Z2 BB LT 2B MR M Z HFRICEREIFTREN
2L HBEZFRAUCEIEE T/ A ADFEFETREE
ZERURUICRALIE COMRBRZERIC. HDHER
WNZZECTHIET DH B4V EERFEDFTYE
DRFEPHBEZERUCHHET A ADHFE =S
BOERABFICH OA FV BEMBEORBLTE H-
BEKICHT PR ZRET DM TOERT,
SEXR
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 worldwide. 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 develop a novel battery system utilizing both
the H- conduction phenomenon and the H/H, redox
reaction.

Crystal structures of LazxySruyLiH1x+yOsy (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, |. 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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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?:®-4-:% and rotary
motors® 89, Especially, we focus on new molecular
motors such as chitinase?-*4, 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®: 1412,

3. Investigate functions and structures of

biomolecular machines: Our study is based on

state-of-the-art single-molecule techniques!® 14 19.16),
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
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toward Ideal Chemical Processes
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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.
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Design, Synthesis, and Functionalization of Chiral Molecules
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ISHEBEDRIEZESHEL T HAMRZEED TVE T,

WIEBRINTTICBERDKRBEEHSEMIZE
I2FIILDFREDORFEICHILE U, COF5)
DFF EHSDIVTAAXA—23VD535.0ED0D
WEODIVIFA—=23VDHEEDT T EBIC.ID
FIIDFDFIIVIFNDFMIGT D0 FIEARR
EUTHBET DT EZRH UK UTe. CORERIF ETFH
SHA DD FEZE T HERDEED. D FEIHE
BEOAIFIILAFICEIDEENICKRIRETEDIE
ZEREULTVET,

WeBR FIIDFET Y1 UL RV RNE
SMEL T RIS mTRE M 2 D Ie 5 )L F DRIRLICHE
HBUTOWET MRAEENFEZAVC. EGBLIEDF
DRANDIRDEVERFEBL. D FIHFEOHEEZRH
JIET HIISHREZER T 2+ S IVMEZRIDELT
WEVWEEZTVET,

SEXH

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

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

3)N. Momiyama, K. Funayama, H. Noda, M. Yamanaka,
N. Akasaka, S. Ishida, T. wamoto, M. Terada, “Hydrogen
Bonds-Enabled Design of a C;-Symmetric Chiral Bronsted
Acid Catalyst,” ACS Catal. 6, 949-956 (2016).

4) N. Momiyama, T. Narumi, M. Terada, “Design of a Bronsted
Acid with Two Different Acidic Sites: Synthesis and Application
of Aryl Phosphinic Acid-Phosphoric Acid as a Brensted Acid

"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

Catalyst,” Chem. Commun. 51, 16976-16979 (2015).

5) N. Momiyama, T. Konno, Y. Furiya, T. lwamoto, M. Terada,
“Design of Chiral Bis-phosphoric Acid Catalyst Derived
from (R)-3,3’-Di(2-hydroxy-3-arylphenyl) binaphthol:
Catalytic Enantioselective Diels-Alder Reaction of a,B-
UnsaturatedAldehydes with Amidodienes,” J. Am. Chem.
Soc. 133, 19294-19297 (2011).

6) N. Momiyama, M. W. Kanan, D. R. Liu, “Synthesis of
Acyclic a,B-Unsaturated Ketones via Pd(ll)-Catalyzed
Intermolecular Reaction of Alkynamides and Alkenes,”
J. Am. Chem. Soc. 129, 2230-2231 (2007).

7) N. Momiyama, H. Yamamoto, “Bronsted Acid Catalysis
of Achiral Enamine for Regio- and Enantioselective Nitroso
Aldol Synthesis,” J. Am. Chem. Soc. 127, 1080-1081 (2005).
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Creation of Novel Photonic-Electronic-Magnetic Functions
Based on Molecules with Open-Shell Electronic Structures
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BEZELCVE T — A TS IAILEFENZEFEIE
DEFZEI DD FIIHBRBEBFEEZE L. BLEHF
[CIEofebRICIESTeb & BRR B FIBE CIERIRN
EE L2 - MM E ERIRUE I A B DA
JIV—TTR.FIAIPOEE-BEREGYETHD
EREHSERRETFIBEZER I HLLDFIEE
EEBUL.CNETICREVWIZ— I &EERBIHT D
CEZEBEL MAZEDTVET,

WIeBRSINIVHRT RAFECEBLTVLET,
RAMEDD FOIERELEOTMHRERLT ) 1 D
YMBEEUTRAITIHFTSINTVS—AT. SIYAIVIGFH
LIELWIE LU TEZ SN, ZOFRHFIE(SRBAIRIAZ
PEEIEOTVE U, COFRFERMBEZLIDIRIRL,
WeBIIDFOBEEENICT IV L BUWMEERE
MEEITDEXMESIAHILPYBTMZERRELE L.
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EEHEAERLICERL. [HRETFRIESTIRIOEF
DIREELDY, EDOKSIFFLL IR ZEEH T DHV? ]
ERANTVWET RIETIE. STHILOREALEBHISIC
FOTARELE LT B LEEF T THRELF U,
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Z Dt BRRE T REE A E— Rt - ZRTTHYICHRARY
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SEXGR

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, 1271112715 (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, 11845-11848 (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.

(@) 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
Cation+++Anion 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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INOBOEEHERRERRE. SLUHERNERERE
A FVDEEHHER O FHIBHIAZBNEUTHR
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SER

1) “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).

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

3) “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).

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).

4) “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).

5) “Heme-binding properties of HupD functioning as a
substrate-binding protein in a heme-uptake ABC-transporter
system in Listeria monocytogenes,” Y. Okamoto, H.Sawai,
M. Ogura, T. Uchida, K. Ishimori, T. Hayashi, S. Aono, Bull.
Chem. Soc. Jpn. 87, 1140-1146 (2014).

6) “The Dos family of globin-related sensors using PAS
domains to accommodate haem acting as the active site
for sensing external signals,” S. Aono, Adv. Microbial Physiol.
63, 273-327 (2013).
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Dynamical Ordering of Biomolecular Systems

for Creation of Integrated Functions

EMRKOFER VAT LZBH T 2EHDN T
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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

SE

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

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

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

4) Kato, K. and Satoh, T., “Structural insights on the dynamics
of proteasome formation,” Biophys. Rev., 10, 597-604 (2018).

5) Kato, K., Yanaka, S. and Yagi, H., “Technical basis for nuclear
magnetic resonance approach for glycoproteins,” Experimental
Approaches of NMR Spectroscopy (The Nuclear Magnetic
Resonance Society of Japan ed.), Springer Nature Singapore,
pp.415-438 (2018).

6) Matsuzaki, K., Kato, K. and Yanagisawa, K., “Ganglioside-
mediated assembly of amyloid B-protein: Roles in Alzheimer's
disease,” Prog. Mol. Biol. Transl. Sci., 156, 413-434 (2018).
7) lkeya, T., Ban, D., Lee, D., lto, Y., Kato, K. and Griesinger, C.,
“Solution NMR views of dynamical ordering of
biomacromolecules,” Biochim. Biophys. Acta —General
Subjects, 1862, 287-306 (2018).
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A Supramolecular Chemical Approach
to the Construction of Artificial Cells
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1)L. Sheng and K. Kurihara, "Transformation of oil

droplets into giant vesicles," Chem. Commun.52,

7786-7789 (2016).

2) RRIEH ‘D FHEOIATHEN SEMZEEZD" Z=T
Bhss 88 (2016).

3) K. Kurihara, Y. Okura, M. Matsuo, T. Toyota, K. Suzuki

and T. Sugawara, "A recursive vesicle-based model

protocell with a primitive model cell cycle" Nature

Commun., 6, 8352 (2015).

4) Kurihara K., Tamura M., Shohda K., Toyota T., Suzuki

K. & Sugawara T. Self-reproduction of supramolecular

giant vesicles combined with the amplification of

encapsulated DNA. Nature Chem. 3, 775-781 (2011).

Exploring the boundary between living and non-living
matter is one of the most challenging problems for
contemporary scientists. To understand the cell,
which is considered the smallest unit of life, a
plausible strategy is to synthesize an artificial cell
by using a supramolecular chemical approach,
because simple molecular assemblies at one time
evolved to create the simple cell on prebiotic earth.
As shown in figure below, the key elements of a cell are
the compartment, information, and a catalyst (i.e.,
metabolism). We have attempted to construct a
chemically based artificial cell endowed with these
three elements.

In our laboratory, we attempted to construct two
artificial cells by using giant vesicles (GVs) as the
compartment. One, developed in collaboration with
the Sugawara group (Kanagawa Univ.), is an artificial
cell that can proliferate from generation to generation.
Now, we have constructed a recursive vesicular
artificial cell system with proliferation cycles. By using
the vesicular transport system, the second generation
GVs, which contain no PCR reagents after
self-reproduction, can be replenished by fusing them
with conveyer GVs bearing the PCR reagents by
changing the pH of the dispersion. After the PCR
reagents are replenished, the GV can self-reproduce
again. This system could lead to an evolvable artificial
cellular system. The other artificial cell contains a
catalyst-producing system. The GV system can
generate catalysts and membrane molecules by
transforming their respective precursors, thereby
facilitating the proliferation of the GVs with the
produced catalyst.

We are now tackling the creation of artificial cells
that mimic cellular dynamics, such as cytoskeleton
formation, protein production in the cell.

Artificial cells generate new artificial cells adapted to the
environment.
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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) B &7, "R ST RIEE 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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WEEED F AT LBIRIRZRERPI Functional Molecular Systems
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Open up Future Electronics by Organic Molecules

HULLWILIMOZIZADEBVWFELTTEFIE
BZEEHTVT T B THIFSNBNS VIR EL
CTHREBAICHAEASINTUVEDEKNS YIRS
(Organic Field Effect Transistor = OFET) >,
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TP3E LICERRERSBRRNRRISET O T,
HERAZEBPBIGEICAAvF (HBEB) 82
ENHERT T RLIFHFRTHOHT. IS LIEEERE
ZOFETSHREICSWVWTHRAT DI EICHIIL. T/NA
ADRAyF VI HREZERENICH LSBT EICH
WURUfc. FTeRiblS BB DON/OFFZJETHil
HULED  EHDOMRCBICEGZ B ZHIELIEDT D
TINA ZDBEELZERLTVET . DKIETINA
AlFFFREFIVEL—F—DHRTEDODNDHHEME
D& 3ED. ZOEFRAZFARICANDIEICKD
T ERKEDD>TIEVWCEDEZ WV @RIEREEFREBIGE
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1) H. M. Yamamoto, M. Suda, and Y. Kawasugi “Organic
phase-transition transistor with strongly correlated
electrons” Jpn. J. Appl. Phys., 57, 03EA02 (2018).

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 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.

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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T ENSZRICI VI OB FEtE ETT YA
U ZEDT YA IVUIeE VINOBRFHRRCEDLIIC
IRDESDHZENFERERICIOTHARDEWNSTT
O—F CHRZEITOCTVET,

TES[77 =/ BESIF ED R DIFRERICKDITDT e
HEDEBETREL TLDDH? |V SEREICEDEA
TEXRUc. COREDRIASNNE. 7=/ BRESICE
DVWTRD IO B EE TR D ED K ED
WIS BHDOWRREFIR I DIIMEBISI DI fc 87 S/
BECS 7 BTEICT A VI DT EBTRECIEDTR T .IN
FCTORRICBNT. 7= /EEREHIDFRE VNS KDE.
AanNUYIR BRARSVRIV—TDREPRIREV DT
FHBEDSRBEDREICERCHHILZFHR L.
INSDORRZERICHYVINOET YA Uil EFE T D
CETHRLFTVINTEBEDT YA VICHEILELE,
SEEE.COTYA UEIMZERRSEDIET . EHD
WREEIF DY VIO EZT YA V9 iDL ZBiE
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1) Sarel J. Fleishman, Andrew Leaver-Fay, Jacob E.
Corn, Eva-Maria Strauch, Sagar D. Khare, Nobuyasu
Koga, Justin Ashworth, Paul Murphy, Florian Richter,
Gordon Lemmon, Jens Meiler, and David Baker,
RosettaScripts: A Scripting Language Interface to the
Rosetta Macromolecular Modeling Suite, PLoS ONE 6(6),
1-10 (2011).

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

2) 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).

3) 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 MsoLeo
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 Ma4lL4s
Polyhedra and Their Sharp Structural Switch upon Subtle
Ligand Variation” Science 328, 1144-1147(2010).

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

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

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

5) D. Fujita, Y. Ueda, S. Sato, N. Mizuno, T. Kumasaka,
M. Fuijita, “Self-Assembly of Tetravalent Goldberg Polyhedra
from 144 Small Components” Nature 540, 563-566 (2016).
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Micro Solid-State Photonics
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Fig. 1 The concept of micro solid-state photonics
as micro-domain controlled materials/devices.
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“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. High-brightness
nature of these lasers has allowed efficient
wavelength extension by nonlinear frequency
conversion, UV to THz wave generation. Moreover,
the quasi phase matching (QPM) is an attractive
technique for compensating phase velocity
dispersion in frequency conversion. The future may
herald new photonics.

Giant pulse > 10 MW was obtained in 1064nm
microchip lasers using micro-domain controlled
materials. The world first laser ignited gasoline engine
vehicle, giant-pulse UV (355 nm, 266 nm) and
efficient VUV (118 nm) pulse generations have been
successfully demonstrated. Also, few cycle mid-IR
pulses for atto-second pulses are demonstrated by
LA-PPMgLN. We have developed new theoretical
models for the microdomain control of anisotropic

laser ceramics.

Fig. 2 Pulse width gap region of giant pulse lasers.

Fig. 3 Extended wavelength by giant micro-photonics.

< http://www.bbc.co.uk/news/science-environment-1316
0950>,

6) H. Ishizuki and T. Taira, “Half-joule output optical-
parametric oscillation by using 10-mm-thick periodically poled
Mg-doped congruent LiNbOs,” Opt. Express vol. 20, no.18,
pp. 20002-20010 (2012).

7) M. Miyazaki, J. Saikawa, H. Ishizuki, T. Taira, and M. Fujii,
Phys. Chem. Chem. Phys. 11, pp. 6098-6106 (2009).

8) S. Hayashi, K. Nawata, T. Taira, J. Shikata, K. Kawase,
and H. Minamide, “Ultrabright continuously tunable
terahertz-wave generation at room temperature,” Scientific
Reports 4:5045 (2014). DOI: 10. 1038 / srep 05045.

9) T. Taira, T. Y. Fan, and G. Huber, “ Introduction to the Issue
of Solid-State Lasers” IEEE J. Sel. Top. Quantum Electron.
21, 0200303 (2015).
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*ﬂjﬁﬁ‘ﬁ%ﬁﬁ'ﬁﬁﬁ %BEEQ UVSOR Synchrotron Facility

Feld. ZDRRICR DT FRIMR, FIFRIEHR, SRIVR. ARIRERIMR . XK, &
BRAIERA CTHENE T . CORLIFRRE DN ZE—EICHITIED
TEPEEDVIOMIVHRTY cmIRILF—DEFE—Lh S
BHRTHRI SO0V KIF S5 HRRIFICEVCEEETHE
@i EL D FRZZIRDIBLVEDE CRATN TLET . 0F
BIPRPr OMIR RN IR R 1983F (CRR @ Zinth e > >0
ROVHIRTIH EED DIRZERE T IRE CH A RRERIRD STRIR:
TIONIVYRICEDRIXIVF—D 70OV KRELVTHARS
KEDSHER 7250 CTVET . TDIFIEENL C B DIEEI DR
THHEFIREOEEEANTODNTLE T UVSOREWLWSET
NS, ERDHFS FHFEHOSHIAEZERITANTVE Y,

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
upgrades, it is still the brightest in the world among low energy synchrotron
light sources. By utilizing its excellent performance, the electronic
structure that is the origin of the functionalities of solids is directly
observed. This facility is called UVSOR and is used by many research-
ers not only from our country but also from overseas.

=]

23>/~ — Instrument Center
Bty - FRI—IF I/ VA TIVR YT —ENFhlEHL—
Y—BRAR Y —DONRESRZEREL C. TR19F4AITHT(CH
BUEUIc. B Y5 —CTOEIcDNAKSEIIILFHXDONMR &
BOMERE. ARXREFRE. A etn tRkE. AXFHXD
ESR. SQUIDMEREt. X#REHTRE (¥R, BiE&R) O RRITZELIW
L—Y—YR T L BADNEE BN TRE RN KRB FETT
Tl RFEHERRRIFER YT — I BEREHEL FEFEBE DX
WV, EBFIADO TN -REWebY AT LAZRE L. EERTENAREED
HEFRZEXEUCWET . ER2TEENSIET/ TSvhT+— L
EDRE SN EERFIRICKDHARBERICINZ T BIMRZEED
TELDEmEERDFIATRELEOTVET,

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.

CCDEERXIRARTET

CCD X-ray Diffractometer.

H[GIRI - [R5 2 X & 2 B e SV O IF 5L Ex i

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

igaicEd |

UVSORIiE%

UVSOR®D
20RO %R L\TL
EEEBXIRIRMEE
Scanning Transmission
X-ray-Microscope- utilizing
synchrotron radiation from
UVSOR.

BEAN SHEETAEVHISRE
High-frequency ESR Spectrometer.




ﬁlﬁﬁﬁ%g Equipment Development Center
BERFEE Cl&. 0 FRIZMRICHEFIRCITRERREDORUE-FHRE

FoCVET . TLO/NOZ IR MBI T IxEDRBEEL.

BRI HEEEE I ARIMEDEREN TV i3 FRIER=)

DS FTAN DA E EBZISEHEL. BEINZMRZORET S

BRABRBEEOHAZFHIITEIUIROD FRZEMRZ

KA BDICHIC, KOFTERFEATD BRI CORBBHI DA TUNE T,

B A U TN TP F RS T1FCRI S BB =R,

FMiDERICHEHTVET .

e

Equipment development center provides technical services to support
advanced molecular sciences with new equipments. Machining,
electronics, micro-patterning, and 3D-printing facilities are maintained
by skilled technical staffs who help researchers design and fabricate
state-of-the-art equipment.

=) NI g0 45~ —

STERFRFR TS

Research Center for Computational Science
D EM—DOD FRZEDFOERTERZR R DD DHEF A
HTY, STENFRMRRDFREEIFBEKD. IR DREFREE
EODFRZEE/NAF YA TV ADMAEISHL T KFEETIEART
BEISARMEST EZRITCED/ \—NRIEERAETOT S LY TR
HUTWLEFT . ER29F10BDSIHERID2Y AT LZEHE b U IE
SEEMHEENDAPFlopsD [S4BER F =2l —% | DERZRIAL.
KRS BN R T CEDRIBERHELTVLET,

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.

igaiEd |

ttmERs

Development of Apparatus

U= )b—L

Clean Room

BT

Electronic-Circuit

=
5

SEEAWiE

K
|

BN FUSaL—>
High Performance Molecular Simulator
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Foum ISR Z HEE T DRLREESR

Founding the research cores in advanced molecular science

DFRRRAFRE AR PHAESES L. RLETOI I HUED TVET,

F/575/09—=T5yhT#— LR (H24-H33)

K>/ TORFNEEGRRLROEM (REDOEEFA. B
hSOEZFIARRCHII)

DFHORERMEE. SE DI L&

RANRIERFES[ TRILF—DFRFRIEEH.
RGBT, FIRDFREERINTORFE] (H26-H31)

BRI BRREF CRREEEIRILF—HRICH
[Ffe. RAMRIIC K DR BB RKIMTOHEIL

DFREREBEEL. A RA B IEAEDSI

Nanotechnology Platform (FY2012-2021)
Molecule and Material Synthesis Platform

“Priority Issue on Post-K computer” (Development of New
Fundamental Technologies for High-Efficiency Energy Creation,
Conversion/Storage and Use) funded by MEXT

ENHDIRARENOHERZE-EEFIAECE T F%

Serving as a core organization for domestic and international collaborations

EA-BHOHAED D FIRZEHN. R PiESEZFIAL TV,

DFRIFRFEFE UVSOR, BRU EHERIFAR T 5 —FEDABYERR
%, [HEERFIA U CEEN BT IS 1 =T —DIRREICLLFIALTIEL
TVFETF XVRIEYIEHRAIMR EY Y — gty 5y —HED
AR LYy — KERREEICBVLC. LinEEEZH AL CTHE TR Z
EHTIELEEDICABEPYEESHRF EORFE L LEZEZELTVETD,
EBC. INSEYI—FESUICERRBHICSIF 2RAEFEZFRLE
WS FIRDHE SEHOFINRZTE EOEEO T TITS (3R] Frn
DHBE——CTHBARRETS[H AR DRBLTVEFT, Fe.
[RFEHEAAZ B RYNT—T | OISR EL T D FRIEBRICHT
2RI EREDIEEFIAIC L DHEERRDIBEICEHEREATVET,
INSOI\—ROT7 72 E Ulc HEIFIAEHIC S EDREICE T 251
E D BIEHHMUWVWRERZERDICDDEMSFEREL T FHNDIAFRED
REZBEICUTARER TH D [DFIARR] [D FRIFEREMRES
(R 77U VR) I 7eBEEEmEL CLE T,

HEF AERRHR
International Joint Research
UVSORZ(F U, FIAD R T S E = m o O ze & CHIRREML.

HEFIR-HERRZETOCTVET,
414321 (2017.10-2018.9)

IMS opens up state-of-the-art facilities including UVSOR for collaborative
and/or joint researches.

41 projects (October 2017 - September 2018)

WEEFAARER— TH30EE

EHENE IEs A
E =it 2 22
iihaltiE 45 153
HRE 10 174
EFHAS 1 21
MBI T7UVR 1 34
KERFERAA 3 9
BTt ERESFIA 248 981
UVSORIiEz%FlIF 213 1,067
FIRBAL 110 110
F /TS YNGR 81 113
F /TSN FI R 202 299

& &t 916 2,983




DFIHROEER

KEEERARBRYNT—I DIBSE Inter-University Network for Common Utilization of Research Equipments (EqNW)

DFRZRFEFISE. LLERDRRED A V5 —RvNEBUTAZDHR
RIFZBEMTERT DI DI TH D KFEERFRRBERYNT—
[CFZERIFIBEFIAEHERRDIBE | BRDOPIZERE ZFEHTNE T,
ARYRT=I(CIF EEDKRZEPEEZZHIHIS00DEEENSIL T
$b.2,0008U EDIRZERBOFIARALEZ DS 55008 EDRHIC
DVWTOFAFH-REVAT LZERULCWEY, 1 R=ZBIDMAE
HA—Y—EUTERSNTHD. BH10,0004- U EDFIFARENHD
T —EPHMKIBEHALTRETT . BRI CRMEREZBATHILLL
FIRAENTADIRRIBREEL CLLBEMNTERENTVET,

*More than 10,000 registered users

*Mutual utilization among national universities (since FY2007)
-Open for private universities, public institutes, private companies
(more than 200 organizations)

AXZ

KEEISRT R
Ex% *Xyb9—=9 BA%
SE73HE (D FHRZZD)
[C&ZIEEFIA
T MR, e IR F,
N R e
[Chl BETASEOHRE Kkt
DA VF—2INKDFIBFHZEITS
EEBITRIBHOEERMINETS,

DX% Ck#

KREFEERAARBRYND— I DELR

F+/57009—=T35YNT4—LDFWETR MEXT Nanotechnology Platform Molecule & Material Synthesis Platform

TEH2AFEENSIE OIcNHE T /T0 . /O0I—TSvhTr— LEEF.
REMDAAZBEZDEAD/ DI\ ZE T DEENRRITEEL T
EENFRBOLAEHZHR THEEL. EXFPHRREHE I
THEREDERND Y TO—FZRIH T 2L BICERBEESECPENH
RMEZHET DDDTY . AFETIE. MEESHET. MH#MNI. 579
*MEXT Nanotechnology Platform (FY2012-2021)

SAD3DDEERED T ST —LDBESN. HFHE. H5F
MBESHORREREEREREZIE D DRERDIFR T
FYEMBRIN DI DIFFR B ERBL CTVET . 3¥flllF FEEURLIC
TP OEAD ETBRLIEE W,

+IMS as the core representative organization of the Molecule & Material Synthesis Platform
*Open for domestic and international universities, institutes & private companies

[EZ2{F]nttps://nanonet.mext.go.jp/  [{XF#EEI] https://mms-platform.com/  [43 F ] https://nanoims.ims.ac.jp/ims/

B

Shinshu Univ.

aEr/h—IRVDRIZBEUIC

G DTEHES R

FREEIFHRIMAZE
Chitose Institute of
Science and Technology

LimE/\ A A A S R—2ay

éElO%FQ LTS T ol
JERESCIRTI R BT AR RAZ
Japan Advanced Institute of
Science and Technology
2RFHITHEREBNICO T VESHZESE
TR KERAZE
Kyushu Univ. Osaka Univ. WE*ZHEE%%$§
DFMEER F/Fo/09— National Institute for Materials Science
TISUNTA—Ls SRBHAS ¢ o F K A A DRIE~NIMS
| . . DFMEER TSV T+ —L
7 FEIFRZER
Institute for Molecular Science
. . DFIEREED F 77 Y T UM
RRFTIMEIZEMTAZRAZE | :

Nara Institute of Science and

Technology ZHEXE
Nagoya Univ.

BEBAZDFYEERTSVRTr—L  BIRKAY—ITU7ILRIRIE

NAIST 7 /52./09—J5vhTH—1
[DFYMEERTSYNTH—L]

BEETEXST

Nagoya Institute of Technology
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ﬁﬁ(:fﬂ “‘5*‘7 I\U—ﬂd)ﬁgﬁ‘ Constructing a world-wide research network

DFHZMEAIE. BN FRFMEOPZMREL TEORBREREZRCLTVE T,

EEHLREHR MmO EFRFRBEDAMBAL International Collaboration Programs

DFRIRARSRIFRLE. ZLDEEFSZDRE. SHONEAHRT  SNEAMREOERIMR (FR9%EE) Visiting Foreign Researchers (FY2017)

BOBIAN BLOEBLARRSLOBENCEELS EBNIC  PXUH USA 8
BONHRRELTOREEESTEE U ERERMRESCH (TR UK L

K1Y  Germany 14
T BT, FRICEE SO REOESHAMRELEMALTVE 5592 France 1
T.COBETR. (V) HFHEERA Vy—vovTIOIS L, (2)F  BE Korea 7

HE Chi 20
HEREFARE R TOISLEORESBERERAEELTY oy ns ,
9. P UV EEB LUK ONRHERASEZNTRBEEMEL. 2O Ohers 64

A5t Total 129(A)
ERHERZEERIELCVET, =
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

39

universities.

SHIERSRBEICE DR (13#A)  International Exchange Agreements (13 organizations)

TSR
TSURER \UBE LRER
Ry
NVLRILYEY =X)L
NV BEEKE
T4ISUR
ZOIKE
AR
AV REIERIAR
A VRRIEHEMRRFAIILATR
hE
RERIE B LR
54
FAENLS/ T/ OI—RREF—
=
RSB FE ) FRIERZUFR
ERERF
BE
BESERZEMR
BE(LFRVMEBLETE4Y3Y
RIIRERE

France
Ecole Nationale Supérieure de Chimie de Paris

Germany

Helmholtz-Zentrum Berlin fur Materialien und Energie
Freie Universitat Berlin

Finland
University of Oulu
India

Indian Institute of Science
Indian Institute of Science Education and Research Kolkata

China

Institute of Chemistry, Chinese Academy of Sciences

Thailand

National Nanotechnology Center, National Science and Technology Development Agency
Taiwan

Institute of Atomic and Molecular Sciences, Academia Sinica

National Chiao Tung University

Korea

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

HBIADH (58RY) Exchange Programs of SOKENDAI (5 Universities)

&t

FaSOVI—UKF B
HEP—hKE BEE

TGV IUAT A — BRI AR RS
JL—27

EEADNE )

BE

RIS E KRR

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

MBI KZHRHER

FRFEAIE D FRZICHIFDREIMDIMF = #ET DIE(F TIIE L ZEDHBFZTV.BHRED D F
BRZEO LK AMEZEBR T D LICHIZANTNET,

R AKRF AT

SOKENDAI The Graduate University for Advanced Studies

DFRFIRFRE SRR ERARZ DYIERZRRRCHN
TRED FRZFER KD FRIZERZBHEL RRZIBSE
FRREOBRICEBEBHICINDEATED . KFPRBET/ER
TEEDEEEZEHLUTCVLET,

The gtaduate students of the Graduate University for Advanced
Studies (SOKENDAI) take molecular science classes, including

chemical science, physical science, material science, and
bioscience.

ﬁﬁ%ﬁﬁtﬁﬁ\ Te8ICIE Admissions

DFRFREAR TR DTS SRR IRAZ OYIERIZH
FRMBED FHZERO U BIRED FRFERAAZL TV

LT EICIEDET,
Y TICRERICIEELCVDREDA R MERIHRFARRE I LT
DFRHTEREDHERET,

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.

FERUITRF IS S LR R
High quality advising and facilities

SRBR. RZRICERR EFfFS HRRREE
TEDRE TEFEISERRAST

International conferences
and joint researches

Excellent environment
for research

HE.FVS31Y EECRRBFE-TLEY
Jv—FILOEDbHIR BEDRENE

Technical and scientific
English education

Extensive library and
online journals

HBEMARKRFERAZEIE?  About SOKENDAI?

FEETRRAZEBEAZ (R A) [FHEH

63%FIC. EEIOAFHEF ARz

ERERECUCHUVERSAB#O

TCRIRESNEEE I VVAF

RDBDKFTY . AERZHZRI R

FIR][CEE PEDHIFSTHIE
BHEDHREHEFREZRDDIEZBELC. O—RRIBETOTS L.
FALST— EFYURID A HERRELCDI=—JISEE ZAEL T
VDD, FROFEE I BRI SRR UE R B TITOTLET.

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

II:EI% %ﬁﬁgqt;ﬂ Career after graduation

RIS (RFHZ)

Employee/research staff
inprivate companies etc.

95

¥% professors 26

HEBUR Associate Professors 28
SBRM Lecturers 5
Bh# Assistant Professors 26

PN S R T

Research staff in universities, public institutes 78

2018512171 5125844 Total: 258 (updated in December 2018)

Rl EFAHRE

fthDKZICFIBL CWLWSEL. L DREDH 4 %Z HFRIHEFAMRE] ELTRANRRES
ZITOCVET . 2ED SBEF202ZEDOFEDT L H 3 FIRISHEL. RICRDEATVLET,

BANKZ(BE105F) © LBEAR . KPAZ. FHEXE. TEAR. RRAZ. RRIERR.
HRAZ. BMNAR BEXE. AEEAR. FNHEAR. FOELERR. SREMHMZKXE.
JEEESERB R RIMARIRAZE . REAZ . KRKZ . MFAR ELUXZ. LREXZ BEAZ.
TUMNKZ BREENIIAZ. RTRHAZ fth

SFRFTRA

i i
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Promoting widespread awareness of science in the society

HEEDIK

DFRETA— S
Molecular Sciegce Forum
ERBLFRRFAEDRET I FRF
TA—S L\ ZFAQRELCTLET . EA
HNOBRISHHFREZBEM CHDLZ U 5T
BFZFCHELTHRLBE R EF D=
HHbPF <BALTIEVTVET,

Eiftz=F—

Knowledge Enhancement Workshop

for Science Teachers

AR T DFF e i BRI EIREE £ 0D
—IREUL T MBS SRR —5
U—035TEDMMABHED—DELTT
DNTVSEZF—T9 . MIEmAD/I\
REROERHEZWNREL T, MIF3
TSRO E DAL T 605
HSEED  BFETHNTVET,

REZAN

Campus Tour

AFATIC L BIEHRRIE
Public Relations

BN OMANRPEFBEEZR—LN—Y
[CEELCWVE T Efe. AFANFEITLT
VWBHRMICDOVTH. IR—LX—I KD
THEUVEREIFET,
https://www.ims.ac.jp/

it i%

Comm tivities

5eP7E% < DA TIRL feth RZDRANZ{To T WL
T HRERBTREZIUS. RITmODIATRNEREFEBFC
LEADAHICRZVEEVWTVEY . Fali30FEF3I0AD

REECHBELVEER U,

HATRESE .
Collaboration with Okazaki City
Educatioh Board
FRCEERABRTEEVC EZFRER
LTHSVLRIZICHULTOBEZF>T
H55eHIC. EICAIBHADFERZE
WHREL T, IR OMFRE D ES-
EKRZTOCTLET,

A—=I\—Y 4 ZIANAXT—)L
Super Scigfice Highschgol

X ERE A DMEE LR i, 2R
HEHFEERNITOIEEFER(R—
IN=Y A TIRINART—)L)EE .
BEARIFAFREEEL GHEL CLET,

—HRI B

Open'Campus

R CITONTVBEENC DV T LK —RDAHX
[CIRfR7Z RO TV IELK Tesh. SEICIE— R FZE
o TVFT . 2NFH (2021 FERETE) [FRERE
DRBEPHEBREERLEANYNEITVET

WERRIFMFREE BIRHERRER

Common Facilities in Okazaki

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

I EHRREEF. I 3HRFTORE. Mt
EFNE-BE-REL EEORS. HEFIA
MREENFIRATEEI,

[F75tRE]

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/

i DERRH N UOERISHZRD B DM,
HEDERICETHEEDIC HHBEDEE. KR
[CHES5ITBHCEZBNELIEIERTY . X
R"—IL200R. hx

EEL2Z.I\REE

(2=)E5020FA

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
200,120, and 50, respectively, are available.

[T EF AR R &S AR
Accommodation Facilities for Researchers
http:/iwww.orion.ac.jp/lodge/

HAZERUHFRZEDORZPHEEEDLS
HEFAREZFDOHICEFNDIAZFRE DI
DEAKEREVCHBIRRAEEAMESR
(=80vY BKSF
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]

E
¥

Main Gate

BAASFHERX

Myodaiji Campus

ftEiE% Faciliti

OHFZTAE Main Office Bldg.

@ ZEER#E Main Laboratory Bldg.

@ MEEE#&E South Laboratory Bldg.

@ &Rz —# Computer Center Bldg.

® H{EERR Instrument Center (Low-temp.Div.) Bldg.

® 1= ERHE Chemical Materials Bldg.

@ L—TF—#F Laser Facility Bldg.

® EBERFME Equipment Development Center

@ MRIHERSNSESEERIR UVSOR Synchrotron Facility

=Rt Y—8E Administration Bureau

@) KZEEE Library

@ERESEE Faculty Club & Coop

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

B EfHEZ Guard Station

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

@113 1 SH#EA Yamate No.1 Bldg. A

@115 15EEB Yamate No.1 Bldg. B

@|11FF2SHE Yamate No.2 Bldg.

@ | LIF3S4E Yamate No.3 Bldg.

@|IFASEE Yamate No.4 Bldg.

@|LIF55HE Yamate No.5 Bldg.

@ EERBEKALIBHEER Waste Disposal and Treatment Facility
@ SEBCEERESR High-Voltage Distribution Facility
@BAKRFO v 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
1,063
1,053
1,260
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
440
1,023
492
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EE

WERRS
TSP, BEETEZ D [tRZeRAR] BEANEZRM]
ftOEBERCELT. IR HiE B BERBAFETSNRE Eb&;“;;i f;?::goard o scatoch
RARICISU CBIE ST Hrvoje Petek KEILY Y/ \—TXFHIR (National Academy of Science and Engineering, Muenchen)
bETHEAEEBM[IC CEERER] Former President of Karlsruhe Institute of Technology
AT ENCEEBRRNRD Bt B MUt EHEPRARPAAREERIIR Benjamin List
FEEEEENTNET, = B EMVKN T o SR A AR I E Director, Max-Planck-Institut fir Kohlenforschung
e 2 RRAZVERFRAEIR
MR EHR SHHEEASHEBCFREAEES 70—
BEESE
MRUEWEDAE, £E [EESERR] 0@k O-EER 5% = SRBlRERtYy—HF
TR AR ERFTAT DE B8 Tt RERFERFREFMABBE-BIZR Ml BE BRI FIVATLRAREYI—HR
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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)

By Train

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.

By Bus

Catch the Meitetsu bus at Central Japan International Airport and get
off at Higashi-Okazaki Bus Station (approx. 65 min from the Airport
to Higashi-Okazaki).

You are on the north side of the Meitetsu Higashi-Okazaki Station. Go
through the passage connecting the south side of the Higashi-Okazaki
Station and further 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).









