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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, sets forth in April 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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Core research sites to grow new scientific fields
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Inter-University Research Institute
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We promote frontier research in
the field of Molecular Science.
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What 1s IMS?
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We offer open access to researchers from Japan and
abroad to both our facilities and equipment.
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Fostering of Young Researchers

FEDOHYEZTV.HED S FRIZZ P 42
EoTVWKAMZBRLTVETY, :

We commit ourselves to educating students and fostering
the next generation of Molecular Scientists.
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Each research staff of Institute for Molecular Science (IMS) belongs to a department or to a research facility. Majority of the technical staffs
are assigned to Research Facilities. Supporting activities such as safety, public affairs, international affairs, and so forth are organized by
dedicated staffs. We also have facilities (including Research Center for Computational Science, RCCS) shared with two other institutes
(National Institute for Basic Biology, National Institute for Physiological Sciences) in the same campus. In 2018, Exploratory Research Center
on Life and Living Systems 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 D FRIFAFAAEIE (BBFM5054H22H) Apr. 1975  Institute for Molecular Science founded (April 22, 1975)
ety —8E (~FHIF3H) Instrument Center established (-March 1997)
KERRERE Equipment Development Center established
BFI51E58 (LA BERE (~FR9EIA) May 1976 Chemical Materials Center established (-March 1997)
RRI52F48 SETFEtBEE LYY —RE(~TF12F38) Apr. 1977 Computer Center established (-March 2000)
BER Y5 —RE (~TFR9EIR) Low-Temperature Center established (-March 1997)
BA156F48  FEIBEIIHEIRZEERIER (~F R 165E3H) Apr. 1981 Okazaki National Research Institutes (ONRI) founded (-March 2004)
FRAIS7EE4R  MRimRNRERIEGRE Apr. 1982 UVSOR Facility established
MRFIS9F4H  SEIMEFEEREERE (~FEM1953R) Apr. 1984 Coordination Chemistry Laboratories established (-March 2007)
FRTI63FE108 HEMBAERAFHSE Oct. 1988 Graduate University of Advanced Studies founded
HRIERTRH (~FR 16538 LI School of Mathematical and Physical Science, Department of
YIIERIEIREAED Structural Molecular Science/Department of Functional Molecular
BED FRIFEK EEED FRIFER Science established
EMIF4H « HFHEHL—T—RERERREVY—RE Apr. 1997 Laser Research Center for Molecular Science established
(~Fr29438) (-March 2017)
PDFYERRAA Y —RE(~T1453R) Research Center for Molecular Materials established (-March 2002)
TRi12F4H HEAREREE (RBRES/\A A1 IVR Apr. 2000 Research facilities (Okazaki Institute for Integrative Bioscience
t/9 (~Fm30E3R) . STERIFHR EY 5 —) (-March 2018) and Research Center for Computational Science) established
EM14FE4AR  DFRT—IWF /AT IR I I—HRE Apr. 2002 Research Center for Molecular-scale Nanoscience
(~Fm25438) established
TR165E4H  KEHEFIAKEEABARIZ AR Apr. 2004 National Institutes of Natural Sciences founded as one of the four

Inter-University Research Institute Corporations

FER19F4R  ATRREEICHFERERE. sty —BRE Apr. 2007 7 Departments reorganized to 4 Departments
Instrument Center re-established

TRi25F4H  BEDTFIVRATLRAREYI—HE Apr. 2013 Research Center of Integrative Molecular Systems established
FER29F4AR XVRIEvWIEARREY Y —RE Apr. 2017 Center for Mesoscopic Sciences established
FEB0FE4AR AEmBIRFER VY — (BARIEMTUEAE) RE Apr. 2018 Exploratory Research Center on Life and Living Systems established

AE-F& Personnel and Budget
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(7 =~ = = 1 A & B 1221654 R RR BB R RS2 354,636
WREHE — 11(10) 10(4) = 27 48(14) —  48(14) EEBHREE 2282332 HEMR (REEENSDZAZZD) 57,295
MAMEE — 4 4 1 16 25 = 25 it & & 80,000 ﬁﬁﬂ%{ﬁﬁg}ﬁ?ﬁi&%ﬁ%(qgﬂ 515,573
EmiER] B = = e B B B B R RN | mRm i e
& & 1 15(10) 14(4) 1 43 74(14) 29 103(14) (BT~ e 1,206,178
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X EEORERICED, *2BEREESO.
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Staff (as of April, 2018) Budget (FY 2017) (Thousand yen) Grants-in-Aid (FY 2017) (Thousand yen)
Director General 1 Personnel 1,221,654 Grant-in-Aid Scientific Research(KAKENHI, MEXT and JSPS)** 354,636
Professors 15(10) Joint Research 57,295
Associate Professors 14(4) Research 2,282,332 CREST, PRESTO, others(JST)** 515,573
Senior Reseacher 1

- Special Coordination Funds for 567.360
Assistant Professors 43 Facility 80,000 Promoting Science and Technology from MEXT*** ’
Technical Staff 29 Others™** le3:e49
Total 108(14) 1Ot 3,563,986 Total 1,618,109

* 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

WIERD FRIZFE—HZTEBFI Theoretical Molecular Science |

BERICHIT DY PRBEZEH T

YA F =D ADIEHIFFR
Theoretical Studies on Dynamics in
Many-Body Molecular Systems
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BB ARELELLE T . COKSTFEHITERC KD,
DFESHRELCOBEIFHER FEILLTVE T FTe.
ZDRIFREEEDR T FLFEZRIDEETL.
ZTNSDFERELV T MEDRRIFPECTVINTED
BREICDIENIDE T e, N TR IERICH LD
FHOEFNEFAELTOYECRIDHRENSNT
WVElCTEFBATURC LD L EEBRDERICKD. —D
D FDOBEZLPRIVEEH T DI EBATHEICIED
TEFUf. T DRER . EFITISNIRDE VP RIG
(CFRSNEVEHEHRIBEHESNCEOTER LI,
MEFRENFPEFNRACE I RBEDEREE-
BT AZRRE T DEEBIC. YZab—2aV R EL
DT OEENZRFNT DEICKD MEDHEE LY ID
BEOBREDNEDRIICEHHEINDDH Fe LRI
DEDKIISETI DDDVFEZIE - SRR
LCTW&EY,

Two-dimensional free energy profile based on dynamical
information on protein folding process calculated from
ultra-long simulations.

SER

1) T. Yagasaki and S. Saito, “Fluctuations and Relaxation
Dynamics of Liquid Water Revealed by Linear and Nonlinear
Spectroscopy,” Annu. Rev. Phys. Chem. 64, 55-75 (2013) (Invited).
2) K. Kim and S. Saito, “Multiple Length and Time Scales of
Dynamic Heterogeneities in Model Glass-Forming Liquids:
A Systematic Analysis of Multi-Point and Multi-Time
Correlations,” J. Chem. Phys. (Special Topic: Glass
Transition) 138, 12A506 (13 pages) (2013) (Invited).

3)S. Saito, I. Ohmine, and B. Bagchi, “Frequency dependence
of specific heat in supercooled liquid water and emergence
of correlated dynamics,” J. Chem. Phys. 138, 1094503

Nonlinear intermolecular interactions cause
complicated dynamics in many-body molecular
systems, such as liquids and biomolecular systems.
The complicated dynamics with a wide range of
spatiotemporal scales yield various thermodynamic
and dynamic properties of the systems. For example,
thermodynamic response functions are described as
the ensemble average of fluctuations and the
spatiotemporal non-uniform motions known as
dynamic heterogeneity which are now considered to
be a crucial clue to understand supercooled liquids
and glass transition. Furthermore, the heterogeneous
dynamics affect reaction dynamics. Experimental and
theoretical studies demonstrate that reactions at
single-molecule level are described by non-Poisson
process and thus the corresponding reaction rates are
not constant. In addition to these examples, protein
functions are also created as a result of complicated
dynamics. Thus, understanding of spatiotemporal
heterogeneous dynamics is essential to the
elucidation of thermodynamics and dynamic
properties, reactions, and functions in the condensed
phase. We theoretically and computationally investigate
how enzymatic reactions proceed in fluctuating
environment, how macroscopic biological functions
and thermodynamic anomalies of water are generated
from microscopic complicated dynamics.

Dynamical couplings between conformational fluctuations
with different time scales revealed by multi-time correlation
function.

(7 pages) (2015).

4) T. Mori and S. Saito, “Dynamic Heterogeneity in the
Folding/Unfolding Transitions of FiP35,” J. Chem. Phys.
142, 135101 (7 pages) (2015).

5) J. Ono, S. Takada, and S. Saito, “Couplings between
Hierarchical Conformational Dynamics from Multi-Time
Correlation Functions and Two-Dimensional Lifetime
Spectra: Application to Adenylate Kinase,” J. Chem. Phys.
(Special Topic: Multidimensional Spectroscopy) 142,
212404 (13 pages) (2015)(Invited).
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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

MEHD TR ETIRFREBFT Theoretical Molecular Science Ii

EHEED FRICH T DEFEINFIRRDIEH

Theoretical Studies of Quantum Dynamics in

Condensed Phase Molecular Systems

BROHEFHRRKERMRT DEE.RDETS,
WHIEDEFREMREINIREIREILFTE
FEABICASHOHNFREEMTDIET.EEIC
STFEHRIESN, CECFEFEDNERICRETIND
— B FRICBVTIFETF DT SRAFZRD/IN
SUAMEREST A F IO X DREICKE S HEZNIE
Lig2Ich[ZERER R ICEUDESE L ERICE
SNEDSETFHRIIEDR IV EZZITHDN]
ZEMIDIEIF ERFREELLEDETT,

ZDRIGFEFRERROBEEEFIEL T BN
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([SEELENS ., EFRIEREHFIER - IR ZI
BERZRET DL THAEHAIEBREICHITD IR
ILF—EE P ITRIVF—EIRBELEDRREEDF
RICBITPEFEHFRROEAICIDIBATNE T .

SER

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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FAX: 0564-55-7025

mail: ehara@ims.ac.jp

1988 B.S. at Kyoto Univ.
Faculty of Engineering

1993 Ph.D. at Kyoto Univ.
Graduate School of
Engineering

1994 Japan Society for the
Promotion of Science
(JSPS) Postdoctoral
Fellow

Visiting Researcher at
Heidelberg Univ.

1995 Assitant Professor at
Kyoto Univ. Graduate
School of Engineering

2002 Associate Professor at
Kyoto Univ. Graduate
School of Engineering

2008 Professor at Insititute
for Molecular Science

2012 Professor at Element
Strategy for Catalysis
and Battery (ESICB),
Kyoto Univ. (additional
post)

(Keywords)

Quantum Chemistry,

Photophysical Chemistry,

Heterogeneous Catalysis

WET &9 FRISERFTERPT Computational Molecular Science

RETETFIREIERICE D EMROERLF

Fundamental Chemistry of Complex Systems
using Advanced Electronic Structure Theories

BARDRLIFEEERED FOEFRECED
WTHIRLCVLE T B BHIFEFERDR
BZBESHICLALZEMSZBETHLEZBNEL
C.BELEFREERZREL. L2 PRELE
DOEBRRZITOCVNET REDELFIFRT —V (&
UTFDESDTT,

(1) BHROSHEEEFREERDHFE

DTFOEFRECLERIGICIHEMHFEFBEZDD
REDNEFELTT . INSOEMROETFRECER
TEOREFEFREERVEHEY IV IUXLZRFE
U BREZEDSIHAEZICED LV EDEFEER
ZIRRELTVE T BRI BRI LR R IB DA
MRZEM T HPCM SAC-CLE. ERTEFHISIRAE
Z5tE 9 95CAP/SAC-CIIEWACCC SAC-CIiE. 8
MILETIREBZBE(CER T 9SAC-CI general-R
EDFOEFREPCZRICOENHNRERRTS
XP-PCMEZRFEL. AR ZRREL TLE T
(2) T H—REMEDIERIAZE

SRR ERESD FICEFINERT/
HF(E BNREHERDZRELE T B,
INSDOEM BERTHIEET /T OIS
ZEFLFHBEZRVCIBFROCEEIRICER
UCTHIRLCVE T RIEDIAR TIE. EEfEEE- /(S
I LhEEMAFOEEC-CLEE L. EI5XY—D
BRLEMBERIG. 7 IVZFHERHIRIS A5 —DKE
B LR ED XD =X LZEFHNICASHCLE U,
SSERECHEIL. AR - B DTTREE RO TOY I
[CBNTC. SR Z R DA —RER DR
FFICHELTWVET,

SEXH

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. Karanjit, 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-CIl and ACCC
SAC-CI for metastable resonance states, SAC-CI
general-R for complex electronic states, and XP-PCM
for high pressure effects on electronic states and
reactions.

(2) Heterogeneous catalysts

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

Fig. 1 Electronic resonance states of DNA/RNA nucleobases

Fig. 2 Solvation dynamics of Au/Pd alloy nanocluster
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TEL: 0564-55-7277

FAX: 0564-55-7025

mail: hokumura@ims.ac.jp

1998 B.S. Keio University
2002 Ph.D. Keio University

Postdoctoral Fellow,
The University of Tokyo

Research Associate,
Institute for Molecular
Science

2004 Research Associate,
The Graduate University
for Advanced Study

2006 Research Lecturer,
Nagoya University

2008 Research Assistant,
Rutgers University

2009 Assistant Research
Professor, Rutgers
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Fig. 1 (a) Free-energy landscape and (b) typical structures at
local-minimum free-energy states of C-peptide.

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

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

SEXH

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

2) S. G. Itoh and H. Okumura, “Oligomer formation of
amyloid-B(29-42) from its monomers using the Hamiltonian
replica-permutation molecular dynamics simulation”, J. Phys.
Chem. B120, 6555-6561 (2016).

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

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

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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Functional Dynamics of Biomolecular Machines Revealed

by Theoretical Methods
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1) K. Okazaki & G. Hummer, “Phosphate release coupled
to rotary motion of Fi-ATPase.” Proc. Natl. Acad. Sci. U S A
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. U S A112:10720-10725 (2015).

3) @IEE— “Fi-ATPase DIERERIEEN DV ILF AT — UISHEHT:
UVESBRBNSYY T 1y NEEDM % - BEIRET.” £YYe
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 Fs. 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 F1-ATPase. Torque on
central stalk or biasing potential for P; are applied to speed
up functional dynamics.

10
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1) “Visualizing picometric quantum ripples of ultrafast
wave-packet interference,” H. Katsuki, H. Chiba, B. Girard,
C. Meier, and K. Ohmori, Science 311, 1589-1592 (2006).
2) “Actively tailored spatiotemporal images of quantum
interference on the picometer and femtosecond scales,”
H. Katsuki, H. Chiba, C. Meier, B. Girard, and K. Ohmori,
Phys. Rev. Lett. 102, 103602 (2009).
3) “Ultrafast Fourier transform with a femtosecond laser
driven molecule,” K. Hosaka, H. Shimada, H. Chiba, H.
Katsuki, Y. Teranishi, Y. Ohtsuki, and K. Ohmori, Phys.
Rev. Lett. 104, 180501 (2010).
|&] Selected for “Editors’ Suggestions” in PRL.
& Covered by “Viewpoints” in Physics; Physics 3, 38 (2010).
Covered by “Research Highlights” in Nature; Nature 465, 138-139 (2010).
4) “Strong-laser-induced quantum interference,” H. Goto, H.
Katsuki, H. Ibrahim, H. Chiba, and K. Ohmori, Nature
{Rysics 7, 383-385 (2011). (DOI:10.1038/NPHYS1960)

Highlighted by “News and Views” in Nature Physics. 7, 373-374 (2011).

It is observed in a double-slit experiment by 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, J.C. Delagnes, K. Hosaka, K. Ishioka,
H. Chiba, E.S. Zijlstra, M.E. Garcia, H. Takahashi, K.
Watanabe, M. Kitajima, Y. Matsumoto, K.G. Nakamura,
and K. Ohmori, Nature Communications 4, 2801 (2013).

6) “Direct observation of ultrafast many-body electron
dynamics in an ultracold Rydberg gas,” N. Takei, C.
Sommer, C. Genes, G. Pupillo, H. Goto, K. Koyasu, H.
Chiba, M. Weidemdiller, and K. Ohmori, Nature
Communications 7, 13449 (2016).
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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) F. Bussolotti, 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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FE—LDETY RO ZIMDEN JRED
BARFEIC LD MARRRKEDSREEFE—LD
EpiZE BIEUCHRZERITTWLWE T . Ke. KD
o0V HEFE T DO DEAELLREFEN
DEREDRFEICORMDEATVET,

ToOrOVHRBNERTID L—Y—D&S
BIE—LUYNEKRCTIESOF AL F L—T—
DXSFEFEZERFOYoOMIVH. TEH 5. Je—
LbhoroObOVEOFECR T DR ZEEDH TN
T voOMOYHEHHIREDHICEAUIADETF
E—LEBRDRUVBBERS B DI TU—Y —RIRDY
RIRCEFI  BREFL—V—EFRENDEM T,
UVSORTIFZEMPRECENcHIRREERET
L—Y—DRREED TEXUIc. BFE—LESED
SEALL—Y—HZREFRTESIET . TIN
VB EZENRE COE— U MERET DI E
[CERULCVET Ffe. L—Y—HZEFE—LIC
BRECDIIET. IXIF—TE mATE. BIE/N
IWADHVRBDFEEICHIILTCVE T R TIE SE
BEFENDRTEROREZ R DFWIFSHDFREICH
BIILE U,

FBRFREVEF DS DADRE . S S NI DME
EOEBERIE BREMIEZDOR/REVTHEERRL.
Tl RIFYEZE, TS AIYEEH SYERIZ. i
B2 TFANONA F OV - ERFLEDEFICBVTE
IR ZRIC LI T AR MBLVWDEFORRESE
#AL T HICEET DUV ZESH TVIET,

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.

SENM

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. Fujii,
Risdiana, I. Terasaki, D.J. Scalapino, T.P. Devereaux,
Z. Hussain, Z.-X. Shen, “Distinct Fermi-momentum-
dependent energy gaps in deeply underdoped Bi2212.”
Science 314, 1910-1913 (20086).

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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Exploitation of Novel Spectroscopic Methods

for Material and Surface Science
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1) “Non-contact electric potential measurements of
electrode components in operating polymer electrolyte
fuel cell by near ambient pressure XPS” L. Yu, Y. Takagi,
T. Nakamura, O. Sekizawa, T. Sakata, T. Uruga, M. Tada,
Y. Iwasawa, G. Samjeské and T. Yokoyama, Phys. Chem.
Chem. Phys. 19, 30798 (2017).

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
(20086).

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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EADREFEFDOAEEIFRFDIBEEFLTLD
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TWEBIF KR XTI FIEEDRRIFEDFIC
BXZRFS . ERAMEDOREG—EREYT /URILT
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DFEAFENEDLIBEANZX L THENSESEY)
ML 2HEE, BF 5 FZORERITSE TLIDDH
AT B EEBIRLTVET D . ZFOEEERIC
FOTHIRT DEMTERRERRZRBEDOLANIY
D OSMRIICEASHNT T DTDIT, RO BRI
A TERNSEOXREV TR L E IR ILF — 1B D
GEgA - ) LA —Y—X) P ETIR. EEEIEMEZ
AUV REIRORERD FEHF - YRR L
TWFT (Figs.1, 2). Ffe ERDEEFTE CISERIE
{RDRATRE C ol KR KRIESRYND—IHDT
ObY) DEFMEE” ZAIRIL T BIcHD " EHHIFRE
BB FEETALE" ZRRF T DT LICHHFRICHEERI THE
BUTWETD,

KA FOEERDES T DERREERR (S MIES -
b2 T2 -£P2 -2 EV I LVEEDODEHICH
WCTER - HADEESR TR CEELMRMRTI .
e B3 22HEIC DIEH B AFEDHI R - B IR %18
FI D EEBIEU. TDXRIITHHTH - SREP M CERE
VEFRERSRZE T/ UNIVOBEIRTHREIEN TER
WREEFALTVET,

SEXH

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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Magnetic Resonance Studies for Functional Molecular-Based Solids
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) ZRSEDBITONE T BT A XD A VI
KOBIEFORESEZAD. HDVIMIEEZ
DFENCMADEIT T, 2B 1BRIAE. BFE. KRBT
M GBIGEEVSBL DY ERLET . CNSHF
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WS EARREDIRTHIBRRIC DIENDE T A B DT
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1) M. Asada, and T. Nakamura, “Magnetic resonance
investigation for possible antiferromagnetic subphase in
(TMTTF),Br,” Phys. Rev. B96, 12512 (2017).

2) E. Jin, M. Asada, Q. Xu, S. Dalapati, M. A. Addicoat, M. A.
Brady, H. Xu, T. Nakamura, T. Heine, Q. Chen, D. Jiang,
“Two-dimensional sp2 carbon—conjugated covalent organic
frameworks,” Science 357, 673-676 (2017).

3) S. Kitou, T. Fuijii, T. Kawamoto, N. Katayama, S. Maki, E.
Nishibori, K. Sugimoto, M. Takata, T. Nakamura, and H. Sawa,
“Successive Dimensional Transition in (TMTTF)2PFs
Revealed by Synchrotron X-ray Diffraction,” Phys. Rev.
Lett., 119, 06570 (2017).

Magnetic resonance measurements are advantageous
for studying fundamental electronic properties and for
understanding the detailed electronic structures of
molecular based compounds. Developing an
understanding of the electronic phases and functionality
of these materials enables us to perform systematic
investigations of low-dimensional, highly correlated
electron systems and functional materials. Competition
between the electronic phases in molecular-based
conductors has attracted much attention. The
investigations of such electronic phases by magnetic
resonance measurements are important to
understanding unsolved fundamental problems in
the field of solid state physics, and to explore novel
functionalities in the field of material science.

In this study, we performed broad-line NMR and ESR
measurements on molecular-based conductors to
understand electron spin dynamics and functionality in
low-temperature electronic phases.

Multi-frequency Pulsed ESR Spectrometer

4) T. Nakamura, K. Furukawa, T. Terauchi, and Y. Kobayashi,
“Microscopic Evidence of a Metallic State in the One-pot
Organic Conductor, Ammonium Tetrathiapentalene
Carboxylate,” Phys. Status Solidi RRL 9, 480 — 484 (2015).

5) F. lwase, K. Sugiura, K. Furukawa and T. Nakamura,
“13C NMR study of the magnetic properties of the
quasi-one-dimensional conductor (TMTTF).SbFs,” Phys.
Rev. B84, 115140 (7 pages) (2011).

6) K. Furukawa, K. Sugiura, F. Iwase and T. Nakamura,
“Structural Investigation of the Spin-singlet Phase in
(TMTTF)2l,” Phys. Rev. B 83, 184419 (5 pages) (2011).
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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 et al., “Bandgap science for organic solar
cells”, Electronics, 3, 351-380 (2014).

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

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

Organic solar cells have been intensively studied due

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

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

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

Fig. 1 Concept of blended junction.

Fig. 2 ppm-doped organic single crystal (AFM) formed by
ultra-slow deposition of 10-° nm/s having a rotating shutter.
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Solid-State NMR for Molecular Science

SIS A (NMR) [FRFRZROF OWK[E— AV
DHISEFTNESVHBAELTRESEE =AU T A
ENRICTITRBEHDOBERZRNTDIEICKD
IR CTYBEASD D FOFHSEECER I CRET
DRFOMETOEREFIILNTERT EF
NMRISHIEZE(C KD TZDERDEH N PIRLF
BICFLOUEENBEHRZFOFREVTHERNER
UCEF U BEFRNMRIFHER PREDN S RD KD
F7EIT7 AR DFVRIRER E TIFEIC
SRIFMEICHU CEAAETHD HFICERD FAD
BRAMNEEINTVETY,

SRR IV—T TR FICET RS IFIEREZEFD
e DHFRERNMRAEEZEDHRFEZTOCTNET,
NMRTEAIT SPAEMBE/ERICIE. BiEIC 250
FORNBEZZ(LSELIZEMEOERD KLU EFE
DEE. BREBRCOSITRBHICKORAEVEE
BEENOAREBZSADTENTRETT . Z DI
8. CNSONEMER B CHEAPEH B DREBRZET Y
A VU TREDASMEE(FRZERNICEER. EETE
DTEDFIRECTT . ZNOREREE 1 ERDFERITEAL
BETIC KD R FRIERE PREBRE DD FOEMAIFR
ZSHTENHRFTT . ESITREFBFR P AT LR
AT D SHE DEREIRIE DD FESN I ZRE T DT
ENAIBETT

INET A FOIUFEERECENSAERIR TR
EEBERIE A DRIEMNS B DT R AERERE
ER. BRUBEAEEDRFEZTVELILE5IC
FEEEDOBRBIERICKDIEEET RS VINTEELT,
AVITWIVYIAILAABRD HF v/ )L, RK
MY VINTBETF A TAUIN—EC-S1IEERER A1
DREBEFR RGBT, 7 LY N\A T —IRICEES5 T2
77 =0 RRDIEEHR E TSNS S FDIESEHET
IFEETOCER UL SOl FEDERZ D FiAEL
BED FESHOBERITEEMANDEHRD
MR KRS ToOTVE T,

SEH

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).

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

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

Biomolecules
Methodology

Hardware developments

developments

Molecular materials

Outline of our studies.

5) N. Uekama, T. Aoki, T. Maruoka, S. Kurisu, A. Hatakeyama,
S. Yamaguchi, M. Okada, H. Yagisawa, K. Nishimura*, S.
Tuzi*, Biochim. Biophys. Acta 1788, 2575-2583 (2009).

6) M. Yagi-Utsumi, K. Kato, and K. Nishimura*, PlosONE
11, 0146405 (1-10) (2016).

7) T. Asakura, T. Ohota, S. Kametani, K. Okushita, K. Yazawa, Y.
Nishiyama, K. Nishimura, A. Aoki, F. Suzuki, H. Kaji, A.
Ulrich, M. Williamson, Macromolecules 48, 28-36 (2015).
8) N. Ousaka, F. Mamiya, Y. lwata, K. Nishimura, and E.
Yashima, Angew. Chem. Int. Ed. 56, 791-795 (2017)
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Materials Science for Creation
of Novel Electrochemical Devices

BEIER IR F—HEORRICHT. BRks
RERALEE REOBERNEFOTVET.
B UF Y AT RE P IAR B AR D RIHED
IRIVE—F)\A ZEEEURDBAICBTED
NTWETH FRICI. B OSSR AT UTH
WERIRCES\FET) A AEHET BRHD
BECHDET INETH:, 0%, Lir, Na s EDA 4>
AU B P E B OB TON TEEL
fe b Hite oA 4V R BEBIAEE T 2EECE A ER
EMEDHIET 5. £ <EHULWEBRIEEE DI
F—F) A ZDTRMDEDINET B DI I—T
Tl KED TP =4V THBHERUR(H) ICBE L. H-
BEMEET IERERECEEMEORREST
o TV,

— IR, A AV DBNE SR DRI ISIE
EUT L A= S SBND TS (HER) DD, 11
TEENA VBRI S, HAEOAESHIEE
A AV EBCELTVETE . Hld, SREAD
SRDREEN TV BMgE FIZE OB LETE
(E°=-2.25V vs. SHE)ZH I EDS HEET
$BEICRIAL H- OB BT B EED U B8 -
ERBEBET ZTENTENE. BIXIF—BE
MESNBEFTEETE BOAFVTHD
BSH DSHAD = BFRISH AR HE—DA 1
THD BRI S A TE A S 5DET .
B B2 DRI L — T Tld H- O hHERIE T
[CHET BRARIEIE VN SYBEBE N R Y E RS
ATV H-EEEOBGERES LTS 25 E
L@z, SreLiH 1 05, (L FLSLHO) DBIRICAIIL
F Ul &5(C. LSLHOE B BREICALDTET
H-EBEBAETIBHRGEHRICEEITE
WU, HEEEFIBE U BRALE )\ DR
B ERUE U B3, COMRBRERIC, HH'
FEENEEETHET DH BV EBAEE O
WEORFOH SEEEFRUHRT) A ZDRIE
EBTIES LT, H-OA 7 EBEEORIEALE,
HEEICE T 2 EEEHET DMRCHATNE
=7,

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 LazxySrxslLiH1440sy (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-.

SEN®

1) 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).

2) 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[Lio.2Nio.18C00.0sMno.ss]O2 through
Combination of Al2Os-based Surface Modification and
Stepwise Pre-cycling,” J. Power Sources 303, 250-256 (2016).
3) G. Kobayashi, A. Yamada, S. Nishimura, R. Kanno, Y.
Kobayashi, S. Seki, Y. Ohno, H. Miyashiro, “Shift of
Redox Potential and Kinetics in Lix(MnyFe.,)POa4,” J.
Power Sources 189(1), 397-401 (2009).

4) G. Kobayashi, S. Nishimura, M.-S. Park, R. Kanno, M.
Yashima, T. Ida and A. Yamada, “Isolation of Solid
Solution Phases in Size-Controlled LixFePO.4 at Room
Temperature,” Adv. Funct. Mater. 19(3), 395-403 (2009).
5) S. Nishimura, G.Kobayashi, K. Ohoyama, R. Kanno, M. Yashima
and A. Yamada, “Experimental visualization of lithium
diffusion in LikFePQOa,” Nature Mater. 7, 707-711 (2008).
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Operation and Design Principles of Biological Molecular Machines

4 BB SE LDEE CRISN D FHMDSZZ T
WE I I VINIE T TEIERD FHME. 20164
J—NINEZETEEE SO AT FHMKIDEE
DICEBNIEEEFIELTITH AT FHREMDKSIC
ABEDBEICGERET T D ERIIETETCVLE R A.fhle
BIEMEL DERD FHMDEIE O Z D RAICIE
WERD FRMZRIDITEZRFETD. LWL 7 T
O—FT. ZOIERRIEEERERIEZRASHICLET .

1. D FRERICE S R BEER D FRMDIE
FRIEEMALE I RS FRIBOARLIE AT R
F—E—HEEDER T BN FE—Y—CI,
WeBRRUZF7RFE—F—2-9PEEGEIFE—
& =9 FMEL TVK T HIA L ) 1 FIRBIDIRELE
BOEREBARENET DFFF—E LS —EF29
—AAICEE T DT A FE—F—TI NN
ATPTIRIELL—ILTH DL EDDEDIRILF—T.
STV FRIVEDERDUZT R FE—T LI
EBRENELELEODIIT K cBEB D FE—5Y—
V-ATPaseldd 8, 772 0E%Z T U CATPD{EZE T
WF—EAFVDESIEFINT Vv )V EBEEIRY
BIENTEFTT . INSIEATH FHEMICITERTE
TUOWEWLWEESHEEECTT .

2. E D FHWZERD A BIERARICFELEN
FUWERD FRMZRIDCEICTF L YILTVE
G AR D FHRBICEERBED R LB DHFEL
FTIAAA+T7SU—([FZDRKRAFITN. V-ATPased
CDT7EV—CBUETIAFET REL AUABES
DICHREEZHIER T I SHERRCRDEERE®
RENERMERZIMEL.V-ATPase. BILS—E. .+
FF—THREZEBBNICINEL CE IR ERIET
D RIEZIEHRLE T 10,

3. ERD FRMOREEEZERAD ERAND S
(&1 FEHALEZ 873 F R D ERERERAT (CEREL
FIN A, TSXEZYIF /TO—JZRAVER B
UIBRERE 1 D FEHRIDORFAEZTOTNE 01013,
Tl EFRD FRBOR ZRBRDXRERIBEHETD
IoCTVFET,
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1) lino R, et al., BBA General Subjects 1862: 241-252 (2018)
2) Nakamura A, et al., Phys. Chem. Chem. Phys. 20:
3010-3018 (2018)

3) Nakamura A, et al., J. Biol. Chem. 291: 22404-22413 (2016)
4) Isojima H, lino R, et al., Nat. Chem. Biol. 12: 290-297 (2016)
5) Ueno H, Minagawa Y, et al., J. Biol. Chem. 289:
31212-31223 (2014)

6) Minagawa Y, Ueno H, et al., J. Biol. Chem. 2013 288:
32700-32707 (2013)

Activity of life is supported by molecular machines
made of proteins®). Protein molecular machines are
far superior to synthetic molecular machines in many
aspects. We elucidate operation and design principles
of protein molecular machines.

1. Understand biomolecular machines: Molecular

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

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®: 1.

3. Investigate functions and structures of

biomolecular machines: Our study is based on

state-of-the-art single-molecule techniques' 2. We
are developing new single-molecule methods such as
high-speed and high-localization precision
measurements with plasmonic nanoprobes®-¢): 1113,
We also determine crystal structures of biomolecular
machines by X-ray crystallography.

Protein molecular machines

7) lino R, Noji H. Curr. Opin. Struct. Biol. 23: 229-234 (2013)
8) lino R, et al., Curr. Opin. Struct. Biol. 31: 49-56 (2015)
9) Baba M, et al., PNAS 113: 11214-11219 (2016)

10) Yukawa A, et al., Biochemistry 54: 472—480 (2015)
11) Watanabe R, et al., Nat. Commun. 4: 1631 (2013)

12) Uchihashi T, lino R, et al., Science 333: 755-758 (2011)
13) Enoki S, et al., Anal. Chem. 87: 2079-2086 (2015)
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Bioinorganic Chemistry of Metalloproteins Responsible
for Signal Transduction

BRERA AV OERERERHRD FIREEMLH
DETDERIVINVER. EPOYPERBHPIRIV
F—RBICBNTHOMIFRENZRIELTVNDDH IS
57 MIERNERTECHRIBEDOTVBIEHHS
NTWVWE T AEMIFERACENERRIZE( LIS U. EE
RDEE G EH T DI DRHIEV AT LZERLT
WE T CDKRIFEVRAT Ll HERRIBDZ b2 =]
IREHDEI VI TVAT hEBRIUVICIBRICHIG
UCHIREADER MM I CHEFINERIDICES T2
VARV AVF 21— =Y AT LDSEBEENTLE
T IDRIGEVRAT LORICIF EREZEAFVDE
SUTWSYARAT LHBLFEL VX T ARKEH
EUT R —BREEER. — B EERFOTH D FD
KOF B VOB TIEINERETREF S T F)VICK
FANEVAT LDBSHOE T CNSDYRT LTI 5
FHICERERBA T V2SR VINOBELEY
Y—DFELTHAEET DT EICKD BT FRIR. EIL
HHIE THhYRXAy T I —DFDOER - DEENTL
TR E DR QI EEHBERIEICRI S L TLE
T F BREBA AV ZDBDONYIFILEFEL
THBET DT EIC KD  EIERERIE I CN RIS BB R
A Z Y ORERNREZEIEICHF T BIchICELSD
FIYVFU—(ERBA T VEGAH - BHHY AT L HHEEA
EEEXV AT LEF) OFRRHIE. EBYVIN\OBDE
BRHIHEE R EIRRBED R N TV T,

BAE BEEYZF B F IR D FEYZ. LU
SENHPNEFERTEZMET D ECKRD. VTF)L
TV IRV ITFIVGECES T FREERY
INOBOEEHERRERRE. SLUHRERNERERE
A FVDEBEHR O FHRIBHIAZBNELTHR
EEHTNET,
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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
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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
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dynamics, and interactions of glycosphingolipids,” NMR in
Glycoscience and Glycotechnology (K.Kato and T.Peters
ed.), RSC Publishing (Cambridge), pp161-178 (2017).
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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) RFEIRE ‘D TFHEDIATHENSERZEZ D" ZT
st 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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Membrane proteins function as checkpoints between
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1) Y. Furutani,H.Shimizu, Y.Asai, T.Fukuda, S.Oiki and H.Kandori,
“ATR-FTIR Spectroscopy Revealed the Different Vibrational
Modes of the Selectivity Filter Interacting with K*and Na* in the
Open and Collapsed Conformations of the KcsA Potassium
Channel”, J. Phys. Chem. Lett. 3, 3806-10 (2012).

2) Y. Furutani, T. Murata and H. Kandori, “Sodium or Lithium
lon-Binding-Induced Structural Changes in the K-ring of
V-ATPase from Enterococcus hirae Revealed by ATR-FTIR
Spectroscopy”, J. Am. Chem. Soc. 133, 2860-3 (2011).

3) A. Inaguma, H. Tsukamoto, H. E. Kato, T. Kimura, T. Ishizuka,
S. Qishi, H. Yawo, O. Nureki and Y. Furutani, “Chimeras of
channelrhodopsin-1 and -2 from Chlamydomonas reinhardtii
exhibit distinctive light-induced structural changes from
channelrhodopsin-2”, J. Biol. Chem. 290, 11623-34 (2015).

4) H. Tsukamoto, I-S. Chen, Y. Kubo and Y. Furutani, “A Ciliary
Opsin in the Brain of a Marine Annelid Zooplankton is
ultraviolet-Sensitive and the Sensitivity is Tuned by a Single
Amino Acid Residue”, J. Biol. Chem. 292, 12971-80 (2017).

the inside and outside of the cell

In the cell membrane, there are various kinds of
membrane proteins, such as membrane receptors
sensing external stimuli, ion channels transmitting
ions, and transporters uptaking/releasing specific
molecules. For example, visual cells in our retina
possess light receptors called rhodopsin. Bioelectrical
signals are generated in nerve cells by sodium and
potassium channels. Multidrug-resistant bacteria,
which could be problematic in hospital, possess
multidrug efflux transporter expelling various drugs.
lon pumps make membrane potential and/or proton
gradient, whose electrochemical potential is utilized
for synthesizing ATP molecules as universal
bioenergetic substance. Like these, membrane
proteins are inevitable for cellular survival and
function with elaborate molecular machineries.

In addition to three-dimensional protein structures in
atomic resolution, precise coordination structures
of ions, intramolecular and intermolecular
hydrogen-bonding networks, and structural changes
of protein in action should be analyzed for elucidating
molecular mechanisms underlying functionality of
membrane proteins. We apply infrared difference
spectroscopy to obtain these pieces of structural
information and explore molecular mechanisms of
membrane proteins. For instance, infrared difference
spectra of a potassium channel are shown in the
figure below. The spectra reflect difference in
interactions of potassium and sodium ions with
carbonyl groups constructing the selectivity filter.
From analysis of these spectra, coordination
structures of potassium and sodium ions in the
selectivity filter and their affinities can be elucidated.

(top) X-ray crystal structure of a potassium channel,
KcsA. (bottom) The ion-exchange-induced difference
infrared spectra of KcsA with different potassium-ion
concentration. The amide | bands are mainly originated
from the carbonyl groups of the selectivity filter of KcsA.
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1) Takao Osako, Kaoru Torii, Shuichi Hirata, Yasuhiro Uozumi
“Chemoselective Continuous-Flow Hydrogenation of
Aldehydes Catalyzed by Platinum Nanoparticles Dispersed in
an Amphiphilic Resin” ACS Catal. 7, 7371-7377 (2017).

2) Go Hamasaka, Tsubasa Muto, Yoshimichi Andoh, Kazushi
Fujimoto, Kenichi Kato, Masaki Takata, Susumu Okazaki,
Yasuhiro Uozumi “Detailed Structural Analysis of a
Self-Assembled Vesicular Amphiphilic NCN-Pincer Palladium
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Dynamics Calculations” Chem. Eur. J. 23, 1291-1298 (2017).

3) Heeyoel Baek, Maki Minakawa, Yoichi M. A. Yamada, Jin
Wook Han, Yasuhiro Uozumi “In-Water and Neat Batch and
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a Porous Polymeric Acid Catalyst” Sci. Rep. 6, 25925 (2016).

4) Yoichi M. A. Yamada, Yoshinari Yuyama, Takuma Sato, Shigenori
Fujikawa, Yasuhiro Uozumi “A Palladium-Nanoparticle and Silicon-
Nanowire-Array Hybrid: A Platform for Catalytic Heterogeneous
Reactions” Angew. Chem. Int. Ed. 53, 127-131 (2014).

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

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.

per Million Levels: Click Chemistry,” J. Am. Chem. Soc. 134,
9285-9290 (2012).
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Amphiphilic Resin Angew. Chem. Int. Ed. 48, 2708-2710 (2009).
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“Instantaneous Carbon-Carbon Bond Formation Using a
Microchannel Reactor with a Catalytic Membrane,” J. Am.
Chem. Soc. 128, 15994-15995 (2006).
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H.Adachi, M.Terada, “Molecular Design of a Chiral Brensted
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. 2016, 138,11353-11359.

2) N. Momiyama, H. Okamoto, J. Kikuchi, T. Korenaga, M.
Terada, “Perfluorinated Aryls in the Design of Chiral Brensted
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
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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
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"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
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Enantioselective Diels-Alder Reaction of a,3-Unsaturated
Aldehydes 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).



IEfE 817 CEZIR)

MASAOKA, Shigeyuki

1999 FEAT A T AERZR.
2004FERBAFZAZRITE
MABMBLRERT.IZ
B UNT—ILKRERELT
MREINKZEIF  BIE
ZRECT2011E2A KDIRM
200910 KD B2 5
REEIBSEDF[HAIRIV
F—EMETIE FRZRE (FHD).
TEL: 0564-59-5587

FAX: 0564-59-5589

mail: masaoka@ims.ac.jp

1999 B.S. Doshisha University
2004 Ph.D. Kyoto University

2002 JSPS Reserch Fellow
(DC2)

2004 Research Assistant
(Postdoc), University of
Liverpool, England

2005 Research Associate,
Kyushu University

2007 Assistant Professor,
Kyushu University

2009 JSTPRESTOResearcher
(-2013)

2011 Associate Professor,
Institute for Molecular
Science
Associate Professor,

The Graduate University
for Advanced Studies

{Keywords)
Metal Complex,
Water Oxidation,

Artificial Photosynthesis

WEE A IEIFZRERPS Functional Coordination Chemistry

ATHERY AT LDBEZEELBLI

EREMEF

Development of Functional Metal Complexes

for Artificial Photosynthesis

KA IRIVF—ZFIRAL T KEF®CTILI—ILED
EPERATREIR O U — VIR EDHI T . " AT G &
FNZTNSORMIE RALETNNEERDOIRIL
F—RIEN—RUCHRAR T DATREMEDHDRBD IR
F-BERITEEZ SN TVE T BADHRT IL—T
Tl EMEREDHIDIIFREZRIC LTV "EE
' ISEEL ATAGHZRIRT BIchDEETLDIC
DA TVET

B HEADMRT IL—T TlE NTHEER M DR
RICHEEED. (D RADHKERRICEH T DELVE
RS, QMAMENEL. Q) RifiFE/BTHRICKDIE
FEEIND. EWVVIIDDRM =T T AR FE AR DBEF
[CHR T TRHINLE U,

RARDHERRITTIE Y RITFES DALZEZRI
EFRNBZIVINIBERICEET DBRREESEE
(Oxygen Evolving Complex, OEC) i RIFISBEZRF A
RS U CTHRET DT EDFSNTULE T . LHL.OEC
[FEAPTOHREITHEE THD. ZDFXWOHLT
AW EFE#ETYT . ZITHRALIF.OECOBED
EDBRHZDEVERFELELLEEL CL\DNEER
FBHTET HIEMEDNHETEDDTEIELDE
ERFUc. OOV ETNEMEYICE SRR 1 /]
EFATVET  LEEOMBYICE SIS T 1> JIC
BHOE B ZfiStk1( 40 %2E I HALTHE (8%F
ERIR) Z AV R RE RIS OBEFEICRIILE LT,
BABERE [SRBEIEEELUCKD FORBE
PAREWSERREREIBE T 2D D2 DDEHH
ZHUCVWET . COBAMIRFDRREEIC DV CRE
UleETD. ZOBRFLEFRES . BIFO SRR E
BLT1,000f8 EAEL OECES LEIDTEHHAS
MNTEDFEUIZ COBRIF. TRIVF— - ERIZRIBEDE
RANEDBH DAL ERIRITOFREICEIFTeRELE
—45TI,

SEX

1) M. Okamura, M. Kondo, R. Kuga, Y. Kurashige, T. Yanai,
S. Hayami, V. K. K. Praneeth, M. Yoshida, K. Yoneda, S.
Kawata, S. Masaoka, “A pentanuclear iron catalyst
designed for water oxidation,” Nature 530, 465 (2016).

2) M. Yoshida, M. Kondo, S. Torii, K. Sakai, S. Masaoka,
“Oxygen Evolution Catalysed by a Mononuclear
Ruthenium Complex bearing Pendant -SOs™ Groups,”
Angew. Chem. Int. Ed. 54, 7981 (2015).

3) M. Yoshida, M. Kondo, T. Nakamura, K. Sakai, S. Masaoka,
“Three Distinct Redox States of an Oxo-Bridged Dinuclear
Ruthenium Complex,” Angew. Chem. Int. Ed. 53, 11519 (2014).

Artificial photosynthesis is a solar energy conversion
technology that mimics natural photosynthesis, and
considered a next big breakthrough in the research
field. Recently, we have succeeded in constructing a
highly active catalyst for the water oxidation reaction,
which is considered a bottleneck in artificial
photosynthesis. Inspired by the catalyst in the natural
photosynthetic system, we have employed a
pentanuclear iron complex as a catalyst because the
complex includes key elements to achieve efficient
catalysis: (i) multinuclear structures to facilitate
multi-electron transfer and (ii) adjacent catalytic active
sites separated to promote intramolecular O-O bond
formation. The reaction rate of the complex is more
than 1,000 times greater than the values of other
iron-based catalysts and considerably greater than
that of the natural system.

(a) Structure and (b) features of pentanuclear iron catalyst
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Origins of 24 Hour Period in Cyanobacterial Clock System
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{E2MEEERIE2E B E KD . XIRIE RSP
XHR A RALELY- = AE I (CFI A LT Ehn0iE SRR
HEICKDD FEIREEHRICEIRARR. STERZRAL
ERT—HYDIZa—yaVIRERTITET.
D FRETOXRERAICEDEATNE T . CDKRIE
HFEEIZE U T S<DESAICEY. L2 R, HfE
T2 SEREEsTAARY VI OBIFERZO 7O
TAF = FBRUTCEINEEBVETO,
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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) A. Mukaiyama et al., “A protocol for preparing nucleotidefree
KaiC monomer” BIOPHYSICS 11, 79-84 (2015).

6) BUIL B, " IRAEYF LERIF DR, G (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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De novo Design of Protein Molecule
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O—F CHizEToCTLE T,

TEE 7 =/ BEESIS ED K DTFFRIRIC K DD e
HEDBEERELTUVDDH? |EWVSEREICE DB A
TERUIc. CORED IS NNIL. 7=/ BRECHIICE
DVWTHD I BIMEEE TR T DT ED K ZD
B B HDIEEEEFIR T DIMMEEI DI e 87 =
BEACT 7 BTEICT YA I DT EDARECIEDE T .IN
FCOMRICHBNT. P /BRI DFHBENSKDB.
AINUYI R BARS VR IV—TDREPRAREL DT
FHBEDSRBEDRECEETHHILZRR L.
CNODER=ZRICTVINOBT YA UilERFET D
CETHLEIVIOBEBEDT A VICHIILEUI,
SEIE.COTHA UEZRRSEDIET . EHD
AR DYV I\ OB =T U1 9 iDL ZBig
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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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Open up Future Electronics by Organic Molecules
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ZED DD > TVET . ZUCFETHEEDHHEH ZF]
RAUCERYAREOEEEEF I OREZELSE
TPBHE, LICRRELSHRENERICET ST,
BRAZEEBOBEBICRMyF (HER) 82T
EDHRF T HLRBIERTHDH T TS LIMEER
ZOFETHREICBVWTERBAIT DT EICHIIL. T/N1
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WUFEUIc. e BILEDON/OFFZ ¥ THl
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AFFREFIVEL—F—DHRTHEDONDOTEEME
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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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NTVETHELEFYIONSTIZUVICHB KD
BEFHNEHEEZESZ D EZBNELT ALY =)
AMEDSIEDF /U IERFELE U2 Klc. BiEn
BYBHRELT . RECTVRELEL IV D FOD
BEBITOTVET,

Benzene is a hexagonal molecule that consists of six
carbons and six hydrogens. Six electrons circulate
around the carbon ring, which stabilizes the molecule.
These m electrons are necessary for organic materials
to show photonic, electronic, and magnetic properties.
Benzene derivatives with some hexagons are called
aromatic compounds. We would like to synthesize
unique aromatic molecules such as Ceo fullerene.
Ceo resembles a soccer ball with twenty hexagons
and twelve pentagons. It was extracted from carbon
soot and isolated in 1990. Researchers found that Ceo
works as superconductors, ferromagnets, and n-type
semiconductors. These outstanding properties come
from its unusual structure.

To make such unique organic materials, one should
design molecules with extraordinary structures. We
have synthesized [8]circulene that has an octagon
surrounded by hexagons®. Its saddle shape looks like
a potato chip. [8]circulene works as a p-type
semiconductor. We also produced some carbon
nanorings that contain four carbazole molecules?.
Recently, we reported fully fluorinated rubrene
molecule as an n-type semiconductor?®.

SENRR

1) Y. Sakamoto and T. Suzuki, “Tetrabenzo[8]circulene:
Aromatic Saddles from Negatively Curved Graphene,”
J. Am. Chem. Soc. 135, 14074-14077 (2013).

2) Y. Kuroda, Y. Sakamoto, T. Suzuki, E. Kayahara and S.
Yamago, “Tetracyclo(2,7-carbazole)s: Diatropicity and
Paratropicity of Inner Regions of Nanohoops,” J. Org.
Chem. 81, 3356-3363 (2016).

3) Y. Sakamoto, T. Suzuki, “Perfluorinated and Half-Fluorinated
Rubrenes: Synthesis and Crystal Packing Arrangements,”
J. Org. Chem. 82, 8111-8116 (2017).

Molecular structures of C60, [8]circulene, carbazole nanoring, and perfluororubrene.
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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). DOI: 10.1021/acsphotonics.
7b01511

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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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.
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Light is electro-magnetic field, same as radio wave,
however, the measurement of the waveform of light is
not easy task even in the 21st century. The difficulty
comes from the extremely fast oscillation of the light
wave. The oscillation frequency of light wave is the
order of hundred terahertz (THz = 102 Hz), in other
words, the oscillation period of light wave is the order
of femtosecond (fs = 107'° s).

In 2013, we have developed a new method for the
measurement of light wave. It is called FROG-CEP,
frequency-resolved optical gating capable of
carrier-envelope phase determination’-®. Our
method does not need attosecond pulses, even
self-referencing is possible. The electric field oscillation
of infrared light with the period of several femtoseconds
was clearly measured with the method as is shown in
the figure below.

Currently, amplitude modulation and phase
modulation are common encoding techniques in
optical communication. If we can encode information
in the shape of the light wave itself, the communication
speed becomes 3 orders of magnitude faster. We
believe that our method, FROG-CEP, becomes very
important to realize such communication technology.

We are developing such cutting edge technologies
for ultrafast laser science 4.

5) Y. Nomura, T. Fuji, “Generation of watt-class, sub-50 fs
pulses through nonlinear spectral broadening within a
thulium-doped fiber amplifier,” Opt. Express 25, 13691-13696
(2017).

6) T Fuji, H Shirai, Y Nomura, “Development and
application of sub-cycle mid-infrared source based on
laser filamentation,” Appl. Sci. 7, 857 (2017).

Infrared light waveforms measured with FROG-CEP. The phase difference between

the two infrared pulses was clearly measured.
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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 MsoLso
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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State-of-the-art facilities supporting cutting-edge research FE

i RN SERFTMESE uvsor Synchrotron Facility

Fel. ZDIRRICK DT FRIMR. FAIFRIEHR, SR ARIHERIMR. XHR, &
BRA BB CTIFIENE T . CORLCIERRFDAZ—EICHT I ED
TEZIEENVIOMIVHIRTT . BIRILF—DEFE— LD S
BHRTRI DY oOOVKIF. HEWDRRFICBVLWCERE CHE
BEEHEL D FRFZERDBLVARSE CHRATNTOLET . H0F
BIZ AT OMEImEAN RS EERE 1983 E (CRR @ 2R e o0
FOVFER T IO EEH DIRZERE T IRE T A mREIHRD STRIHR-
FINVYRICEDRIRIVF—DYoOVHREL THRES
KEDEHER 250 CVE T TOHIEENU C B DIEEM DR
THHIETFREOEZREADITONTVE T UYSOREWVLSEFT
TSR CHISN ERDHES F RS SHIREEZ I ANTVET . UVSORJiEse
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. UVSOR®D
Synchrotron light radiated by high energy electrons traveling in a strong ToozOrOdtERULE
magnetic field is intense and highly collimated. It is widely used in EEIHEX R RRE
various research fields including molecular science. In IMS, a synchro- Scanning Transmission
tron light source has been operational since 1983. After several i g Sl

- . i . synchrotron-radiation-from
upgrades, it is still the brightest in the world among low energy synchrotron UVSOR.

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.

%%Et’yg— Instrument Center

ety - FRT—IVF /AT VA V5 —ERFHlHL—
Y—BRAR Y — DN AR ZERSL T PR19F4R8 (TR
BUFUIC. 28 Y5 —CTOEI DN AEKSRFILFHXDONMR, &
EOMEE. MARXRETEE. A0 TS ARFHXD
ESR.SQUIDERET. XIREHTEE (MR, BiER) ORRAZEIH
V==Y T L EEDHEE. RN ARERND HRELLETT,
FICARPBBFRR B ND — BRI SBHBRORN CCDRERXIRmIE
P ERAO T REWebY R T LERE L. SEMIER SN P pSEA e E
HEFAZXELUCVWE T . ER27TFENSE S/ TSy T4—LE
EHRESN. MEERFIRICKDHEARBERCINA T, MRz EL
TELDSImEEE DT AR REEFOTLE T,

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

Research Equipments and Nanotechnology Platform Program supported
by MEXT.

BER SHSETAEHISKE
High-frequency ESR Spectrometer.




ﬁlﬁﬁﬂ%g Equipment Development Center
BERFEE Cl. 0 FRIZMRICHEFIRCITRREEDRE-FHRE

ToCVET L . TLUOMOZ R MM T isE DREEGL.

BRI HEEEE T DEMEDEB SN TV iRFAMRIER=E)

DS AN DIRRE EFE(SEHEL JHEINEIRAZRREET D

BRABRBEBEOHAZFHIICEIUIIROD FRZEMRZ
KA BIHIC, KOFTEREEATD BRI CORBBHICIRDEA TV T,

FSRE PR CHMIN T EFERE T CRI Y DB RZRIEL.

EiiOERICHEHTVET,

i

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.

= NEL—] o ~ —
STERIFHAREYS

Research Center for Computational Science
EDEM—DOD FRZDFOERTERZR RO D DHEF A
FTY, STENERMRRDFREEIFBEKD . IR DREFEE
EODFRZEEINAF YA TV ADMAEISHL T KFEETIEART
BEIS ARSI EZRITCED/ \—NRIEERAETOT S LY TR ER
HUTWVEFET . EL29F 108D SIFERID2Y AT LR b UIcHsTE
SEEMEENAPFlopsD [S4BER F =2l —% | DERZRIAL.
KIHRIFE BN RIT CEDRBERELTVE T,

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 LX406Rh-2,

LX110Rh-1,LX108Th-4G and Fujitsu PRIME HPC FX10.Total performance
is 4PFlops.

igaiEd |
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Development of Apparatus

U= )b—L

Clean Room
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Electronic-Circuit

St FI=aL=%
High Performance Molecular Simulator
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Founding the research cores in advanced molecular science
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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

ERNDHABNDOHEERRA-HEFIAZEICET 55K

Serving as a core organization for domestic and international collaborations

EA-BHOHAED D FRZEHN. ERPHESEZFAL TN T,

DFRIFIRFERE, UVSOR, 8KV SHERIFIAZ 2 5 — 15 EDABYfEER
. [FEszFlA | U TERO B A1 =T —DIFREBECLLFIALTIEL
TVRT L Fe AV RIEY IR Yy — a5y —1BED
MR — KEREZICHNC. EiREREZFI AL CHE TS Z
EDH TR EEBI(CHBEECYEERF EDHR B EEEBUTVE T,
EBIC. NS VY —FSUCEMRRECH T DHRERZFALLS
DS FRAIDHEE SEMDFRFRZTE DEED T CT 5 [REMZ FA
DYEE—N—CTHEAMRZITS BRI DRELTVET . Fle.
[RFEEERRRFERYNT =T | OPILREL T 2 FRIZEECHI
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INSON\—RDT7ZRDEUHBFAEHC HEDREICET 258
Rz RD. B UV ERZRDCDDEMEFEREL T FADIRRED
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HEFAEREHR
International Joint Research
UVSORZ(Ush. FrADRS TR 2B = o O zeE CFIRRRL.

HEFA-HERAZTOCVED,
481434t (2016.10-2017.9)

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

48 projects (October 2016 - September 2017)

BHEEFBARER— TR2oEE

EENE ¥ A
SRRERR 1 10
IR 73 238
MR 10 182
EFHAS 2 41
RBEIYT7UVR 0 0
KERFERAIA 2 6
ETFEtERERFIR 224 837
UVSORIitEz%F1F 160 867
FRBAL 100 100
F/TSYNGIIRER 37 83
F /TS VNESFIA 153 438
& & 762 2,802
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KEEERARBERY ST —I DIESE Inter-University Network for Common Utilization of Research Equipments (EqNW)
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HA—Y—EULTEREINTHED. BA10,0004L EOFIFAREDHD
T, —ERIFMKIEEHADTEETY . BRI CRMEREZBATDILLL
FIRAENTA MR ZEEELL CLLBMTERSNTVET.

*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)
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>+ /57009 —=T35yNT4—LDFYWESR MEXT Nanotechnology Platform Molecule & Material Synthesis Platform
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*IMS as the core representative organization of the Molecule & Material Synthesis Platform
*Open for domestic and international universities, institutes & private companies
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1'25‘?(:11'\73‘%) Ry '\U_ga)*ggﬁ' Constructing a world-wide research network

DFRRRZEFR S BN D FRIZEMRDOHRM R EL THORBBRFREZRICLTVWET,

EEHLREHR MmO EFRFREDAMBAEL International Collaboration Programs

HFRETRFISBELE, B < OERSBOMNE. SHONEATR
BOBIAN, SO ERATRATEORE LS L, BRI
BN L T DRAVEBS T & & Ul EIR SRS e
T DI IC, Tl B KD ME DR AR AR RIAL TE
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ERHERZEERIELTCVET,

FAUA USA 14 w N
AFUR UK 2 ;
K1Y  Germany 27
IS2A France 20

Russia 1 4
ZOfth Others 76
st Total 171(AN)

-

\ 3
L‘ b A‘ ‘\\‘.

HEANFZFREDERIAER (FR28ERE) Visiting Foreign Researchers (FY2016)

¢

-
¥,

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

universities.

PHTERRSRIBEICE DR (12#R8)  International Exchange Agreements (12 organizations)
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France
Ecole Nationale Supérieure de Chimie de Paris

Germany

Helmholtz-Zentrum Berlin fir 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

Korea

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

Sungkyunkwan University

HRIAD A (68RY) Exchange Programs of SOKENDAI (6 Universities)
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Thailand

Chulalongkorn University / Faculty of Science

Kasetsart University / Faculty of Science

Mahidol University / Faculty of Science

Malaysia

University of Malaya / Faculty of Science

Singapore

Nanyang Technological University / The college of Science
Korea

University of Science and Technology
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Excellent environment nurtures next generation of molecular scientists MNBR- KRS E

RRFAIE D FRZICHIFDRTIMDIMF = #iE T DIE(F TIIE L ZEDHBZTV.BHRD D F
MEZEEO TV AMZBR T 2 EICHNZEANTNET,

4N ONTTL T Alh e LA, i ]
RO AKRFERKE FRUCTHREBETRLS
SOKENDAI The Graduate University for Advanced Studies High quality advising and facilities
DFRFRRS . HERERERAZOYERFRRE BN EER. FZEIceEh EEsa HEREEE
THEIED FRFEREREED FRIFERZEL L. R ZIESE TEDERIE TERFESEREZ TR

_ _ . o Excellent environment International conferences
FHRREOERICHBEBNICIDIBATED . KEPRET/ER for research and joint researches
T2HLDEEEEEHUTCVET,
The gtaduate students of the Graduate University for Advanced =N 0% EFRRE-TLUEY
Studies (SOKENDAI) take molecular science classes, including Jv—FILDOEDHIR EEDHEHE
chemical science, physical science, material science, and Extensive library and Technical and scientific
bioscience. online journals English education
POEE R AL T kN [— L

ﬁﬁnFﬁ'C-T-B\T«_U)ldEt Admissions ﬁﬁﬁﬁﬁﬁkﬁ*—ﬁkﬁtl&” About SOKENDAI?

DFRFREAR TR DTS SRR IRAZ OYEERZH
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If you wish to study at IMS, you need to apply for admission to B;".'—,O)B}ti)jc-y-zﬁ’o ZSDB?HTLT’“
either the Department of Structural Molecular Science or the RILBTICEE  PEDHFSTHAE

Department of Functional Molecular Science of SOKENDAI. BEOHEMHEZREZEDDITEZBIELT. I-RREETOIS A,
PHEESF— ERVVURID A HERARREL DI —JIFESE RS T
TVD D, FRDFZE I EEN S SRR CB L THToCLEFT .

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% %ﬁﬁqu;ﬂ Career after graduation

Z D Others 48 H#% Professors 26

HEBUR Associate Professors 28

R (AFRES)

Employee/research staff
in private companies

44

SBRM Lecturers 5
Bh#Y Assistant Professors 26

R RBIEBIFRR 2R

Research staff in universities, public institutes 75

20175128171 512524 Total: 252 (updated in December 2017)
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fBDARZICAIEL CVWSEL BT DZEDS4Z FRARNARRE ] LU TRAN RRES
T CVET . 2B SBF20RIEEDFEDTT LD FHRICHEL. HEICRDIBATNET .

BANKZ(BE105F) © LBEAR . KPAZ. FHEXE. TEAR. RRAZ . RRIERR. DFRLRRER
HBKZ BNAR BEXE. REEAR. BAHEAZ. FHEIERR. SREMHNZKXE.

RS2 B AR B . S A, ABRASE . BE A, MILAS, HEAS. BEAS, B CHH S
FUNASE. REERMHIIAL. SREEAL f
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Promoting widespread awareness of science in the society
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Molecular Sciegdce Forum
ERB LR RFAEDEET D FRIZ
TA—S L\ ZFABRIEL CLET . EA
HNOBLZISHRE ZAENI DR U 9T
BEZEFUHELTHRLBEDEF DI Z
ORI <BNAULTTEVLWTVET,

Efftz=7—

Knowledge Enhancement Workshop

for Science Teachers

ST DR ZHE i BRI EIREEED
—REL T EIBSTRREEiRrEn—5
U—05 T EDMmAEED—DELTT
HNTWVWSE=F—T9 . AIFTmADII\
PFEROERHBEZNRELC AEIR3
TR DIRZTE DAL THBHI604E
hSI|RED.BFITONTVET,

REZAN

Campus Tour

XTF ATV ICKDIERREE
Public Relations

B OMAHR OB EEEZR— LR~
[CIBEULCVET . Fle. pFHADHETLT
WBHERRPIC DOV TH R—LX—I KD
TBUVEEIFEFET.
https://www.ims.ac.jp/
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Comm tivities

5E7ES < DOAICHI> TIEL et RZDZANZTo T W
T HFRERREZFUS. RITmDIAFRNEEREF EBFC
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AR .
Collaboration with Okazaki City
Education Board
FRCEIEEARTEIVTEZRER
LTHSWV BZICHLTOEZR>T
B5IHIC, EICAIETADORERE
WREL T BIBSHRAOMARENEE
KREITOTCVETD,

A=I\=TA ZIANA T =)
Super Sciefice Highschgol
NEREISE A DEE L e Bl Rl R
BEREZERNIITOBEFRR(R—
IN=YA TIRINA R —)L)EE .
BRI RREEEL CGHEL CLE Y,
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Open Campus

R CITONTUVBEBEICDWT LK —RDH L
[CERR7Z RO TVELfcs . SFE (T 1 B — R B7ZE
ToTCVET . REER(FEH30FE10R20B8FE) &
KREOLHVCEBERFERLIEANINETVET,

WEARIFMZREE BIRIHERRER

Common Facilities in Okazaki

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

FIREREELE S BIFIHFTFADORE. ME
LN BB REL. EEBORE . £EF A
MREEHFATEET .

[FE75HhRE

BHRIERT —ER

Web of Science.

SciFinder &

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

[Available services]

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

MIEI>V 77UV AtE5—
Okazaki Conference Center
http://www.orion.ac.jp/occ/

ZMOERAN U ERMESRZRD . EOHER.
HEDEERICETDEEDIC HREDEE. I
ICE59TDCEZBNELRIERTY . KB
RK—JL200%. h=
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DTEFT,

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.

AR EIF RS B 18 HEE
Accommodation Facilities for Researchers
http://www.orion.ac.jp/lodge/

BAZENRUHAZEORZPHFAEEN S
HEFBREZEDHICHENDFRED D
DA ELTHBABRREE AR
EBE0OvY. BHAF
OvI)Hhi&HbFET .

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.
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East Gate Mishima Campus

s Faciliti EfE m2
O AZ%4&E Main Office Bldg. 2,752
@ ZEE&IE Main Laboratory Bldg. 8,857
@ EEERIE South Laboratory Bldg. 3,935
@ FHERFME 5 —# Computer Center Bldg. 2,474
® H{EERR Instrument Center (Low-temp.Div.) Bldg. 1,527
® 15 RE Chemical Materials Bldg. 1,063
@ L—Y'—4& Laser Facility Bldg. 1,053
® EBEFF®E Equipment Development Center 1,260
O MBIFHEEINHEEERIE UVSOR Synchrotron Facility 3,097
St /5—E Administration Bureau 2,371
O XZEEE Library 2,002
@ERESEE Faculty Club & Coop 1,575
® TR)LF—12>/%— Electricity Control Station 1,514
FEEY)ITREE Waste Strage 60
BEHEZ Guard Station 131
fEIF 3> T 7> Atz>2/%— Okazaki Conference Center 2,863
@ =8&0OvY Mishima Lodge 4,079
® LI 1SEBA Yamate No.1 Bldg. A 4,674
91115 1588B Yamate No.1 Bldg. B 2,303
@ |LIF2S4E Yamate No.2 Bldg. 8,703
@ | LIFF3S4E Yamate No.3 Bldg. 10,757
@|LI5F45EE Yamate No.4 Bldg. 3,813
@ |LIFF5=EE Yamate No.5 Bldg. 664
@ EERPEKILIBHEER Waste Disposal and Treatment Facility 111
@ SEACENESR High-Voltage Distribution Facility 440
@ BEAFwY Myodaiji Lodge 1,023
@ |BBP1tz>/%—1#& NIBB Center of Interuniversity Bio-Backup Project 492

44



45

EE

WERRS

TSP, BEEHEZ D [tRZeRAR] BEANEZRH]

HthOEBERCELT. IR g B BERBAFETSNRE Ebﬁrehri[i :’:;f::hBoard o scatoch

RERICIGU CBIE ST Hrvoje Petek KEIL Y/ \—TXFHIR (National Academy of Science and Engineering, Muenchen)

bETHEAEERBM[IC CEERER] Former President of Karlsruhe Institute of Technology

AT ENCEERBRRND B B MUt EHEPRARPAAREERIRE Benjamin List

FEEEEENTNET, = B EMVRN T o SR A A I E Director, Max-Planck-Institut flir Kohlenforschung
e 2 RRAEVERFRAEIR
WA BFR SEMEEASHEBCFHAMEEH 70—

BEESE

MRUEWEDAE, £E [EESERR]O-#fk O-EER 5% = LRBllERtYy 8

F - AR ERFLATDE BE Tt RERFERFREFMABBE-BIZR Ml BE BRI FIVATLRAREY TR

ECEHIPEESIECT. ATk BEFH —8 RRAZAZRIZRAFTEEUR IR EE ERSES FRZMREEHRE

NHBEERDDHDICDL OXH Bah FAZETMERFRAMERARR T Y4 RE T|L - BED FRIZFMRRERIR

TAROFBBICHUET . i g O EEMAHEER SR ERREEERRE A#x BE AN FRIZMAREER
BR  F NNKREEYMELFEMNERER B #E XVYRIEvIEtARREY 5 —HiE
BN B REBRFRFREFMERRE mE R— LEamAlpRRtrvy—trvy—K
thH EE RREEAFIETFEMREuS BMR B XSO FRFMREERE
AR B RRAFAFREZRARRERT OHE® =Hi BERstEHIFRZMRERES
BH i RRIEAFRZRIEIN SRR WA EE BEIFIVRATLRAREYY—HIR
WA %8k BEBAENSVATA—I T TESDFRAMSIE ‘L FEZ YMESFRIFMRERE

BEREIC.RDASEE [AFEZRR]O--BEE [(HEAREMZER]O-FER

BeRUOHERREFIZE A8 Eh(EAREIER) BH SM(EDAIREE) BF S—BdikkEuE) AiE |/L(DFHER)
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BEERE

BEFE-HE-ZEOBERUHERIR CTEEL. FRAROEECR T 2FRIRICOVTHRZMELE Y.

FREASTE

XERREREN SRS NI RI28EREN ST RSSEREE COSEIATHRIRICHU T BAMZMFHIEE U CEESHIFPIASTEEIL CEUTc, PHAETEZER
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Administration

M Senior Scientific Advisors

NAKAJIMA, Atsushi
Hrvoje Petek

Professor, Keio University
Professor, University of Pittsburgh

B Councillors
KIKUCHI, Noboru
HIRUMA, Akira
TAKIGAWA, Masashi
MATSUMOTO, Yoshiyasu

WForeign Councillors

President, Toyota Central R&D Labs ,Inc

President and CEO, Hamamatsu Photonics K.K.

Director/Professor, Institute for Solid State Physics (ISSP) of The University of Tokyo
Fellow, Toyota Physical and Chemical Research Institute

Eberhard Umbach

Benjamin List

Member of the Board of acatech (National Academy of Science and Engineering, Muenchen)
Former President of Karlsruhe Institute of Technology

Director, Max-Planck-Institut fir Kohlenforschung

M Advisory Committee

ARUGA, Tetsuya
KANODA, Kazushi
KOMEDA, Tadahiro
SODEOKA, Mikiko
TAKAHARA, Atsushi
TANIMURA, Yoshitaka
NAKAI, Hiromi
NISHIHARA, Hiroshi
FUJII, Masaaki
YAMAGUCHI, Shigehiro
AONO, Shigetoshi
AKIYAMA, Shuiji
EHARA, Masahiro
UOZUMI, Yasuhiro
OHMORI, Keniji
OKAMOTO, Hiromi
KATO, Koichi

KERA, Satoshi

SAITO, Shinji
YAMAMOTO, Hiroshi
YOKOYAMA, Toshihiko

Professor, Graduate School of Science, Kyoto University

Professor, Department of Applied Physics, The University of Tokyo
Professor, Institute of Multidisciplinary Research for Advanced Materials, Tohoku University (Vice-chairman)
Chief Scientist, Synthetic Organic Chemistry Laboratory, RIKEN
Professor, Institute for Materials Chemistry and Engineering, Kyushu University
Professor, Department of Chemistry, Kyoto University

Professor, Department of Chemistry & Biochemistry, Waseda University
Professor, School of Science, The University of Tokyo

Professor, Institute of Innovative Research, Tokyo Institute of Technology
Professor, ITbM, Nagoya University

Professor, Exploratory Research Center on Life and Living Systems
Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science

Professor, Exploratory Research Center on Life and Living Systems
Professor, Institute for Molecular Science

Professor, Institute for Molecular Science (Chair)

Professor, Institute for Molecular Science

Professor, Institute for Molecular Science
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D TFRZFFT (LFHX)
IMS Yamate Campus

DF IR FTRAT (BEASFHIR)
IMS Myodaiji Campus

D FEFRAR (ENRmiE)

Institute for Molecular Science
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| ] EP%BB%?:f%D‘Eﬂ From Central Japan International Airport (Centrair)
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