Wed. Mar 23, 2022

B302

Symposium | Co-Innovation Program (CIP) | Informatics for every chemist:
Fundamentals of machine/deep learning for predictive data analytics

[B302-1am] Informatics for every chemist:
Fundamentals of machine/deep

learning for predictive data analytics
Chair, Symposium organizer: Hironobu lyama, Hikaru Takaya,
Kazuhiko Sato, Kazuhiro Matsumoto
9:00 AM - 11:40 AM B302 (Online Meeting)

[B302-1am-01] 21° Century Literacy required in the age
of Digital Transformation
ONoriko Arai' (1. National Institute of
Informatics)
9:T0AM -10:10 AM

[B302-1am-02] The future of DX organic synthesis
OTakashi Ohshima' (1. Kyushu University)
10:20 AM - 10:50 AM

[B302-1am-03] Frontier of Catalyst Informatics
OTakashi Toyao'? (1. Hokkaido University, 2.
Kyoto University)
11:00AM - 11:30 AM

Symposium | Co-Innovation Program (CIP) | Informatics for every chemist:
Fundamentals of machine/deep learning for predictive data analytics

[B302-1pm] Informatics for every chemist:
Fundamentals of machine/deep

learning for predictive data analytics
Chair, Symposium organizer: Hironobu lyama, Hikaru Takaya,
Kazuhiko Sato, Kazuhiro Matsumoto
1:00 PM - 3:40 PM B302 (Online Meeting)

[B302-1pm-01] Statistical machine learning for inverse
problems in materials research
ORyo Yoshida Yoshida' (1. The Institute of
Statistical Mathematics)
1:00 PM - 2:00 PM

[B302-1pm-02] Fundamentals of molecular descriptors in
materials informatics
OYoshihiro Hayashi' (1. The Institute of
Statistical Mathematics)
2:T0 PM - 2:40 PM

[B302-1pm-03] How can synthetic chemists perform
Artificial Intelligence in synthetic
chemistry?
OAkira Yada' (1. National Institute of
Advanced Industrial Science and Technology

(AIST))
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2:50 PM - 3:20 PM

B301

Symposium | Co-Innovation Program (CIP) | Innovative rechargeable
battery toward realizing carbon neutrality

[B301-1am] Innovative rechargeable battery toward

realizing carbon neutrality
Chair, Symposium organizer: Nagatoshi Koumura, Eiji Hosono,
Masashi Okubo, Keigo Hoshina
9:00 AM - 11:10 AM B301 (Online Meeting)

[B301-Tam-01] Electrolyte design to suppress hydrogen
evolution
oSeongjae Seongjae Ko1, Atsuo Yamada' (1.
The Univ. of Tokyo)
9:10 AM - 9:40 AM

[B301-Tam-02] The properies of the zinc secondary
batteries using the organic/inorganic
hybrid separator
Osatoshi Ogawa', Mitsuzo Nogami' (1.
NIPPON SHOKUBAI Co., LTD.)
9:40 AM-10:10 AM

[B301-1Tam-03] Vertically aligned nanosheet electrodes
for fast charge storage
OWataru Sugimoto' (1. Shinshu University)
10:10 AM - 10:40 AM

[B301-Tam-04] Development of the next-generation
capacitors for future society
OShuichi Ishimoto' (1. Nippon Chemi-Con
Corp.)
10:40 AM-11:10 AM

Symposium | Co-Innovation Program (CIP) | Innovative rechargeable
battery toward realizing carbon neutrality

[B301-1pm] Innovative rechargeable battery toward

realizing carbon neutrality
Chair, Symposium organizer: Nagatoshi Koumura, Eiji Hosono,
Masashi Okubo, Keigo Hoshina
1:00 PM - 2:50 PM B301 (Online Meeting)

[B301-1pm-01] Interfacial lon Dynamics for Advanced All
Solid State Batteries
OYasutoshi Iriyama’ (1. Nagoya Univ.)
1:00 PM - 1:50 PM

[B301-1pm-02] Development of Argyrodite Type Sulfide
Solid Electrolytes and Materials for All-
Solid-State Batteries.
OTsukasa Takahashi1, Yuki Nakayama1,

Daisuke Inoue' (1. Mitsui Mining &Smelting



Co., Ltd.)
1:50 PM - 2:20 PM

[B301-1pm-03] Materials design of solid ionic conductors
toward the next-generation solid-state
batteries
OSaneyuki Ohno' (1. Kyushu University)
2:20 PM - 2:50 PM

B303

Symposium | Co-Innovation Program (CIP) | Smart chemistry for future

medical and life science
[B303-1am] Smart chemistry for future medical and

life science
Chair, Symposium organizer: Atsushi Sugasaki, Akira Chiba,
Takeshi Nagasaki, Masaru Tanaka
9:00 AM - 11:40 AM B303 (Online Meeting)

[B303-1am-01] Decellularized/inactivated tissue in
regenerative therapy: the way for clinical
trials
OTetsuji Yamaoka' (1. National Cerebral and
Cardiovascular Center Research Institute)
9:05 AM - 9:55 AM

[B303-1am-02] Biomedical applications of hydrogel with
precisely controlled structure
OTakamasa Sakai' (1. The Univ. of Tokyo)
9:55 AM - 10:25 AM

[B303-1am-03] Antithrombogenic polymer "SEC ONE
SURFACE,,," and its application on
medical devices
Ovuta Kawakatsu1, Koryu Denz, Atsushi Iwaiz,
Shohei Nakayamaz, Tomoya Ohashi3, Fumihiko
Kajii3 (1. TOYOBO CO., LTD. Medical
Equipment &Devices Department, 2. TOYOBO
CO., LTD. Medical Equipment &Devices
Development Center, 3. TOYOBO CO., LTD.
Medical Equipment &Devices Production
Center)

10:35 AM - 11:05 AM

[B303-1am-04] Research on skin irritation by high
concentration ethanol and mitigating
agents
OMasao Hara1, Rina Hattori1, Kei Sato1,
Shunsuke Sakurai1, Misaki Ishida1, Yumiko
Yamawakiz, Yuri Okanoz, Hitoshi Masaki® (1.
NOF Corporation, 2. CIEL Corporation)
11:05 AM - 11:35 AM
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Symposium | Co-Innovation Program (CIP) | Smart chemistry for future
medical and life science

[B303-1pm] Smart chemistry for future medical and

life science
Chair, Symposium organizer: Atsushi Sugasaki, Akira Chiba,
Takeshi Nagasaki, Masaru Tanaka
1:00 PM - 3:40 PM B303 (Online Meeting)

[B303-1pm-01] Post-antibody drugs: Generation of a
novel class of drug modalities based on
molecular-targeting helix-loop-helix (HLH)
peptides
Olkuo Fujii' (1. Osaka Prefecture University)
1:00 PM - 1:50 PM

[B303-1pm-02] Metabolism-Based Production of
Cardiomyocytes from Human Pluripotent
Stem Cells for Cardiac Regenerative
Therapy
oShugo Tohyama1 (1. Keio University School
of Medicine)

1:50 PM - 2:20 PM

[B303-1pm-03] Towards the industrialisation of
regenerative medicine through cell fibre
technology
OHidetoshi Hoshiya' (1. CellFiber Co., Ltd.)
2:30 PM - 3:00 PM

[B303-1pm-04] Understanding In-body molecular
communication networks for future
medicine
OTadashi Nakano' (1. Osaka City University)
3:00 PM - 3:30 PM

B204

Symposium | Medium and Long-Term Program | Condensed Electronic
Conjugation of Molecular Materials: Revisiting Electronic Conjugation

[B204-1pm] Condensed Electronic Conjugation of
Molecular Materials: Revisiting

Electronic Conjugation
Chair, Symposium organizer: Shu Seki, Hiroshi Shinokubo
1:00 PM - 3:40 PM B204 (Online Meeting)

[B204-1pm-01] Condensed Conjugation Molecular
Physics and Chemistry: Revisiting
Electronic Conjugation Leading to
Innovative Physical Properties of
Molecular Materials
Oshu Seki' (1. Kyoto University)
1:00PM - 1:15PM



[B204-1pm-02] Electron transport and crystal structure
prediction of layered molecular system
OTatsuo Hasegawa' (1. The University of
Tokyo)
1:15PM - 1:45 PM

[B204-1pm-03] Physical properties controlled by
hydrostatic pressure and uniaxial strain
OTaishi Takenobu' (1. Nagoya University)
1:45 PM - 2:00 PM

[B204-1pm-04] Creation of Novel Spin-polarization
Materials utilizing Molecular Chirality
OMasayuki Suda"?® (1. Kyoto Univ., 2. JST
PRESTO, 3. RIKEN)
2:T0 PM - 2:25 PM

[B204-1pm-05] Excellent device performance from
higher-denisty organic films
CToshinori Matsushima1, Yu Esaki1, Aoyama
Tetsuya?, Chihaya Adachi' (1. Kyushu
University, 2. RIKEN)
2:25 PM - 2:55 PM

[B204-1pm-06] Charge injection and electronic phase
transition in molecular solids
OShun Watanabe' (1. The University of
Tokyo)
2:55PM - 3:10 PM

[B204-1pm-07] Materials and Device Structures in
Organic LEDs
OJunji Kido" (1. Yamagata University)
3:10 PM - 3:40 PM

Symposium | Medium and Long-Term Program | Chemistry of curious
biological phenomena

[B204-1am] Chemistry of curious biological

phenomena
Chair, Symposium organizer: Masaki Kita, Hirokazu Arimoto
9:00 AM - 11:40 AM B204 (Online Meeting)

[B204-1am-01] Search for the therapeutic seeds for
infectious diseases from microbial
secondary metabolites
OMasato Iwatsuki' (1. Kitasato University)
9:10 AM - 9:35 AM

[B204-1am-02] Toward making unique bioactive
molecules

T (1. Nagoya University)

OKenichiro Itami
9:35 AM - 10:05 AM
[B204-1am-03] Key compounds for cell death regulation

OMikiko Sodeoka' (1. RIKEN)
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10:05 AM - 10:35 AM

[B204-1am-04] Membrane-active key natural products
interacting with lipid layers
OMICHIO MURATA MURATA! (1. Osaka
University)
10:35 AM - 11:05 AM

[B204-1am-05] Challenge of misteries of Manatabi
reaction of cats, a classic but still
facinating issue of natural product
chemsitry
OToshio Nishikawa' (1. Nagoya University)
11:05 AM - 11:35 AM

B202

Symposium | Medium and Long-Term Program | Tasks and prospects for

social implementation of artificial photosynthesis technologies
[B202-1am] Tasks and prospects for social
implementation of artificial

photosynthesis technologies
Chair, Symposium organizer: Ryu Abe, Akihiko Kudo, Hiroaki
Misawa
9:00 AM - 11:40 AM B202 (Online Meeting)

[B202-1am-01] Established output of Artificial photo
synthesis project granted by NEDO and
perspective view for its industrialization
OTohru Setoyama' (1. Mitsubishi Chemical
Corporation)

9:05 AM - 10:05 AM

[B202-1am-02] Hydrogen and selective production of
valuable chemicals for economical
artificial photosynthesis
OKazuhiro Sayama' (1. National Institute of
Advanced Industrial Science and Technology
(AIST))

10:10 AM - 10:40 AM

[B202-1am-03] Development of energy supply to houses
by artificial photosynthesis technology
OYutaka Amao' (1. Osaka City University)
10:40AM - 11:10 AM

[B202-1am-04] Recent progress in Solar-driven CO,
Reduction Reaction Systems Utilizing
Molecular Catalysts and Semiconductors
OTakeshi Morikawa' (1. Toyota Central R&D
Labs., Inc.)

11:10 AM - 11:40 AM




Symposium | Medium and Long-Term Program | Frontier of new paradigm
of molecular systems chemistry - Design and measurement of concerted
molecular functions

[B202-1pm] Frontier of new paradigm of molecular
systems chemistry - Design and
measurement of concerted molecular

functions
Chair, Symposium organizer: Kunihiko Ishii, Shun-Ichi Ishiuchi
1:00 PM - 3:40 PM B202 (Online Meeting)

[B202-1pm-01] Chem-Bio Hybrid, a Chemically
Engineered Enzyme Encapsulated in a
Molecular Cage
ODaishi Fujita' (1. Kyoto University)
1:05PM - 1:30 PM

[B202-1pm-02] Structures and functions of
supramolecules investigated by cold gas-
phase spectroscopy
OSatoru Muramatsu’ (1. Hiroshima Univ.)
1:30 PM - 1:55 PM

[B202-1pm-03] Signal-Amplification Sensing with
Functional Chemosensors
OGaku Fukuhara' (1. Tokyo Institute of
Technology)
1:55 PM - 2:20 PM

[B202-1pm-04] Efficient and robust photoreaction
regulated by multiple molecules in
pigment protein complexes
OToru Kondo' (1. Tokyo Tech.)
2:20 PM - 2:45 PM

[B202-1pm-05] Toward rational control of concerted
functions exerted by protein complexes
OTakahiro Kosugi'?** (1. Institute for
Molecular Science, 2. ExCELLS, 3. SOKENDAI,
4.]ST PRESTO)
2:45PM - 3:10 PM

[B202-1pm-06] Coordination of 5,000 cells produces
swimming and phototactic behavior in the
multicellular green alga Volvox
ONoriko Ueki' (1. Hosei University)

3:T0PM - 3:35PM

Symposium | Asian International Symposium | International Symposium on
Molecular Science - Physical Chemistry / Theoretical Chemistry,
Chemoinformatics, Computational Chemistry - Cosponsored by Japan
Society for Molecular Science

[W1-Tam] International Symposium on Molecular
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Science - Physical Chemistry /
Theoretical Chemistry, Chemoinformatics,
Computational Chemistry - Cosponsored

by Japan Society for Molecular Science
Chair, Symposium organizer: Yasuhiro Ohshima, Miho Hatanaka,
Akiyoshi Hishikawa
9:00 AM - 11:40 AM W1 (Online Meeting)

[W1-1am-01] Light-induced dynamics of molecules
probed by an ultrafast stopwatch
OJianWu' (1. East China Normal University)
9:05 AM - 9:40 AM

[W1-1am-02] Air lasing by population inversion in N2+
induced by strong-field coherent coupling
of the X, A and B states
CErik Loetstedt1, Youyuan Zhang1, Toshiaki
Ando1, Atsushi Iwasaki1, Huailiang Xu2, Kaoru
Yamanouchi' (1. The University of Tokyo, 2. Jilin
University)
9:40 AM - 10:00 AM

[W1-1am-03] Simulations of strong laser-driven
multielectron dynamics using classical and
quantum computers
OTakeshi Sato' (1. The Univ. of Tokyo)
10:00 AM - 10:20 AM

[W1-1am-04] Putting the ‘ Chemistry’ back in to
Chemical Vapour Deposition Nanomaterial
Synthesis: Insight from Quantum
Simulations
OAlister Page' (1. University of Newcastle)
10:25 AM - 11:00 AM

[W1-1am-05] lonic Liquid Kinetics on Polarizable
Electrode Surface
OTaichi Inagaki' (1. Keio University)
11:00 AM - 11:20 AM

[W1-1am-06] Multi-Scale Theoretical/Computational
Approach to Heterogeneous Catalysis
OAtsushi Ishikawa' (1. National Institute for
Materials Science)

11:20 AM - 11:40 AM

Symposium | Asian International Symposium | International Symposium on
Molecular Science - Physical Chemistry / Theoretical Chemistry,
Chemoinformatics, Computational Chemistry - Cosponsored by Japan
Society for Molecular Science

[W1-1pm] International Symposium on Molecular
Science - Physical Chemistry /
Theoretical Chemistry,
Chemoinformatics, Computational



Chemistry - Cosponsored by Japan

Society for Molecular Science
Chair, Symposium organizer: Satoshi Takahashi, Yasuteru Shigeta
1:00 PM - 3:40 PM W1 (Online Meeting)

[W1-1pm-01] Computer-aided drug design and screening
of potential compounds to combat COVID-
19
OTHANYADA RUNGROTMONGKOL', Bodee
Nuthoz, Panupong Mahalapbutrs, Kamonpan
Sanachai', Supot Hannongbua', Kittikhun
Wangkanont', Supakarn Chamni', Warinthorn
Chavasiri1, Tuanjai Somboon1, Siwaporn
Boonyasuppayakorn1, Wanchai De-eknamkul1,

" (1. Chulalongkorn

Tanatorn Khotavivattana
University, 2. Mahidol University, 3. Khon Kaen
University)
1:00 PM - 1:35 PM

[W1-1pm-02] Theoretical study of copper-catalyzed atom
transfer radical addition reactions
OMegumi Kayanuma' (1. AIST)
1:35PM - 1:55 PM

[W1-1pm-03] Role of dynamics in conformational
transitions and functions of biomolecules
OToshifumi Mori' (1. Kyushu Univ.)
1:55 PM - 2:15 PM

[W1-1pm-04] Liquid-liquid phase separation in the tales
of intrinsically disordered proteins
oJie-rong Huang' (1. Institute of Biochemistry
and Molecular Biology, National Yang Ming Chiao
Tung University, Taiwan)
2:20 PM - 2:55 PM

[W1-1pm-05] The Stickers-and-Spacers Framework for
Describing Biomolecular Phase Separation
©Jeong-Mo Choi' (1. Pusan National
University)
2:55PM - 3:15 PM

[W1-1pm-06] Label-free observation of liquid-liquid phase
separation in vitro and in a living cell using
Raman microscopy
OShinji Kajimoto™? (1. Tohoku University, 2. JST
PRESTO)
3:15PM - 3:35PM

Symposium | Asian International Symposium | International Symposium on
Molecular Science - Physical Chemistry / Theoretical Chemistry,
Chemoinformatics, Computational Chemistry - Cosponsored by Japan
Society for Molecular Science
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[W1-1vn] International Symposium on Molecular
Science - Physical Chemistry / Theoretical
Chemistry, Chemoinformatics,
Computational Chemistry - Cosponsored

by Japan Society for Molecular Science
Chair, Symposium organizer: Tatsuya Ishiyama, Akiyoshi
Hishikawa
4:10 PM - 5:30 PM W1 (Online Meeting)

[W1-1vn-01] lon transport in concentrated aqueous
electrolytes for Li-ion batteries
CJonggu Jeon' (1. Institute for Basic Science)
4:10 PM - 4:45 PM

[W1-1vn-02] Theoretical Investigation of Dielectric
Constant at Monolayer Interfaces by
Polarizable Molecular Dynamics Simulation
CLin Wang'? (1. Department of Chemistry,
Tohoku Univ., 2. ESICB, Kyoto Univ.)
4:45 PM - 5:05PM

[W1-1vn-03] Understanding Charge-Transfer Reactions by
Constrained Density Functional Theory
OTatsuya Joutsuka'? (1. Ibaraki University, 2.
Frontier Research Center for Applied Atomic
Sciences)

5:05 PM - 5:25 PM

Symposium | Asian International Symposium | Asian International
Symposium - Coordination Chemistry and Organometallic Chemistry -

[W2-1am] Asian International Symposium -
Coordination Chemistry and

Organometallic Chemistry -
Chair, Symposium organizer: Hisako Hashimoto, Teppei Yamada,
Takahiko Kojima, Ryotaro Matsuda, Aiko Fukazawa, Shigeyuki
Masaoka, Yoshiaki Nishibayashi, Hisashi Shimakoshi
9:00 AM - 11:40 AM W2 (Online Meeting)

[W2-1am-01] Stimuli-Responsive Porous Crystals
OHiroshi Sato' (1. RIKEN)
9:05 AM - 9:25 AM

[W2-1am-02] lon-Conductive Porous Crystals
OMasaaki Sadakiyo' (1. Tokyo Univ. Sci.)
9:25 AM - 9:45 AM

[W2-1am-03] Electrically Conductive Metal-Organic
Frameworks
OSarah Sunah Park’ (1. Pohang University of
Science and Technology (POSTECH))
9:45 AM - 10:15 AM



[W2-1am-04] Photocatalysis Utilizing Photoinduced
Electron Transfer Coupled Phase Migration
OAkinobu Nakada'? (1. Chuo University, 2.
PRESTO/JST)
10:30 AM - 10:50 AM

[W2-1am-05] Organorhodate and -Iridate — Structure and
Reactivity—
OTakanori lwasaki' (1. Grad. Sch. of Eng., The
University of Tokyo)
10:50 AM - 11:10 AM

[W2-1am-06] Recent Advance in the Chemistry of Low-
Coordinate Low-Valent Transition-Metal
Complexes
OLiang Deng1 (1. Shanghai Insitute of Organic
Chemistry, CAS)
11:10 AM - 11:40 AM

B103

Symposium | Special Program | Photo and electric functions of low

dimensional material
[B103-1am] Photo and electric functions of low

dimensional material
Chair, Symposium organizer: Takuya Fujimura, Yasutaka Suzuki
9:00 AM - 11:40 AM B103 (Online Meeting)

[B103-1am-01] Stabilizing and aligning Aqua-Fe
Complexes for Replaceing TiO,
Nanoparticles
OYusuke Ide' (1. National Institute for
Materials Science)
9:05 AM - 9:28 AM

[B103-1am-02] Magnetic Property of Heterostructured
Nanosheets Film
OTakashi Yamamoto' (1. Keio Univ.)
9:28 AM - 9:51 AM

[B103-1am-03] Self-Repairing Electrocatalysts for Alkaline
Water Electrolysis Using Hybrid Metal
Hydroxides
oYoshiyuki Kuroda' (1. Yokohama National
University)
9:51 AM - 10:14 AM

[B103-1am-04] Enhanced Photochemical Reactions on
Low-dimensional Materials
OTatsuto Yui' (1. Niigata University)
10:26 AM - 10:49 AM

[B103-Tam-05] Structural colors of inorganic nanosheets

oNobuyoshi Miyamoto' (1. Fukuoka Institute
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of Technology)
10:49AM - 11:12 AM
[B103-1am-06] Speculation of formation pathway of
zeolite using ESI-MS and NMR
©Nao Tsunoji' (1. Hiroshima University)

11:12AM - 11:35 AM

Symposium | Special Program | Chemistry for Mobility Batteries

[B203-1am] Chemistry for Mobility Batteries
Chair, Symposium organizer: Nobuyuki Imanishi
9:00 AM - 11:40 AM B203 (Online Meeting)

[B203-1am-01] Innovative Batteries for Sustainabele
Mobility
OHideki Iba' (1. Toyota Motor Corporation)
9:05 AM - 9:30 AM

[B203-1am-02] Development of all-solid-state batteries
with inorganic amorphous materials
OAkitoshi Hayashi' (1. Osaka Prefecture
University)
9:30 AM - 9:55 AM

[B203-1am-03] New developments in solid electrolytes
for all-solid-state battery applications
ORyoji Kanno' (1. Tokyo Institute of
Technology)
9:55 AM - 10:20 AM

[B203-1am-04] Challenges and Perspective in Developing
Fuel Cell Materials for Vehicles
OKensaku Kodama1, Seiji Sanoz, Shintaro
Tanaka® (1. Toyota Central R&D Labs., Inc. , 2.
Toyota Motor Corporation, 3. Honda R&D
Co.,Ltd.)
10:20 AM - 10:45 AM

[B203-1am-05] Progress of research on perfluorinated
electrolyte polymer for fuel cells
Osatoru hommura' (1. AGC Inc.)
10:45AM-11:10 AM

[B203-1am-06] Current Status and Issues of
Electrocatalysts for Polymer Electrolyte
Fuel Cells
OHiroyuki UCHIDA" (1. University of
Yamanashi)

11:10AM - 11:35 AM



The Chemical Society of Japan The 102nd CSJ Annual Meeting

Symposium | Co-Innovation Program (CIP) | Informatics for every chemist: Fundamentals of machine/deep learning for
predictive data analytics

[B302-Tam] Informatics for every chemist: Fundamentals of

machine/deep learning for predictive data analytics
Chair, Symposium organizer: Hironobu lyama, Hikaru Takaya, Kazuhiko Sato, Kazuhiro Matsumoto
Wed. Mar 23, 2022 9:00 AM - 11:40 AM B302 (Online Meeting)

[B302-1am-01] 21* Century Literacy required in the age of Digital Transformation
ONoriko Arai' (1. National Institute of Informatics)
9:10 AM - 10:10 AM
[B302-1Tam-02] The future of DX organic synthesis
OTakashi Ohshima' (1. Kyushu University)
10:20 AM - 10:50 AM
[B302-1am-03] Frontier of Catalyst Informatics
OTakashi Toyao1'2 (1. Hokkaido University, 2. Kyoto University)
11:00 AM - 11:30 AM
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(ESTI AR |, — AR AN O 720 ORVERFZRAT ) OB T

(National Institute of Informatics!, Institute of Science for Education?) ONoriko Arai

Keywords : Reading Skill, 21* Century Literacy, Artificial Intelligence
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The future of DX organic synthesis ('Graduate School of Pharmaceutical Sciences, Kyushu

University) O Takashi Ohshima'

Grant-in-Aid for Transformative Research Areas (A) “Digitalization-driven Transformative
Organic Synthesis” was launched. This Research Area aims to build our own digitization
platform (PF) for digital organic synthesis (interdisciplinary fusion of experimental and
information science) that leads to disruptive innovation in organic synthesis. Three Research
Groups AO1 (deepening reaction control with Al support), A02 (deepening synthetic methods
with Al support), and A03 (deepening Al methods to support organic synthesis) will work
together to conduct this research. We will develop three automated systems for (1) reaction
conditions optimization, (2) synthetic pathway search, and (3) molecular design of highly
complex molecules to demonstrate their effectiveness in discovering innovative basic reactions.
We will also demonstrate the industrial utility of this PF by (4) developing batch-to-flow
conversion methods, (5) constructing automated synthesis systems, and (6) applying it in multi-
step molecular conversion reactions.

Keywords : Digi-TOS; Artificial Intelligence; Machine Learning, Flow Reaction, Auto-
Synthesis
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Frontier of Catalyst Informatics
(\Institute for Catalysis, Hokkaido University, >ESICB, Kyoto University) Takashi Toyao,"?

Recent revolutions made in data science could have a great impact on traditional catalysis
research in both industry and academia and could accelerate the development of catalysts.
Machine learning (ML), a subfield of data science, can play a central role in this paradigm shift
away from the use of traditional approaches. In this talk, recent progress that has been made in
utilizing ML to create homogeneous and heterogeneous catalysts will be presented. The focus
of the talk is on the design, synthesis, and characterization of catalytic materials/compounds as
well as their applications to catalyzed processes.

Keywords : Catalyst informatics, Catalyst, Machine learning
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1) Ras, E. J.; Rothenberg, G. Heterogeneous Catalyst Discovery Using 21st Century Tools: A Tutorial. RSC
Adv. 2014, 4, 5963-5974.

2) Medford, A. J.; Kunz, M. R.; Ewing, S. M.; Borders, T.; Fushimi, R. Extracting Knowledge from Data
through Catalysis Informatics. ACS Catal. 2018, 8, 7403-7429.

3) Lamoureux, P. S.; Winther, K.; Garrido Torres, J. A.; Streibel, V.; Zhao, M.; Bajdich, M.; Abild-
Pedersen, F.; Bligaard, T. Machine Learning for Computational Heterogeneous Catalysis. ChemCatChem
2019, 11, 3581-3601.
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M.; Hirai, K.; Ohyama, J.; Nguyen, T. N.; Nishimura, S.; Taniike, T. The Rise of Catalyst Informatics:
Towards Catalyst Genomics. ChemCatChem 2019, 11, 1146-1152.
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Catalysis Informatics: Recent Applications and Prospects. ACS Catal. 2020, 10, 2260-2297.

(6) Takigawa, |.; Shimizu, K.; Tsuda, K.; Takakusagi, S. Machine-Learning Prediction of the d-Band Center
for Metals and Bimetals. RSC Adv. 2016, 6, 52587-52595.

(7 Toyao, T.; Suzuki, K.; Kikuchi, S.; Takakusagi, S.; Shimizu, K.; Takigawa, I. Toward Effective
Utilization of Methane: Machine Learning Prediction of Adsorption Energies on Metal Alloys. J. Phys.
Chem. C 2018, 122, 8315-8326.

(8) Suzuki, K.; Toyao, T.; Maeno, Z.; Takakusagi, S.; Shimizu, K.; Takigawa, |. Statistical Analysis and
Discovery of Heterogeneous Catalysts Based on Machine Learning from Diverse Published Data.
ChemCatChem 2019, 11, 4537-4547.

9) Ting, K. W.; Kamakura, H.; Poly, S. S.; Takao, M.; Siddiki, S. M. A. H.; Maeno, Z.; Matsushita, K;
Shimizu, K.; Toyao, T. Catalytic Methylation of M-xylene, Toluene, and Benzene Using CO2 and H:
over TiOz-supported Re and Zeolite Catalysts: Machine-Learning-Assisted Catalyst Optimization. ACS
Catal. 2021, 11, 5829-5838.

(10) Mine, S.; Takao, M.; Yamaguchi, T.; Toyao, T.; Maeno, Z.; Hakim Siddiki, S. M. A.; Takakusagi, S.;
Shimizu, K.; Takigawa, I. Analysis of Updated Literature Data up to 2019 on the Oxidative Coupling of
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Statistical Machine Learning for Inverse Problems in Materials Research ('The Institute of
Statistical Mathematics, Research Organization of Information and Systems, *National
Institute for Materials Science) ORyo Yoshida'-

Data-driven science is advancing rapidly and transform the world around us. As such,
machine learning has received considerable attention as a key driver to the next frontier of
materials science, enabling us to reap substantial time and cost savings in the discovery and
development of innovative materials. The objective of designing materials is to identify a set
of design variables that exhibits desired properties. Here, we conduct a two-stage workflow
that consists of forward and backward predictions. The objective of the forward problem is to
predict the properties of any given design variable. The task of the inverse problem is to identify
promising design candidates that exhibit desired properties by solving the inverse mapping of
the forward model. This talk describes a basic concept and key technologies of machine
learning for the inverse materials design, such as, probabilistic inference using generative
machine learning models, explainable machine learning, and adaptive design of experiments.
Without going into technical details, the essence of these machine learning techniques is
illustrated with various applications taken from polymer design [1, 2, 3], computational design
of synthetic reaction routes [4], prediction and discovery of new quasicrystals [5], integration
of computational chemistry and machine learning based on adaptive design of experiments,
transition learning [6, 7, 8, 9], microstructure prediction for composite materials using deep
generative models [10]. In particular, I discuss use cases and strategies for obtaining human-
interpretable knowledge from black-box models of machine learning.

Keywords :Materials Informatics, Inverse Design; Explainable Machine Learning; Ammonium
lodide
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2):1900107 (2020).

[4] Guo et al. Bayesian algorithm for retrosynthesis. J Chem Inf Model. 60(10):4474—-4486 (2020).

[5] Liu et al. Machine learning to predict quasicrystals from chemical compositions. Advanced Materials.
33(36):2102507 (2021).
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Cent Sci. 5(10):1717-1730 (2019).

[7] Ju et al. Exploring diamondlike lattice thermal conductivity crystals via feature-based transfer
learning. Physical Review Materials. 5:053801 (2021).

[8] Minami et al. A general class of transfer learning regression without implementation cost.
Proceedings of the AAAI Conference on Artificial Intelligence. 35(10):8992-8999 (2021).

[9] Torres et al. Descriptors of intrinsic hydrodynamic thermal transport: screening a phonon database
in a machine learning approach. J. Phys. Condens. Matter, in press.
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learning. Commun Mater 1, 15 (2020).
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Fundamentals of molecular descriptors in materials informatics (Data Science Center for
Creative Design and Manufacturing, Institute of Statistical Mathematics) O Yoshihiro
Hayashi

This talk presents an outline of molecular descriptors used in the field of materials
informatics. Molecular descriptors are numerical vectors that represent the characteristics of a
molecule based on its chemical structure and physicochemical properties. Representative
molecular descriptors are explained in an overview of their algorithms, features, and points to
note when using them.

Predefined fingerprints quantify the pattern of chemical structures based on the
presence/absence or frequency of predefined fragments. Some of the most famous examples
are MACCS Keys [1]. While intuitive for chemists, if the defined fragment set is redundant for
the target group of compounds, it results in a sparse vector representation where most elements
are zero.

Enumerative fingerprints, such as Extended Connectivity Fingerprint (ECFP) [2], are a
descriptor that solves this problem. ECFP counts all substructures up to the N-th proximity
atoms. In ECFP, all substructures up to the N-th proximity atoms are counted, so that the
fragment set is defined according to the input compound group. In addition, the atomic features
are propagated to neighboring atoms during the counting process, resulting in a condensed
representation of the local environment of the atoms.

In machine learning using these descriptors, features are first created, and then machine
learning is applied using the features as input. On the other hand, in recent years, an approach
to predict physical properties using graph-based neural networks such as Graph Convolutional
neural network (GCNN), which considers chemical structures as graphs and uses the graph
data as input for machine learning, has been developed [3,4]. In GCNN, a vector representation
of the local environment of an atom is created by repeatedly performing convolution operations
on nearby nodes (atoms) in the input graph, as shown in Figure 1. The weights for this
convolution are estimated from the data. The output layer is then constructed through a neural
network. In other words, the process of creating a vector of descriptors in conventional
approachesis replaced by a neural network with anarchitecture that reflects the graph structure
of the molecule, enabling learning of physical properties from chemical structures.

Detailed description will be presented in the talk on the day.

Keywords : Materials Informatics; Molecular Descriptor; Machine Learning
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Figure 1. Computation of convolutional layer of graph neural network.
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How can synthetic chemists perform Artificial Intelligence in synthetic chemistry?
(Interdisciplinary Research Center for Catalytic Chemistry (IRC3), National Institute of
Advanced Industrial Science and Technology (AIST))O Akira Yada

Considering the future of synthetic chemistry, the use of artificial intelligence (Al)
technologies such as machine learning in synthetic chemistry research is becoming essential.
However, many researchers still have questions about using Al in their chemistry, how many
hurdles there are, and how big they are to introducing Al in the first step. This lecture will
present what is necessary for synthetic chemists to utilize Al technologies for their research
based on the speaker's experience.

Keywords : Machine learning; Artificial intelligence,; Organic synthesis; Catalyst; Chemist
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1) Machine Learning Approach for Prediction of Reaction Yield with Simulated Catalyst Parameters, A.
Yada, K. Nagata, Y. Ando, T. Matsumura, S. Ichinoseki, K. Sato, Chem. Lett. 2018, 47, 284.

2) Ensemble Learning Approach with LASSO for Predicting Catalytic Reaction Rates, A. Yada, T.
Matsumura, Y. Ando, K. Nagata, S. Ichinoseki, K. Sato, Synlett 2021, 32, 1843.
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Electrolyte design to suppress hydrogen evolution ('Department of Chemical System
Engineering, The University of Tokyo) OSeongjae Ko,' Atsuo Yamada'

As an ultra-safe energy storage system, aqueous electrolyte-based batteries have been
developed over the past decades. However, the reductive decomposition of electrolyte
(hydrogen evolution reaction) has hampered the utilization of low-potential anode
materials, which is essential to increase the energy density of batteries. In this presentation,
the thermodynamic and kinetic mechanisms to suppress the hydrogen evolution reaction
will be discussed based on the salt concentration, liquid structure, cation, and anion
dependency of the electrolyte.

Keywords : Aqueous electrolytes; Aqueous batteries, Hydrate melt; Concentrated electrolytes
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1) W. Li et al., Science, 264, 5162, 1115-1118 (1994)
L. Suo et al., Science, 350, 6263, 938-943 (2015)
2) Y. Yamada et al., Nat. Energy, 1, 16129 (2016)
3) Y. Yamada et al., Nat. Energy, 1, 16129 (2016), Q. Zheng et al., Angew. Chem. Int., 58, 1-7 (2019)
S. Ko et al., Electrochem. Commun., 104, 106488 (2019)
S. Ko et al., Electrochem. Commun., 116, 106764 (2020)
4)L. Suo et al., J. Am. Chem. Soc., 139, 51, 18670-18680 (2017)
S. Ko et al., ACS Appl. Mater. Interfaces, 11,49, 4555445560 (2019)
R. Bouchal et al., Angew. Chem. Int., 132, 16047-16051 (2020)
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The development of the zinc secondary battery using the organic/inorganic hybrid separator
(*NIPPON SHOKUBAI CO., LTD. OSatoshi Ogawa,' Mitsuzo Nogami,'

The problem of dendrite growth remains unresolved in secondary zinc batteries. In order to
improve the cycle life of zinc-secondary batteries, we developed an organic/inorganic
composite separator that exhibits an inhibitory effect on short circuits caused by zinc dendrite
growth. This separator is designed to have a sufficient ionic conductivity as well as suppression
properties for preventing a short circuit. To obtain these performances, inorganic particles and
hydrophobic particles are utilized which provide no extra space and no extra electrolyte for
dendrite growth. Additionally, this material exhibits a good ionic conductivity. It was also
confirmed that the separator we developed provided the carbon-zinc hybrid capacitor with a
long life. It was also found that the carbon-zinc hybrid capacitor systems are preferable for
evaluating the cyclability of separators used for zinc secondary batteries because the system
has a good reproducibility. Consequently, the cycle life using the organic/inorganic composite
separator was more than 10 times longer than that of conventional microporous membranes.
Keywords : Zinc Battery, Dendrite, Separator, Hybrid Capacitor
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1) S. Ogawa, Y. Takazawa, H. Harada, M. Nogami, Electrochemistry. 2022, IN PRESS
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Vertically Aligned Nanosheet Electrodes for Fast Charge Storage ('Faculty of Textile Science
and Engineering, Shinshu University, *Research Initiative for Supra-Materials, Shinshu
University) Wataru Sugimoto'?

Nanosheet materials are promising electrode materials for various applications where high
surface area is a determinant factor, for example electrochemical supercapacitors. However,
the high aspect ratio of nanosheets may be disadvantageous in terms of mass transfer. Synthesis
of porous nanosheet electrodes is thus vital to achieve high capacity at high rates. Vertical
alignment of nanosheets can provide the necessary high surface area and the rapid diffusion of
ions. A simple and scalable method to synthesize vertically aligned graphene and TiO;
nanosheet electrodes will be presented and its high-rate performance as electrode materials for
electrochemical energy storage will be briefly described.

Keywords - Nanosheet; Vertical alignment; Supercapacitors; Li-ion batteries; Porous
electrodes
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1) D. Mochizuki, R. Tanaka, S. Makino, Y. Ayato and W. Sugimoto, ACS Appl. Energy Mater., 2(2),
1033 (2019).

2) W. Sugimoto, O. Terabayashi, Y. Murakami and Y. Takasu, J. Mater. Chem., 12, 3814 (2002).

3) W. Sugimoto, K. Yokoshima, K. Ohuchi, Y. Murakami and Y. Takasu, J. Electrochem. Soc., 153, A255
(2006).

4) T. Yoshida, D. Takimoto, D. Mochizuki and W. Sugimoto, Electrochemistry, 88(4), 305 (2020).
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Development of Next Generation Capacitors for Future Society (‘Basic Research Center,
Nippon Chemi-Con Corp.) O Shuichi Ishimoto,'

In order to achieve a sustainable and well-being future society, the energy storage devices
should play an increasingly important role. Supercapacitors are one of the energy storage
devices, which have excellent characteristics in terms of output performance and stability. They
currently have been used in the applications such as current peak assistance and energy
regeneration for construction equipment and automotive. As the next markets of
supercapacitors in the future society, efficient renewable energy storage and power sources for
IoT sensor nodes are especially expected because supercapacitors possess desirable
characteristics in their applications. So, we have been working on development of next
generation capacitors to meet their applications. In this presentation, we will introduce two
types of our next generation capacitors, called Super Redox Capacitor with high energy density
and Solid-State Supercapacitor with superior reliability, and discuss the future markets of
supercapacitors.

Keywords : Energy Storage Device; Supercapacitor; High Power Density, Carbon-Neutral
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Interfacial lon Dynamics for Advanced All Solid State Batteries
(‘Graduate School of Engineering, Nagoya University) O Yasutoshi Iriyama

All-solid-state rechargeable lithium batteries (SSBs) have expected as a candidate for next-
generation batteries. Formation of low-resistive electrode-solid electrolyte interface and its
stabilization within wide operating voltages are indispensable to improve the battery
performance. In this presentation, our research works in addition to recent research topics in
“ Interface IONCS” focusing on interface of SSBs will be introduced.

Keywords : all solid state battery, interface
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1) Voids formation during Li stripping reaction i
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et

Short circuit
Fig. 1 (a)A plausible short-circuit process of LLZ. (b) Cross-sectional SEM image of Li/LLZ
interface of pristine (top) and after Li plating-stripping reactions at 25 °C (middle) and 100 °C
(bottom).
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Development of Argyrodite Sulfide Solid Electrolytes and Materials for All-Solid-State
Batteries (MITSUI MINING & SMELTING CO. LTD.,) OTsukasa Takahashi, Yuki Nakayama,
Daisuke Inoue

We have been developing argyrodite-type sulfide solid electrolytes. Argyrodite-type sulfide
solid electrolytes have many excellent properties, such as high ionic conductivity,
electrochemical stability, and formability, and are expected to be the main electrolytes for next-
generation all-solid-state batteries. This solid electrolyte is a crystalline solid electrolyte with
a cubic argyrodite-type crystal structure. We have developed a high-performance electrolyte by
optimizing the composition, crystal structure and powder properties.

In this presentation, we will discuss argyrodite type sulfide solid electrolytes. In this talk, I
will explain the characteristics and potential of all-solid-state batteries using data from a
prototype all-solid-state battery.

Keywords : All-Solid-State Battery; Solid Electrolyte; Sulfide; Argyrodite
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Materials design of solid ionic conductors toward the next-generation solid-state batteries
(‘Graduate School of Engineering, Kyushu University) OSaneyuki Ohno

Solid-state batteries are attracting attention as the next-generation energy storage devices
that realize safety and high energy density. The first part of this talk will present the design
strategies of ion-conducting inorganic solids. ' As mobile ions travel through their lattice sites
via a hopping conduction mechanism, any modification of the crystal structure of the material
of interest greatly impacts the resulting ion transport.” In addition to this “static-lattice” effect,
recent studies revealed that “lattice dynamics” contribute further changes in the ionic
conductivity of inorganic superionic conductors. For instance, whereas the conventional oxides
have high electrochemical stability, more polarizable sulfides tend to possess faster ion
transport. Followed by a brief overview of materials design, challenges and perspectives of
their applications toward the next-generation solid-state batteries will be discussed with a
particular emphasis on the current issues in composite cathodes with a substantially high
interfacial area density.**

Keywords :  Solid-state batteries, Solid electrolytes, Structure-composition-transport
relationship, Li-ion conducting sulfides, sulfur cathodes
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(1) Ohno, S.; Banik, A.; Dewald, G. F.; Kraft, M. A.; Krauskopf, T.; Minafra, N.; Till, P.; Weiss, M.; Zeier, W.
G. Materials Design of lonic Conductors for Solid State Batteries. Prog. Energy 2020, 2 (2), 022001.

2) Ohno, S.; Helm, B.; Fuchs, T.; Dewald, G.; Kraft, M. A.; Culver, S. P.; Senyshyn, A.; Zeier, W. G. Further
Evidence for Energy Landscape Flattening in the Superionic Argyrodites Lis+xP1-xMxSsI (M = Si, Ge, Sn).
Chem. Mater. 2019, 31 (13), 4936-4944.

3) Ohno, S.; Rosenbach, C.; Dewald, G. F.; Janek, J.; Zeier, W. G. Linking Solid Electrolyte Degradation to
Charge Carrier Transport in the Thiophosphate-Based Composite Cathode toward Solid-State Lithium-
Sulfur Batteries. Adv. Funct. Mater. 2021, 31 (18), 2010620.

4) Ohno, S.; Zeier, W. G. Toward Practical Solid-State Lithium—Sulfur Batteries: Challenges and Perspectives.
Accounts Mater. Res. 2021, 2 (10), 869—880.
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Decellularized/inactivated tissue in regenerative therapy: the way for clinical trials
(National Cerebral and Cardiovascular Center Research Institute) (OTetsuji Yamaoka

Acellular biological scaffolds made of human or animal tissues have been attracting
attentions as biological scaffolds in regenerative medicine. We have been studying high
hydrostatic pressure (HHP) to treat cells and/or tissues. We decellularized or killed
(inactivated) cells in the tissue at 1000 or 200MPa, respectively for the purpose of two major
regenerative medicine applications. First, we have been developing ostrich carotid artery-
derived acellular vascular grafts with very thin inner diameter of 2mm and length of 30cm and
evaluated in large animals. Another application is to treat giant congenital melanocytic nevi
(GCMN). GCMN is light brown to black patch or plaque that appears at birth which has the
risk to result in malignant melanoma. We newly developed clinically-applicable HHP
instrument, treated the GCMN tissue extracorporeally to kill the nevus cells, and assess if the
treated skin tissue can be used as the autologous transplantable epidermal substitute.
Keywords : High Pressure, Acellular Scaffold, Small-diameter Blood vessel, Nevus
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1) Tissue-engineered submillimeter-diameter vascular grafts for free flap survival in rat model. H.
Yamanaka, T. Yamaoka, et al., Biomaterials, 2018, 179 156-163

2) Complete cell killing by applying high hydrostatic pressure for acellular vascular graft preparation,
A. Mahara, N. Morimoto, T. Sakuma, T. Fujisato, and T. Yamaoka, 2014, Biomed Res Int, 379607

3) An Exploratory Clinical Trial of a Novel Treatment for Giant Congenital Melanocytic Nevi

Combining Inactivated Autologous Nevus Tissue by High Hydrostatic Pressure and a Cultured
Epidermal Autograft: Study Protocol. N. Morimoto et al, 2016, JMIR Res Protoc, 5(3) €162
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Biomedical applications of hydrogel with precisely controlled
structure

(‘Graduate School of Engineering, University of Tokyo) OTakamasa Sakai'

Keywords: Hydrogels; Tetra-PEG gel; Elastic modulus; Osmotic pressure; Tendon fracture

Hydrogel is a material in which the polymeric network is swollen with a large amount of
water. It is possible to exchange substances with the surrounding environment through the
water. Because their composition and properties are similar to biological soft tissue,
hydrogels are helpful as biomaterials. When used as biomaterials, hydrogels deteriorate in
vivo due to various factors and dissolve with swelling. The swelling pressure of hydrogels is
defined as the difference between the osmotic pressure that drives the swelling, and the
elastic pressure that resists the swelling. Therefore, it is essential to understand and control
the elastic and osmotic pressures of hydrogels.

The various physical properties of polymer gels were extrapolated from those of
the single polymer chains, polymer solutions, and rubbers. However, our recent research has
revealed that the existing theories cannot explain the elastic and osmotic pressures, which
are elementary properties of polymer gels. In the presentation, we first discuss the elastic
and osmotic pressures, and will introduce hydrogels for hemostat and anti-adhesion agent.
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Elastic modulus of Polymer Gels [1]
Materials consisting of a polymeric network structure, such as rubbers and polymer gels, are
soft and stretch well. The entropy force explains the elastic property based on the second
law of thermodynamics. To confirm this experimentally, we can measure the shear
modulus's (G) temperature dependence. Using the relation Gs = 70G/0T, we can separate G
into G = Gs + Gk, the entropy contribution Gs and the energy contribution Ge. For rubber,
experiments have confirmed that G = Gs and theories describing rubber elasticity have been
developed, focusing only on entropy elasticity (Gs).

On the other hand, the theory of rubber elasticity has been conventionally (G =
Gs) used without any experimental verification for polymer gels, which are rubber swollen
by solvents. However, our recent study revealed a non-negligible negative Gg in polymer
gels (G-axis intercept of an extrapolated straight line in Fig. 1). This study investigated the
physical laws governing the negative Gg using various samples with systematically
modulated microscopic structural parameters (prepolymer binding ratio p, branching
number f, molar mass M, and concentration C) to elucidate its origin.
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We measured the 7-dependence of G for all samples and found that the
extrapolated line passes through a point (7o) on the 7-axis, independent of p (Figure 1).
Thus, the elastic modulus can be written as G = a(7 - Ty), where the first and second terms
represent the entropy contribution Gs and the energy contribution Gg, respectively. When

the C* specified by f and M was appropriately 2 . u T . w
chosen and normalized, C-dependence of Ty, Al L“ 40 kg/mol :

which governs the energy elasticity, fell on one C:30gL

master curve. This suggests that 7y is a universal g 0

function of C/C*. Analysis of the C/C* © .

dependence of 7, indicates that the physical F -
origin of the energy elasticity is most likely the Ge

interaction of the polymer chain with the solvent. 20 50 100 150 200 250 300

TIK]

Osmotic Pressure of Polymer Gels [2]

A standard theory and experiments show that the osmotic pressure of a linear polymer
solution in a good solvent is described by a universal equation of state T = f(&) (solid
black line in Fig. 2), independent of the length of the polymer chains and the type of solvent.
Here, ¢ =c/c* is a dimensionless quantity in which the polymer concentration ¢ is
normalized by the overlapping concentration c*, and Il = IIM/(cRT) is a dimensionless
quantity in which the osmotic pressure II is normalized by the molar mass M of the polymer,
the gas constant R, and the absolute temperature 7. In the semi-dilute region where polymer
chains penetrate each other, the osmotic pressure approaches asymptotically to the scaling
law:

[1=f(@) =Ke"CD (fore>1) (1)

, where K =~ 1.1 and v = 0.588 is the excluded volume index giving 1/(3v-1) = 1.31. In this
study, we measured the osmotic

i . 3
pressure during the gelation process, o i

from the sol state to the gel state, as the % .

end reaction of the polymer chain Sté

progresses. It was found that the g = A R
osmotic pressure can be described by S(llj‘ 1/¢ g
the universal equation of state (1) for g e s, 3 Fourbranched (PEON
linear polymer solutions, even though & — 1j———res=ii oo e van t Hof .
the polymers form large clusters and a oo or T
polymer network as the end reaction Reduced concentration ¢ = ¢/c*
progresses.

1) Y. Yoshikawa, N. Sakumichi, U. Chung, and T. Sakai, Physical Review X 2021, 11, 11045.
2) T. Yasuda, N. Sakumichi, U. Chung, T. Sakai, Physical Review Letters 2020, 125,
267801.

© The Chemical Society of Japan -B303-1am-02 -



B303-1Tam-03 AX{b2a B10255E2 (2022)

BRRA—TAVITMH TV I T Vel DERKBZ~DICH

( RIERR AUt RS IR, P AR AL R AP v — | PR

PRkt RS IRE 2 —) OIS HEX'. B JERE2 J&JF Bl 2 fil

FHE 20 RIEER S, R 3023

Antithrombogenic polymer "SEC ONE SURFACEmv" and its application on medical devices
('TOYOBO CO., LTD. Medical Equipment & Devices Department, “TOYOBO CO., LTD.

Medical Equipment & Devices Development Center, *TOYOBO CO., LTD. Medical

Equipment & Devices Production Center) O Yuta Kawakatsu', Koryu Den?, Atsushi Iwai?,

Shohei Nakayama?, Tomoya Ohashi®, Fumihiko Kajii®

SEC ONE SURFACEy is a terpolymer which has Hydrophilic, Hydrophobic and Water
repellent groups and also colorless viscous liquid. The three units, Hydrophilic, Hydrophobic
and Water repellent units on its side chains contribute not only to prevent foreign body
recognitions when contact with blood but also its antithrombogenicities.

Platelet adhesion test and Blood clot formation test were conducted to confirm the
antithrombogenicities on SEC ONE SURFACEtu. As shown in Figure 1 as Platelet adhesion
test, the platelet adhesion was suppressed on coated surface. Then, the blood clot formation
was prevented on coated surface as presented in Figure 2 as blood clot formation test.
Keywords : Antithrombogenic;, Hydrophilic, Hydrophobic, Water repellent
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Research on skin irritation by high concentration ethanol and mitigating agents ('NOF
Corporation, *CIEL Corporation) O Masao Hara,! Rina Hattori,! Kei Sato,! Shunsuke
Sakurai,! Misaki Ishida,' Yumiko Yamawaki,” Yuri Okano,? Hitoshi Masaki®

The global COVID-19 infection has increased the opportunities for hand sanitizer with high
concentration ethanol. Although the sanitizer is effective in inactivating the envelope virus, the
frequent use cause a higher risk of skin irritation.

In order to estimate the irritating potential of high concentration ethanol on skin, we
established an evaluation system using a secretion of proinflammatory cytokine in a
reconstructed human epidermal model. In the presentation, we will report on the irritation
caused by high concentration ethanol and the effects of mitigating agents using this evaluation

system.
Keywords : high concentration ethanol; hand disinfection; hand sanitizer; skin protection;
MPC polymer
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Post-antibody drugs: Generation of a novel class of drug modalities based on molecular-
targeting helix-loop-helix (HLH) peptides

(Department of Biological Science, Graduate School of Science, Osaka Prefecture University)
O Tkuo Fujii

Antibodies are indisputably the most successful reagents in molecular-targeting therapy.
However, use of antibodies has been limited due to the biophysical properties and the cost to
manufacture. To enable new applications where antibodies show some limitations, we have
developed an alternative-binding molecule with non-immunoglobulin domain. The molecule
is a helix-loop-helix (HLH) peptide, which is stable against enzyme degradations in vivo and
is too small to show immunogenicity. Here, we introduce our HLH molecular-targeting
peptides, termed “microAntibodes”, that show antibody-like functions, high affinity and high
specificity for the targeted proteins.

Keywords : Molecular-targeting Drug; Peptide, Directed Evolution; Drug Modality; Mid-size
Molecule
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Metabolism-Based Production of Cardiomyocytes from Human iPSCs for
Regenerative Therapy

("Keio University School of Medicine) Shugo Tohyama'

Cardiac regenerative therapy using human induced pluripotent stem cells (hiPSCs) is
a potentially promising strategy for patients with heart failure, but the inability to
eliminate residual hiPSCs and generate a massive amount of purified hiPSC-derived
cardiomyocytes (hiPSC-CMs) has been a barrier to realizing this potential.

We previously developed an innovative method for efficiently eliminating residual
undifferentiated pluripotent stem cells (PSCs) and non-cardiac cells and producing a
large number of highly purified cardiomyocytes based on metabolic profiles in hiPSCs
and hiPSC-CMs (1-5). Moreover, we revealed that tryptophan supplementation
promoted the proliferation of hiPSCs for large-scale culture (6).

We also developed an efficient transplantation system using pure hiPSC-CM
spheroids (7-8). Transplanted pure hiPSC-CM spheroids also improved cardiac
function in rat, pig, and monkey models (9). These technologies will facilitate the
clinical application of purified hiPSC-CM spheroids-mediated regenerative therapy for
heart failure patients.

Keywords :iPSCs; Cardiomyocytes; Regenerative Therapy; Metabolism; Heart Failure
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1. Tohyama S, et al. Distinct Metabolic Flow Enable Large-Scale Purification of Mouse and
Human Pluripotent Stem Cell-Derived Cardiomyocytes. Cell Stem Cell 12:127-137, 2013.

2. Tohyama S, et al. Glutamine Oxidation is Indispensable for Survival of Human
Pluripotent Stem Cells. Cell Metabolism 23:663-674, 2016.

3. Tohyama St & Fukuda Kt. Safe and Effective Cardiac Regenerative Therapy with
Human Induced Pluripotent Stem Cells. How Should We Prepare Pure Cardiac
Myocytes? Circulation Research 120:1558-1560, 2017. (1Corresponding author)

4. Tohyama S, et al. Efficient Large-Scale 2D Culture System for Human Induced
Pluripotent Stem Cells and Differentiated Cardiomyocytes. Stem Cell Reports 9:1406-
1414, 2017.

5. Tanosaki S, Tohyama St, et al. Fatty Acid Synthesis is Indispensable for Survival of
Human Pluripotent Stem Cells. iScience 2020:23:101535. (1Corresponding author)

6. Someya S, Tohyama S, et al. Tryptophan Metabolism Regulates Proliferative Capacity
of Human Pluripotent Stem Cells. iScience 2021:24:102090. (fCorresponding author)

7. Hattori F, Chen H, Tohyama S, et al. Nongenetic method for purifying stem cell-derived
cardiomyocytes. Nature methods 7: 61-66, 2010.

8. Tabei R*, Kawaguchi S, Tohyama S, et al. Development of a transplant injection device
for optimal distribution and retention of human induced pluripotent stem cell-derived
cardiomyocytes. J Heart Lung Transplant. 38:203-214, 2019.

9. Kawaguchi S, Soma Y, Tohyama §, et al. Intramyocardial Transplantation of Human
iPS Cell-Derived Cardiac Spheroids Improves Cardiac Function in Heart Failure
Animals. J Am Coll Cardiol. Basic Trans Science 2021:6:239-254.

© The Chemical Society of Japan -B303-1pm-02 -



B303-Tpm-03 BALZS HE102EFEL (2022)

M = 7 A BT & D B EEROERILZ BHIR L T

B RFF

Towards the industrialisation of regenerative medicine through cell fiber
technology

CellFiber is a startup company that commercializes cell fiber technology
developed in the Takeuchi Laboratory of the University of Tokyo. A cell fiber is a
structure in which cells are encapsulated in a gel tube about the thickness of a
hair. The cell fiber technology has the potential to rapidly manufacture high-quality
regenerative medicine products in large quantities at low cost. Cell fiber
technology can be used not only for cell proliferation and differentiation, but also
for various processes such as recovery, storage, distribution, and transplantation.
Keywords: Regenerative medicine; Cell therapy; Gene therapy; Manufacturing;
Process development
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Understanding in-body molecular communication networks for future medicine
(Graduate School of Engineering, Osaka City University) Tadashi Nakano

Molecular communication is an emerging research field in information and communications
engineering. In molecular communication, molecules are used as a carrier of information. A
key research issue in molecular communication is to understand how biological entities
communicate using molecules. In this talk, I will give an overview of molecular
communication research. I will also talk about our recent research to understand how cancer
cells communicate and migrate to collectively form a network structure.

Keywords : Molecular Communication; Network Formation, Cancer
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1) T. Nakano, A. Eckford, T. Haraguchi, Molecular Communication, Cambridge University Press (2013).
2) T. Nakano, Y. Okaie, S. Kobayashi, T. Hara, Y. Hiraoka, T. Haraguchi, “Methods and Applications of
Mobile Molecular Communication,” Proceedings of IEEE, 107(7):1442-1456 (2019).

3) T. Nakano, “Molecular Communication: A 10 Year Retrospective,” IEEE Transactions on Molecular,
Biological and Multi-Scale Communications, 3(2):71-78 (2017).

4) T. Nakano, Y. Okaie, Y. Kinugasa, T. Koujin, T. Suda, Y. Hiraoka, T. Haraguchi., “Roles of Remote
and Contact Forces in Epithelial Cell Structure Formation,” Biophysical Journal, 118(6):1466-1478
(2020).
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Condensed Conjugation Molecular Physics and Chemistry: Revisiting Electronic Conjugation
Leading to Innovative Physical Properties of Molecular Materials (Graduate School of
Engineering, Kyoto University) Shu Seki

Herein, we will establish a novel concept of intermolecular electronic conjugation, referred
to as “X”-conjugation, by revisiting thoroughly the longitude and latitude in the development
of “conjugation” in chemistry. Starting from the precise design of organic molecules with well-
confined intermolecular spaces, thermal fluctuations in the condensed phases of molecular
systems will be controlled perfectly by the wide-range/spatial alignment of intermolecular
interactions as well as the leading-edge energy dissipation theory. Such control will result in
extraordinarily high density-of-states (DOS) in the molecular substances. A series of unique
assessment techniques of opto- and magneto-electronic properties of molecular materials is
presently the central complex of the current research project, pioneering the unprecedented
properties of molecular systems with “X”-conjugation.

Keywords : Condensed Conjugation; aromaticity, antiaromaticity; X-conjugation
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1) J. Ma, S. Seki, et al., Nat. Commun. 2019, 10, 102; 2) H. Shinokubo et al., Nat. Commun. 2016, 7,
13620; D. Sakamaki, S. Seki et al., Angew. Chem. Int. Ed. 2017, 56, 16597; T. Kubo et al., J. Am. Chem.
Soc. 2016, 138, 4665; 3) O. Wallach, Ann. Chem. 1887, 238, 78; 4) C. P. Brock, B. Schweizer, J. D.
Dunitz, J. Am. Chem. Soc. 1991, 113, 9811.
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Electron Transport and Crystal Structure Prediction of Layered Molecular System (*Graduate
School of Engineering, The University of Tokyo) OTatsuo Hasegawa®

Layered molecular system composed of rod-like m-conjugated organic molecules is quite
attractive and promising to realize the condensed n-electronic conjugation system. Herein, we
present and discuss our recent studies to develop layered organic semiconductors, with
focusing on the concept of high layered crystallinity that is obtainable with unsymmetric rod-
like organic molecules composed of extended m-electron cores linked with long alkyl chains,
which are found to provide high-performance printed organic thin-film transistors. We also
argue the possibility of step-by-step crystal structure prediction of these materials.

Keywords : Organic semiconductors, Layered crystallinity, Thin-film transistors, Crystal
structure prediction
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1) S. Inoue et al., Chem. Mater. 2015, 27, 3809. 2) H. Minemawari et al., Chem. Mater. 2017, 29, 1245.
3) S. Arai et al., Adv. Mater. 2018, 30, 1707256. 4) T. Hamai et al., Phys. Rev. Appl., 2017, 8, 054011. 5)
T. Hamai et al., Phys. Rev. Mater. 2020, 4, 074601. 6) M. Yoneya et al., J. Phys. Chem. C, 2017, 121,
8796. 7) G. Kitahara et al., Sci. Adv. 2020, 6, eabc8847. 8) S. Inoue et al., Chem. Mater. 2018, 30, 5050.
9) S. Inoue et al., Chem. Sci. 2020, 11, 12493. 10) T. Higashino et al., CrystEngComm 2020, 22, 3618.
11) S. Arai et al., Adv. Funct. Mater. 2020, 30, 1906406. 12) T. Higashino et al., Chem. Mater. 2021, 33,

7379.13) S. Inoue et al., Chem. Mater. 2022, 34, 72. 14) #B&a — [HHE D351 GRAEK
SHRZY) 2015, 15) 21X, A. R. Oganov et al. Nat. Rev. Mater. 2019, 4, 331.
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Physical properties controlled by hydrostatic pressure and uniaxial strain (' Graduate School of
Engineering, Nagoya University) OTaishi Takenobu

“Hydrostatic pressure” and “uniaxial strain” can be powerful tool to control lattice parameter
and crystal symmetry of materials. Particularly, organic materials are one of the most suitable
materials to apply these methods due to their intrinsic flexibility. Here, I will introduce our
recent progress of physical properties controlled by hydrostatic pressure and uniaxial strain.
Keywords : Hydrostatic pressure; Strain, Physical properties
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1) Room-Temperature Chiral Light-Emitting Diode Based on Strained Monolayer Semiconductors. J.
Pu et al., Adv. Mater. 2021, 33, 2100601.

2) Two-dimensional ground-state mapping of a Mott-Hubbard system in a flexible field-effect device.
Y. Kawasugi et al., Sci. Adv. 2019, 5, eaav7282.

3) Electrolyte-Gating-Induced Metal-Like Conduction in Nonstoichiometric Organic Crystalline
Semiconductors under Simultaneous Bandwidth Control. H. Ito et al., Phys. Status Solidi RRL 2019,
1900162.
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Creation of Novel Spin-polarization Materials utilizing Molecular Chirality
(Graduate School of Engineering, Kyoto University, JST PRESTO, RIKEN)
OMasayuki Suda

Recently, the chiral-induced spin-selectivity effect was discovered in which chiral molecules
act as spin filters. This effect opens new possibility not only for future molecular spintronics
but also for spin-electrochemisty. In this talk, novel chiral materials which shows high spin-
polarization will be introduced and the possibility for developing new molecular spintronics
and spin-electrochemistry utilizing these materials will be discussed.

Keywords : Aziridine; Chirality; Spintronics; Chiral-induced spin-selectivity effect
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1) M. Suda et al., Nat. Commun. 2019, 10, 2455., 2) A. Inui et al., Phys. Rev. Lett. 2020, 124, 166602.
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Excellent device performance from higher-density organic films ('°CNER, Kyushu Univ.,
2RIKEN RAP) OToshinori Matsushima,' Yu Esaki,' Tetsuya Aoyama,” Chihaya Adachi'

The influences of film density and molecular orientation on the carrier conduction and air
stability of vacuum-deposited amorphous organic films of N,N'-di(1-naphthyl)-N,N'-diphenyl-
(1,1"-biphenyl)-4,4'-diamine (0-NPD) were investigated.! The substrate temperature (7sub)
during vacuum deposition had different effects on the film density and molecular orientation
of a-NPD. Film density was a concave function of Tyw; maximum density was attained at Tsup
=270-300 K [Fig. 1(a)]. a- NPD molecules were randomly oriented at Tsu» = 342 K, and their
horizontal orientation on the substrate became dominant as 7., decreased. Hole current and air
stability were clearly raised by increasing the film density by 1-2% [Fig. 1(b) and 1(c)]; these
effects were, respectively, attributed to enhanced carrier hopping between neighboring a-NPD
molecules and suppressed penetration of oxygen and water. These results imply that increasing
film density is more effective to enhance the electrical performance of organic thin-film devices
with a-NPD films than control of molecular orientation. Additionally, we demonstrated that
performance of organic light-emitting diodes is greatly influenced by T 2.

Keywords : Film density; Molecular orientation, Organic film; Carrier transport; Air stability
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Fig. 1. Plots of (a) film density, (b) current density, and (c) air stability as a function of Typ.

1) Y. Esakietal.,J. Phys. Chem. Lett. 2017, 8, 5891-5897.
2) Y. Esaki et al., Adv. Electron. Mater. 2021, 7, 2100486.
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Charge Injection and Electronic Phase Transition in Molecular Solids
(‘Graduate School of Advanced Materials Science, The University of Tokyo)
OShun Watanabe'

When high-density charge carriers are injected into a crystal, its electronic state changes
from an insulator to a metal. “Insulator—metal transition (IMT)” is a natural consequence of
the band picture based on the periodic lattice of atoms in crystals particularly with
noninteracting electrons, and can be triggered predominantly by a precise control of band filling.
During the past half century, no apparent IMT signature has been observed in organic
semiconductors, presumably because the presence of unavoidable structural disorders in
organic semiconductors is likely a limiting factor. In contrast, we successfully demonstrated a
perfect single crystal of solution-processed organic semiconductors, and realize the first
experimental observation of IMT in organic semiconductors.

Keywords : Organic Semiconductors, Insulator—Metal Transition, Single Crystals
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1) J. Tsurumi, S. Watanabe, J. Takeya, Nat. Phys. 2017, 13, 994.

2) A. Yamamura, S. Watanabe, J. Takeya, Sci. Adv. 2018, 4, aao5758
3) N. Kasuya, S. Watanabe, J. Takeya, Nat. Mater. 2021, 20, 1401.
2) Y. Yamashita, J. Takeya, S. Watanabe, Nature 2019, 572, 634.
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Materials and Device Structures in Organic LEDs (Graduate School of Organic Materials
Science, Yamagata University) Junji Kido

The performance of organic LEDs has been steadily improved and, today, OLEDs
have been widely used for smart phones and televisions. In this talk, the recent
development of high-performance OLEDs and the future prospects will be discussed.
High quantum efficiencies have been achieved by using phosphorescent emitters such
as iridium complexes. In this case, it is important to use organic materials with high
triplet excited energy levels as the host and carrier transport materials to confine the
triplet excited energy of the phosphorescent emitter. Internal quantum efficiency of
100% have achieved for phosphorescent OLEDs. Recent years, solution-processable
OLEDs with phosphorescent emitters have received attentions to lower the production
cost. In solution process, emitter materials are deposited by inkjet printing and red,
green, blue layers are patterned, and such displays have been commercialized. Recent
progress in the development of fully solution processed OLEDs will be introduced.
Keywords : OLED, phosphorescence; solution process
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Search for the therapeutic seeds for infectious diseases from microbial secondary metabolites
(‘Omura Satoshi Memorial Institute, Kitasato University, *Graduate School of Infection
Control Sciences, Kitasato University) OMasato Iwatsuki' >

Since joining The Kitasato Institute in 2002, the speaker has been consistently engaged in
discovering seed compounds for anti-infective drugs from microbial metabolites in the “Omura
Drug Discovery Group” under the guidance of Distinguished Emeritus Professor Satoshi
Omura. In this symposium, the speaker would like to introduce the anti-infective seed
compounds derived from microorganisms that I have been able to discover with many co-
workers and the efforts of students.

After joining the institute, we first conducted screening targeting bacteria and discovered
lariatins" (anti-tuberculosis agents), guadinomines® (type III secretion mechanism inhibitors
of Gram-negative pathogenic bacteria), and aogacillin® (Circumventors of arbekacin resistance
in MRSA). Since 2009, we have also screened for parasites and fungi and discovered
clonocoprogens® (anti-malarial agents) and actinoallolides” (anti-trypanosomal agents).

After the discovering some of these seed compounds, the “Omura Drug Discovery Group”
has been conducting drug discovery research (hit-to-lead, optimization, and mechanism of
action analysis).

Keywords : Microbial second metabolites; drug development, Infectious disease

R (X AL AT ZERT~ 2002 RIS AFT L CLUKR, R ESEAEDEIFED & & KA
ST N— T THAEMRHED > b FURGUEZE OAIFE > — NMEA M OERREIZ—H L T
WFELTCE T, RFEETIIINE TEL OEAE T O ZHE, FAOEROEEIIIC LY
FRTHED D Z L 3T E B R OHURIYE > — FMEEMIZ OV TR T L2 uy,

AFTZITETHEZIEN L LIz A Y U —= 7 %47V, lariatin 28 D (FURSEZTETE) |
guadinomine ¥4 (7" 7 A 299 U A O =T 20 WA HEAE B 5515 1) | aogacillin ¥4 (MRSA
ZRET 2T N TS ARTEYE) 2R T2 Z L3 TE 72, 2009 AELIRRIT AL
B, BEHEZENE LAY U —=227 34T, clonocoprogen $8 ¥ (Hi~ 7 U 77 JF ik
M) | actinoallolide 3 > (FT h U /X YV —<JFHIEM) R EZRETDHENTET,

ZNHDORIEEY — D 5 BR&D)NIFE AL I KATRIZE 7 Vv — 7N TRIZETE GRE
G, AN L OEREFRT) 2R L T\ o,

1) M. Iwatsuki, et al., J. Am. Chem. Soc. 2006, 128, 7486.
2) M. Iwatsuki, et al., J. Antibiot. 2008, 61, 222.

3) K. Takata, et al., Org. Lett. 2013, 15, 4678.

4) T. Ouchi, et al., J. Antibiot. 2020, 73, 365.

5) Y. Inahashi, ef al., Org. Lett. 2015, 17, 864.
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Toward making unique bioactive molecules (Institute of Transformative Bio-Molecules (WPI-
IThbM), Nagoya University, Graduate School of Science, Nagoya University) Kenichiro Itami

Our group has focused on catalyst-enabling synthetic chemistry with broad directions,
including applications in molecular nanocarbons, pharmaceuticals, and plant/animal chemical
biology. In this talk, I will describe about our exciting interdisciplinary research conducted at
the Institute of Transformative Bio-Molecules (ITbM) in Nagoya University, where we aim at
developing unique molecules and molecular technology for plant biology, chronobiology, live
imaging, and theoretical science.

Keywords: Synthetic chemistry, bioactive molecules; plant biology, chronobiology;
nanocarbon biology
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Key compounds for cell death regulation (‘'RIKEN Cluster for Pioneering Research,’RIKEN
Center for Sustainable Resource Science) Mikiko Sodeoka,'~

We developed IM-54 (currently commercially available as a reagent for biochemical
experiments) as a compound that selectively inhibits necrosis-like cell death induced by
oxidative stress such as peroxides, but not apoptosis, and reported it in 2005."* At that time,
necrosis was still considered to be a passive cell death with no control mechanism that occurs
when cells are severely injured. Recently, however, the existence of various types of "controlled
necrosis" such as necroptosis, pyroptosis, NETosis, and ferroptosis has been revealed. We also
developed NT compounds that selectively induce lipid peroxidation-associated necrosis at low
concentrations, which can be inhibited by IM compounds. In addition, water-soluble
derivatives of IM showed remarkable effects in a rat cardiac ischemia-reperfusion injury model,
indicating that IM-sensitive necrosis is closely related to ischemia-reperfusion injury.” On the
other hand, cell death induced by erastin, a compound found by Stockwell et al. as an anticancer
compound, was named ferroptosis in 2012 because iron plays critical role. Ferroptosis has
many similarities with necrosis induced by peroxides or NT compound, which we have been
focusing on, and IM-54 also inhibited erastin-induced ferroptosis. Furthermore, IM-54 was
found to inhibit NETosis of neutrophils, but not necroptosis or pyroptosis.”’ Recently, it has
been reported that lipid peroxidation plays an important role also in NETosis, and IM was found
to be highly selective for lipid peroxidation-mediated necrosis.”’ We are currently investigating
the regulatory mechanisms of lipid peroxidation-mediated necrosis by elucidating mechanisms
of action of IM and NT compounds. In this talk, I would like to introduce some aspects of our
research.

Keywords : Cell Death; Ferroptosis;, NETosis, Lipid Peroxidation, Indolylmaleimide
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1) M. Katoh, K. Dodo, M. Fujita, M. Sodeoka, Bioorg. Med. Chem. Lett. 2005, 15, 3109.

2) K. Dodo, M. Katoh, T. Shimizu, M. Takahashi, M. Sodeoka, Bioorg. Med. Chem. Lett. 2005, 15,
3114.

3) M. Sodeoka, K. Dodo, Chem. Rec. 2010, 10, 308.

4) K. Dodo, T. Shimizu, J. Sasamori, K. Aihara, N. Terayama, S. Nakao, K. Tuchi, M. Takahashi, M.
Sodeoka, ACS Med. Chem. Lett. 2018, 9, 182.

5) K. Dodo, E. Kuboki, T. Shimizu, R. Imamura, M. Magarisawa, M. Takahashi, T. Tokuhiro, S.
Yotsumoto, K. Asano, T. Suda, M. Tanaka, M. Sodeoka, ACS Med. Chem. Lett. 2019, 10, 1272.

6) S. Yotsumoto, Y. Muroi, T. Chiba, R. Ohmura, M. Yoneyama, M. Magarisawa, K. Dodo, N.
Terayama, M. Sodeoka, R. Aoyagi, M. Arita, S. Arakawa, S. Shimizu, M. Tanaka, Sci. Rep. 2017, 7,
16026.
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Interactions of natural products with membrane lipids are highly important for the expression
of biological functions. (Graduate School of Science, Osaka University) OMichio Murata

Molecular behavior under bilayer membrane environments is one of the important research
topics concerning how organic molecules exert their biological activities when interacting with
cellular membranes. However, chemistry-based approaches to this property have not been
successful when compared with the structural biological strategy on ligand-receptor
interactions. Here, we have investigated the molecular behavior of natural products such as
saponins and antibiotics, and revealed that there are significant differences in membrane
affinity and dynamics among ligands having different biological activities, suggesting the
specific contribution of ligand-membrane interactions to their biological activity.

Keywords : Natural product chemistry, solid-state NMR; saponin
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1) Sterol-Recognition Ability and Membrane-Disrupting Activity of Ornithogalum Saponin OSW-1
and Usual 3-O-Glycosyl Saponins. Malabed, R., Hanashima, S., Murata, M., Sakurai, K. Biochim.
Biophys. Acta, 1859, 2516-2515 (2017).

2) Interactions of OSW-1 with lipid bilayers in comparison with digitonin and soyasaponin. Malabed,
R., Hanashima, S., Murata, M., , Sakurai K. Langmuir 36, 3600-3610 (2020).

3) Modification of bafilomycin structure to efficiently synthesize solid-state NMR probes that
selectively bind to vacuolar-type ATPase. Shibata, H., Tsuchikawa, H., Hayashi, T., Matsumori, N.,
Murata, M. and Usui, T. Chem. Asia. J. 10(4), 915-924 (2015).

4) Diosgenin-induced physicochemical effects on phospholipid bilayers in comparison with
cholesterol. Ondevilla, J. C., Hanashima, S., Mukogawa, A., Umegawa, Y., Murata, M. Bioorg. Med.
Chem. Lett. 36, 127816 (2021).
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Challenge of mysteries of the Manatabi reaction of cats, old but still fascinating issue of natural
product chemistry (' Graduate School of Bioagricultural Sciences, Nagoya University)
OToshio Nishikawa'

When a domestic cat (Felis silvestris catus) encounters a plant Matatabi (4ctinidia polygama),
it behaves like euphoric rubbing and rolling, thus this phenomenon is called the Matatabi
reaction of cats. In the 1950s to 1960s, matatabilactones were isolated as the active ingredients
that evoke this reaction. However, many mysteries associated to the matatabi reaction, such as
why only felines react to matatabi and what the behavioral significance is, had not been
clarified yet. Several years ago, we initiated to investigate molecular mechanism of the
Matatabi reaction of cats and found that the matatabilactones are not enough for induction of
the Matatabi reaction in cats. Re-investigation of active component from matatabi leaves
revealed nepetalactol as new and more active compound inducing the reaction. Behavioral
analysis of cats using synthetic nepetalactol and finding of potent repellant activity of
nepetalactol against mosquitoes led us to conclude that the matatabi reaction is not simple
euphoric behavior but for chemical defense against mosquito bites. In this symposium, the
details of these studies and the latest results on the matatabi reaction will be discussed.

Keywords : cats, Matatabi reaction; iridoids, nepetalactol; repellant activity
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1) R. Uenoyama et al. Science Advances 2021, eabd9135.

© The Chemical Society of Japan - B204-1am-05 -



The Chemical Society of Japan The 102nd CSJ Annual Meeting

Symposium | Medium and Long-Term Program | Tasks and prospects for social implementation of artificial photosynthesis
technologies

[B202-1am] Tasks and prospects for social implementation of artificial

photosynthesis technologies
Chair, Symposium organizer: Ryu Abe, Akihiko Kudo, Hiroaki Misawa
Wed. Mar 23, 2022 9:00 AM - 11:40 AM B202 (Online Meeting)

[B202-1am-01] Established output of Artificial photo synthesis project granted by
NEDO and perspective view for its industrialization
STohru Setoyama1 (1. Mitsubishi Chemical Corporation)
9:05 AM - 10:05 AM

[B202-1am-02] Hydrogen and selective production of valuable chemicals for
economical artificial photosynthesis
OKazuhiro Sayama1 (1. National Institute of Advanced Industrial Science and
Technology (AIST))
10:10 AM - 10:40 AM

[B202-1am-03] Development of energy supply to houses by artificial photosynthesis
technology
OYutaka Amao' (1. Osaka City University)
10:40 AM - 11:10 AM

[B202-1am-04] Recent progress in Solar-driven CO, Reduction Reaction Systems
Utilizing Molecular Catalysts and Semiconductors
OTakeshi Morikawa' (1. Toyota Central R&D Labs., Inc.)
11:10 AM - 11:40 AM

©The Chemical Society of Japan



B202-Tam-01 AXb2S B1025S52 (2022)

Established output of Artificial photo synthesis project granted by NEDO
and perspective view for its industrialization

(Mitsubishi Chemical Corp. Science & Innovation Center) OTohru Setoyama
Keywords: Artificial Photosynthesis, Photo catalyst, water splitting, CO utilization, Reactive
separation

It has passed 10 years since the start of ARPChem project at 2012. We have conducted four
subjects as shown in Figure 1.

Development of photo catalyst for water splitting under visible light is the most important
subject. Sun light conversion to hydrogen(STH) is the key index of catalytic activity. By the
simulation study of economic feasibility of obtained
green hydrogen, we concluded that 5% or more as N o
STH is required. Furthermore, photo catalyst sheet by 1m===r £
coating of powder catalyst on support is useful for the

Water splitting

. . . __H,/OZSE aration
realization of cheap module of hydrogen production -
. . . . Green
combined with safe & selective separation membrane. Hydrogen

In order to compare the scalability by photocatalytic 1CO, !
system, Figure 2 shows the comparison of output of

photo electrode systems and photo catalyst sheet.

While photo electrode system has trade-off relation-

Reactive
Separation
MTO CoH,

Shlp between aCtIVIty and Scalablhty: phOtO CatalySt Figure 1 Four subjects of Artificial photo synthesis
sheet could exceed its limit easily.
. . - ™
10% as STH and 1ha installation of 1 Photo catalyst shect ' — A
. having scalability = "
photo catalyst sheet is the threshold - ' / Pod AR Chem
. g . One step catalyst
of commercialization. STHAY — 8 ImAlem? | Aot ‘
. \_é]H’ﬂ,ﬁ'ﬁ -/I
AS a CCU technology, reactive g Rl Qe E—
. .. Z by ph wer density L
separation of methanol synthesis is " e l Padision s .
. . . £ 0 -
very attractive from LCA view point. < Trade-off between 0 ® 0 £
i . . s activity and scalability ° -
By introducing zeolite membrane, g o -« * 5
g . . . . c L ]
Equilibrium limit can break easily, . PR L]
resulting in the very small recycle. 10 *s
®
Very selective conversion of methanol ¢
0-6

. 10
to requested olefin will be useful for 1970 1980 1900 2000 2010 2020 2030 year

Figure 2 Scalability of photo catalyst sheet as a comparison

realistic apphcatlon of CO2asa with photo electrode for water splitting

differentiation from cracker process.

We will show many results of four subjects in ARPChem project and argue their economic
feasibilities. We think that the economic feasibility is the key for the commercialization of
artificial photo synthesis even it shows enough LCA improvement.
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Hydrogen and selective production of valuable chemicals for economical artificial
photosynthesis (National Institute of Advanced Industrial Science and Technology (AIST))
Kazuhiro Sayama

This presentation reviews the recent progresses on the oxidative production of various high-
value-added chemicals using simple and inexpensive oxide semiconductor photoanodes for the
technology associated with solar-to-chemical conversion processes. The photoelectrochemical
production of oxidizing reagents can be highly economical and contribute to global warming
by replacing the conventional processes. Various oxidizing reagents and useful chemicals, such
as H,O,, HCIO, persulfates and organic compounds, can be produced photoelectrochemically
with excellent faradaic efficiencies. These photoelectrochemical processes are key
technologies enabling the expansion of solar energy utilization toward a sustainable and low-
carbon society.

Keywords : Artificial photosynthesis; H,; solar-to-chemical; photoelectrochemical production
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1) AIST LA (2020.10.9), S.Okunaka, Y. Miseki K. Sayama, iScience, 23, 101540 (2020).
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Development of energy supply to houses by artificial photosynthesis technology (Research

Center for Artificial Photosynthesis, Osaka City University) O Yutaka Amao

Although artificial photosynthesis has been expected for the long time, it has not been
realized yet.  Artificial photosynthesis technology requires solar energy and lacks the decisive
means of climate change or nighttime energy supply. In addition, although artificial
photosynthesis technology is promising in terms of renewable energy utilization, it is still
difficult to cover large-scale energy such as the entire city. In this lecture, the demonstration
of artificial photosynthesis technology for supplying energy to house is introduced. The
energy supply system for houses consists of the reduction of carbon dioxide to formic acid by
solar energy (artificial photosynthesis technology) and hydrogen production based on catalytic
decomposition of formic acid.

Keywords : Artificial photosynthesis, Carbon dioxide utilization; Hydrogen energy
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Advances in Solar-driven CO; Reduction Reaction Systems Utilizing Combinations of
Molecular Catalysts and Semiconductors (7oyota Central R&D Labs., Inc.) Takeshi Morikawa

An artificial photosynthetic reaction, which is solar-driven carbon dioxide (CO;) reduction
using water (H>O) as an electron donor and proton source, to produce high-value carbon
compounds is expected to contribute to a carbon-neutral society in the future. This is also
regarded as a technology to create light energy carriers based on CO,. Our main approach is
developing photosystems composed of metal complex molecular catalysts for CO» reduction
reaction and semiconductor materials for light absorption and charge separation. For H,O
oxidation, semiconductor photocatalysts and inorganic compounds are used. Three typical
approaches, (1) photocatalysts, (2) photoelectrodes, and (3) solar-powered electrolyzers
(combination of solar cells and electrodes) will be introduced (Figure 1).

Keywords : CO; reduction; Water; Solar Energy, Artificial Photosynthesis, Photocatalysis
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1) Solar-Driven CO; Reduction Using a Semiconductor/Molecule Hybrid Photosystem: From
Photocatalysts to a Monolithic Artificial Leaf, T. Morikawa, S. Sato, K. Sekizawa, T. M. Suzuki, T.
Arai., Acc. Chem. Res. 2021, (doi.org/10.1021/acs.accounts.1c00564)
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Chem-Bio Hybrid, a Chemically Engineered Enzyme Encapsulated
in a Molecular Cage

(‘Institute for Integrated Cell-Material Sciences (iCeMS), Kyoto University) ODaishi Fujita
Keywords: self-assembly,; protein.

Spatial isolation of molecules is often a powerful strategy for regulating their molecular
behavior. Biological systems well-employ such mechanisms, however, scientists have yet to
rival nature, particularly for macromolecular substrates. We demonstrated that a “wireframe”
molecular scaffold improves the structural and enzymatic properties of a protein encapsulated
within. Particularly, when the three-dimensionally confined enzyme was exposed to an organic
solvent, its half-life was prolonged 1000-fold. Kinetic and spectroscopic analysis of the
enzymatic reaction revealed that the key to this stability is the isolated space; this is reminiscent
of chaperonins, which use their large internal cavities to assist the folding of client proteins.
The single-molecule protein-caging affords a new type of protein-based nanobiotechnology
that accelerates molecular biology research as well as industrial applications.

Figure 1 Figure 2
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[1] D. Fujita, R. Suzuki, Y. Fujii, M. Yamada, T, Nakama, A. Matsugami, F. Hayashi, J. -K. Weng, M.
Yagi-Utsumi, M. Fujita Chem 2021, 7, 2672.

[2] D. Fujita, Y. Ueda, S. Sato, N. Mizuno, T. Kumasaka, M. Fujita Nature 2016, 540, 563.

[3] D. Fujita, Y. Ueda, S. Sato, H. Yokoyama, N. Mizuno, T. Kumasaka, M. Fujita Chem 2016, 1, 91.
[4] D. Fujita, K. Suzuki, S. Sato, M. Yagi-Utsumi, Y. Yamaguchi, N. Mizuno, T. Kumasaka, M. Takata,
M. Noda, S. Uchiyama, K. Kato, M. Fujita Nat. Commun. 2012, 3, 1093.
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Structures and functions of supramolecules investigated by cold gas-phase spectroscopy
(‘Grad. School of Advanced Science and Engineering, Hiroshima Univ.) Satoru Muramatsu

Gas-phase spectroscopy under cold condition by using a cryogenic (~4 K) ion trap is a
powerful tool to investigate host-guest interactions, by visualizing slight conformational
change of the host molecule as clear spectral difference. In this talk, I show our recent studies
particularly on crown ether complexes with ammonium ion guests; we discuss how the
structure of these molecules are determined, and demonstrate the exceptional ability of this

method to unveil the host-guest interactions.

Keywords: Host-guest chemistry, Supramolecules; Gas-phase spectroscopy; Cryogenic lon trap
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[1] Kubo, M; et al. J. Phys. Chem. A 2020, 124, 3228. [2] Goda,
R.;etal. J. Phys. Chem. 42021, 125, 10410.
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Fig. 1. (a) Schematic image of cold
gas-phase spectroscopy by using a
cryogenic ion ftrap. (b) Isomer-
selective IR spectra and corres-
ponding structure of EtNH3;*- DB18C6
complexes. Red lines are eye-guides
to show tilling of a diethyl ether
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SEICHREL S22 o —E RV SRR A
~0F. BRF. BaFHoMREICESLERZRZOHEEICRIFT~
CGRTRE) OfElt 7!
Signal-Amplification Sensing with Functional Chemosensors ('Department of Chemistry,
Tokyo Institute of Technology) OGaku Fukuhara!

Chemical sensing is one of the most challenging topics in current chemistry. Such an
analytical approach by using synthetic molecular receptors or chemosensors has attracted a
great deal of attention in recent years. In this presentation, a novel sensing method, which is
defined as “supramolecular allosteric signal-amplification sensing”, and the related results will
be discussed.

Keywords : Amplification Sensing; Chemosensor, Allosterism
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Polym. J. 2021 [Review] /

J. Photochem. Photobiol. C 2020 [Review]

1) (a) You, L.; Zha, D.; Anslyn, E. V. Chem. Rev. 2015, 115, 7840. (b) Schroeder, V.; Savagatrup, S.; He,
M.; Lin, S.; Swager, T. M. Chem. Rev. 2019, 119, 599.

2) (a) Fukuhara, G. J. Photochem. Photobiol. C 2020, 42, 100340. (b) Fukuhara, G. Polym. J. 2015, 47,
649. (c) Fukuhara, G. J. Incl. Phenom. Macrocycl. Chem. 2019, 93, 127. (d) Fukuhara, G. Polym. J. 2021,
53, 1325.
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Efficient and robust photoreaction regulated by multiple molecules in pigment protein
complexes
(Dept. of Life Sci. Tech., Tokyo Tech., JST-PRESTO) OToru Kondo

Biological system achieves high-efficiency, robustness, and multi-functionality. The
function is mediated by functional molecules embedded in a protein. While the molecular
properties are important to drive the system, I emphasize here that the protein serving as a
scaffold gives more essential advantages as the following: First, the protein has inhomogeneous
molecular binding sites, offering different physical properties even for the same type of
molecule. Second, molecular arrangements are highly optimized within the protein. Third is
the structural flexibility, leading to robustness and allowing response to environmental
perturbations. Thus, by tuning the protein scaffold, the system can obtain a variety of functions
with only few types of molecules. A lot of studies using spectroscopies, structural analyses, and
theoretical approaches, revealed arrangements and inhomogeneous properties of molecules in
proteins. However, the structural flexibility and dynamics of proteins remain poorly understood,
because the structural change is so small and often stochastic that it is averaged out and hence
not observed by conventional ensemble measurements. To overcome the limitation, I apply the
single-molecule spectroscopy. In this talk, I will discuss how the protein dynamics contribute
to the photochemical reaction in photosynthetic protein complexes, based on the fluorescence
fluctuation, cryogenic spectrum, and time-resolved signal observed at the single-molecule level.
Keywords : Single-molecule spectroscopy; Protein dynamics; Photosynthesis; Photochemical
reaction
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1) Kondo, T., et al., Chem. Rev. 2017, 117, 860-898.

2) Kondo, T., et al., Nat. Chem. 2017, 9, 772-778.

3) Kondo, T., et al., Proc. Natl. Acad. Sci. USA 2019, 116, 11247-11252.

4) Kondo, T, et al., J. Phys. Chem. Lett. 2020, 11, 3980-3986.

5) Moya, R., et al., Opt. Express 2021, 29, 28246-28246.

6) Moya, R., et al., Nat. Chem. 2022, https://doi.org/10.1038/s41557-021-00841-9.
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Toward rational control of concerted functions exerted by protein complexes (‘Institute for
Molecular Science, *ExCELLS, *SOKENDAI *JST PRESTO) OTakahiro Kosugi'***

Concerted functions of protein complexes are exerted by orchestrating the cooperative works
between the constituent subunit. No study on rational control of concerted functions have been
reported, although recently several protein design methods have been developed and native
proteins have been redesigned to regulate or change the functions. Here, we show an approach
to designing allosteric site which exerts the orchestration into protein complexes and report, by
the approach, concerted function, rotation rate, of a molecular motor V;-ATPase was

successfully regulated.
Keywords : Protein Complex, Protein Design,; Concerted Function; Allostery
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1) De Novo Design of Allosteric Control into Rotary Motor V1-ATPase by Restoring Lost Function. T.
Kosugi, T. lida, M. Tanabe, R. Iino, N. Koga, bioRyiv 2020, 2020.09.09.288571.
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Coordination of 5,000 cells produces swimming and phototactic behavior in the multicellular
green alga Volvox ('Science Research Center, Hosei University) ONoriko Ueki'

The spherical green alga Volvox, which lives in freshwater, is a simple multicellular organism
consisting of ~5,000 cells. Flagella of each cell beat to generate a large water current, allowing
the spheroid to swim forward as an individual. A Volvox spheroid steers toward light for
photosynthesis and moves to the optimal environment. These behaviors are achieved by each
cell following simple rules, not a commander or cell-cell communication. The mechanism and
its evolutionary process will be discussed.

Keywords : Multicellularity; Volvox,; Green Algae; Flagella;, Behavior
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1) How 5000 independent rowers coordinate their strokes in order to row into the sunlight: Phototaxis
in the multicellular green alga Volvox. N. Ueki, S. Matsunaga, 1. Inouye, A. Hallmann. BMC biology.
2010, 8, 103.

2) Detergent-extracted Volvox model exhibits an anterior—posterior gradient in flagellar Ca?* sensitivity.
N. Ueki, K. Wakabayashi. Proceedings of the National Academy of Sciences. 2018, 115(5), E1061-E1068.
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Light-induced dynamics of molecules probed by an ultrafast
stopwatch

(State Key Lab. of Precision Spectroscopy, East China Normal University, Shanghai 200241,
China) OlJian Wu
Keywords: ultrafast molecular dynamics; femtosecond laser pulse;

We introduce an ultrafast stopwatch to probe the light-induced dynamics of molecules
by using a polarization-skewed multicycle femtosecond laser pulse, where the starting and
stopping arms are constructed by reading the momenta of the ejected electrons and ions
measured in coincidence. Pathway-resolved dissociative single and double ionization of the
lightest hydrogen molecules are investigated to demonstrate the robust of the stopwatch.
The spatiotemporal controlled polarization-skewed pulse is also used to manipulate the
parallel and perpendicular transitions in molecules and thus the light-induced reactions.

Stopwatch

Fig. 1: Schematic illustration a stopwatch to clock the ultrafast dynamics of molecules.
1) S. Pan et al, Phys. Rev. Lett. 2021, 126, 063201. 2) Q. Ji et al, Phys. Rev. Lett. 2019, 123, 233202.

3) Q. Jietal, Phys. Rev. 42017, 96, 053423. 4) H. Li et al., Phys. Rev. Lett. 2020, 125. 053201. 5) H.
Liet al, Opt. Lett. 2020, 45, 6591.
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Air lasing by population inversion in N2* induced by strong-field
coherent coupling of the X, A and B states
(!School of Science, The University of Tokyo, *Jilin University) OZErik Létstedt,! Youyuan

Zhang,' Toshiaki Ando,' Atsushi Iwasaki,! Huailiang Xu,? Kaoru Yamanouchi'
Keywords: air lasing, strong-field excitation, molecular dynamics, numerical simulation

When an intense, femtosecond near-IR laser pulse 5 B2 N,*
is focused in air, a short (~ 1 cm) plasma column called

a filament is formed by the interplay between self-
focusing and strong-field plasma defocusing. From the
filament, unidirectional, coherent, and narrow-
bandwidth radiation in the visible and UV wavelength
range is emitted, which is referred to as air lasing. The

= . ..
2.3 AV B(v'=0) - X(v'=0
A =391 nm

emission at 391 nm, corresponding to the B*Z, (v’ = 0) X 2%
— X?Z, (v’ = 0) transition in N>* (see Fig. 1), has been ‘ / ‘
intensively studied in the past decades, because the air 1 1.2 1.4 1.6

. . . Int lear dist A
lasing at 391 nm can be produced in a wide range of _. rernteiear s ance (%) N
> - Fig. 1. Potential energy curves of N»".
experimental conditions.

However, until 2015, the mechanism and the time scale of the formation of the population
inversion between B*Z, (v’ = 0) and X?Z,"(v” = 0) of N>, resulting in the air lasing at 391 nm,
had not been understood well. In 2015, we revealed both experimentally and theoretically that
the abrupt exposure of N," to the strong laser field, which is referred to as a sudden turn-on
mechanism, combined with the population pumping from X?%,"(v” = 0) to A’I1,(v’ = 0) of N,",
is responsible for the population inversion and that the population inversion is built up on a
femtosecond time scale. In the theoretical model, we consider the time-dependent Schrodinger
equation (TDSE) for the nuclear wave packets in the X?%,", A’I1,, and B’Z," states,

5 w(r,t) wx(r,t)
in—| w,(rt) [=[T+V —E@)-p]| wa(r,t) |, (1)
ot
l//B(r!t) l//B(r!t)

where 7 is the internuclear distance, wi(r,f) is the nuclear wave packet in the electronic state £,
T is the kinetic energy operator, V' is a 3x3 matrix having the potential energy curves of the
X%%,", A1, and B°Z," states on the diagonal, E(?) is the laser field, and p is a 3x3 matrix
containing the dipole transition matrix elements. By numerically solving the TDSE, we showed
that the population inversion can be explained by the following two mechanisms: (i) after
ionization, N," starts interacting immediately with the intense laser pulse, which efficiently
induces the population transfer from the X?Z," state to the B*Z," state, and (ii) because of the
near-resonant A’I1,—~X?Z," coupling, a population is efficiently transferred to the A’[1, state,
which promotes further the population inversion between the B’Z,* state and the X?Z," state.

© The Chemical Society of Japan -W1-Tam-02 -



W1-Tam-02 The 102nd CSJ Annual Meeting

In 2019, we conducted pump-probe experiments? and showed that the B*Z,"(v’ = 0) —
X%%," (v’ = 0) lasing signal at 391 nm oscillates as a function of the pump-probe delay time at
the frequencies corresponding to the energy differences between the vibrational states in the
X%3," state and those in the A’I, state, which can be regarded as direct evidence that the
mechanism of the excitation and lasing process of N," is the coherent V-shaped A’IT,— X?Z,"—
B2Z," coupling. Recently, we further showed?® that the rotational coherence created in N> can
be clearly seen in the pump-probe delay-time dependence of the lasing signal at 391 nm. Indeed,
the rotational structure of the lasing emission at 391 nm exhibited two maxima in the R-branch
emission and the two maxima moved towards the longer wavelength as the delay time increases.
By extending our theoretical model by including the rotational degree of freedom of N»*, we
showed theoretically that the delay-time dependence of the R-branch emission spectrum can
be interpreted as a temporal evolution of a rotational wave packet created in the B*Z," state.

In order to use the air lasing for practical applications such as stand-off spectroscopic
measurements and remote sensing, it is prerequisite to increase further the lasing emission
intensity. We demonstrated experimentally* that the air lasing signal at 391 nm can be enhanced
by two orders of magnitude by employing a polarization-gated IR laser pulse having a time-
dependent polarization direction. At the peak of the pulse, an aligned N> ensemble is created
by the strong-field ionization, and during the latter half of the laser pulse, the polarization
direction is changed so that the population transfer from X*%," to A’I1, is promoted efficiently
by the A1, < X?%," transition whose transition dipole moment is perpendicular to the
molecular axis, resulting in the significant increase in the air lasing signal. Furthermore, we
revealed” that the extent of the population inversion can be increased further by combining the
polarization-modulated 800 nm laser pulse with a 1.6 um IR pulse, which induces vibrational
Raman transitions and depletes the population in the X*Z,"(v = 0) state to an almost empty
level, leading to a giant enhancement of the lasing signal at 391 nm by 5 orders of magnitude.

References

1) H. Xu, E. Létstedt, A. Iwasaki, K. Yamanouchi, Nat. Commun. 6, 8347 (2015).

2) T. Ando, E. Lotstedt, A. Iwasaki, H. Li, Y. Fu, S. Wang, H. Xu, K. Yamanouchi, Phys. Rev. Lett. 123,
203201 (2019).

3) Y. Zhang, E. Lotstedt, T. Ando, A. Iwasaki, H. Xu, K. Yamanouchi, Phys. Rev. A 104, 023107 (2021).
4) H. Li, M. Hou, H. Zang, Y. Fu, E. Lotstedt, T. Ando, A. Iwasaki, K. Yamanouchi, H. Xu, Phys. Rev.
Lett. 122, 013202 (2019).

5) H. Li, E. Létstedt, H. Li, Y. Zhou, N. Dong, L. Deng, P. Lu, T. Ando, A. Iwasaki, Y. Fu, S. Wang, J.
Wu, K. Yamanouchi, H. Xu, Phys. Rev. Lett. 125, 053201 (2020).
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Simulations of strong laser-driven multielectron dynamics using
classical and quantum computers

(‘Graduate School of Engineering, The University of Toky) OTakeshi Sato'
Keywords: High-field physics, attosecond science, multielectron dynamics, quantum computer

High-field physics and attosecond science are rapidly progressing towards world-
changing goal of direct measurement and control of the electron motion in matters. To
theoretically investigate intense laser-driven multielectron dynamics, the multiconfiguration
time-dependent Hartree-Fock method [1-3] has been developed, which, though powerful,
suffers from exponential increase of the computational cost with respect to the number of
electrons.

To overcome this difficulty, more cost-effective time-dependent multiconfiguration
methods have been developed [4-7], which substantially extend the applicability of accurate
multielectron simulations. Furthermore, we have succeeded in formulating time-dependent
coupled-cluster method using time-dependent orbitals, called TD-OCC method [8,9], which
realizes gauge-invariant and size-extensive description of multielectron dynamics.

In this talk, I will summarize theory and implementation of these simulation methods [10-

13], both on classical and quantum computers. The efficient implementation enables ab initio
description, beyond single-active-electron approximation or time-dependent density
functional theory, of high-field phenomena directly relevant to experiments, e.g.,
nonsequential double ionization of noble gas atoms, high-harmonic generation (HHG)
enhanced by laser-induced electron recollision [14, 15], and laser polarization-dependent
multichannel and multielectron effects on HHG from molecules.

1) J. Zanghellini, M. Kitzler, C. Fabian, T. Brabec, and A. Scrinzi, Laser Phys. 13, 1064 (2003). 2) T.
Kato and H. Kono, Chem. Phys. Lett. 392, 533 (2004). 3) J. Caillat, J. Zanghellini, M. Kitzler, O. Koch,
W. Kreuzer, and A. Scrinzi, Phys. Rev. A 71, 012712 (2005). 4) T. Sato and K. L. Ishikawa, Phys. Rev.
A 88, 023402 (2013). 5) H. Miyagi and L. B. Madsen, Phys. Rev. A 89, 063416 (2014). 6) D. J. Haxton
and C. W. McCurdy, Phys. Rev. A 91, 012509 (2015). 7) T. Sato and K. L. Ishikawa, Phys. Rev. A 91,
023417 (2015). 8) T. Sato, H. Pathak, Y. Orimo, and K. L. Ishikawa, J. Chem. Phys. 148 051101 (2018).
9) H. Pathak, T. Sato, and K. L. Ishikawa, J. Chem. Phys. 152 124115 (2020).

10) R. Sawada, T. Sato, and K. L. Ishikawa, Phys. Rev. A 93, 023434 (2016). 11) T. Sato, K. L. Ishikawa,
I. Bfezinova, F. Lackner, S. Nagele, and J. Burgdorfer, Phys. Rev. A 94, 023405 (2016). 12) Y. Orimo,
T. Sato, A. Scrinzi, and K. L. Ishikawa, Phys. Rev. A97, 023423 (2018). 13) Y. Orimo, T. Sato, A. Scrinzi,
and K. L. Ishikawa, Phys. Rev. A 100, 013419 (2019). 14) Y. Li, T. Sato, and K. L. Ishikawa, Phys. Rev.
A99,043401 (2019). 15) I. S. Wahyutama, T. Sato, and K. L. Ishikawa, Phys. Rev. A 99, 063420 (2019).
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Putting the 'Chemistry' back into CVD Nanomaterial Growth - Insight
from Quantum Simulations

(Discipline of Chemistry, School of Environmental & Life Sciences, University of Newcastle,
Australia) oAlister J. Page

Keywords: Carbon nanotube; graphene; boron nitride; density functional tight binding;
molecular dynamics

Over the last few decades, catalytic chemical vapor deposition (CVD) has matured as a
synthetic technique for producing many low-dimensional inorganic nanomaterials, such as
carbon nanotubes (CNTs), graphene, boron nitrides and transition metal dichalcogenides. The
general mechanism of graphene and CNT formation during CVD is now well established [1].
However, by and large this picture of nucleation has been developed by considering the
chemistry of carbon by itself, when, in reality, there are many other chemical species present
in a CVD reaction chamber. In this lecture I will discuss our recent quantum chemical
simulations that show the influence of such species on the nucleation and growth mechanisms
of carbon nanomaterials during CVD (e.g. H» [2,3], H,O [4], NH3 [5], etc.).

In contrast to carbon nanomaterials, little is known regarding the catalytic pathways
underpinning CVD synthesis of boron nitride nanomaterials [1]. I will present the first
mechanism explaining the nucleation of boron nitride nanotubes (BNNTs) via CVD of boron
oxide and ammonia borane, based on reactive molecular dynamics simulations [6]. Strikingly,
BNNTs nucleate via a ‘network fusion’ mechanism, by which distinct BN fragments first form
before ‘clicking’ together on the nanoparticle surface (Figure 1). We also reveal key roles
played by H,O and H> partial pressures and the presence of solid-phase catalytic nanoparticles
on this mechanism.

Ammonia Borane CVD BN Network Fusion BNNT Nucleation

Figure 1. Network fusion nucleation of BNNTs during Ni-catalysed ammonia borane CVD.

[1] B. McLean et al., Phys. Chem. Chem. Phys. 19, 26466-26494 (2017). [2] 1. Mitchell et al.,
Carbon 128, 215 (2018). [3] A. Saeed et al., Adv. Func. Mater., 30, 2005016 (2020). [4]
Hussein, A. et al., Nanoscale. 12, 12263-12267 (2020). [5] C. A. Eveleens et al., Nanoscale 9,
1727 (2017). [6] B. McLean, G. Webber, A. J. Page. J. Am. Chem. Soc. 141, 13385-13393
(2019).
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lonic Liquid Kinetics on Polarizable Electrode Surface

(Department of Chemistry, Faculty of Science and Technology, Keio University)
OTaichi Inagaki

Keywords: clectrode surface; interfacial kinetics; ionic liquid; polarization effect;
molecular dynamics simulation

The dynamical behavior of electrolyte molecules on an electrode surface is one of
the most important factors to determine the performance of electrochemical devices. For
example, the charging/discharging rate of the electrical double layer (EDL) capacitors is
closely linked to the kinetics of the EDL reconstruction at the electrode surface, and the
kinetics is expected to originate from the adsorption (desorption) dynamics of
interfacial electrolyte molecules or ions onto (from) the electrode. To improve the
device performance, it is quite essential to understand the fundamental interfacial
dynamics. These dynamics/kinetics at the molecular level have become an active
research field in both experiments and simulations. However, not much is known yet
about the dynamics compared to the structural properties.

Here we present a classical molecular dynamics (MD) simulation study on the
interfacial ionic liquid kinetics at a graphite electrode surface. In particular, we focus on
the nonequilibrium relaxation kinetics of the EDL upon the electrode charge change [1].
The electrochemical cell in this study was constructed with 1-butyl-3-methylimidazolium
tetrafluoroborate [BMIM][BF4] ion pairs sandwiched between two three-layered
graphite electrodes (Figure 1). For the computational efficiency, the ion pairs were
described by a coarse-grained model [2] which
can reproduce the experimental bulk diffusion
coefficient. Each cation was modeled by a
three-site rigid model, while each anion was
represented by one spherical particle. The
electrode was represented with a polarizable
model to appropriately describe electrostatic
interaction between ions and the conductive
electrode surface. The electrode atomic charges
were determined at each MD time step to

Figure 1. The computational modeling

. . . of ions and the electrochemical cell to
satisfy the constant electrostatic potential (ESP) study the interfacial ionic liquid

condition inside the electrode according to the  kinetics.
constant potential MD method [1,3]. In other
words, the ESPs acting on each electrode atom were used as parameters specifying the
electrode charge density.

The EDL relaxation process was investigated as follows. An equilibrium state at ¢
< 0 was initially prepared under the electrode ESP of —0.75 V and then the ESP was
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suddenly dropped to 0 V at + = 0. The 50 . .

. e - 3
relax‘atlon to. the equilibrium at 7 > 0 was 5 os o(t) = 1.7 exp(—t/AT.4) +
monitored with the change of the electrode g~

. . 820 0.9 exp(-1/146.4)

charge  density reflecting the EDL ¢
reconstruction. The relaxation thus simulated ~ § 1.5
was found to occur in the sub-nanosecond §1-0
timescale in the present case (Figure 2). In %05
c'ompar'lson with the constant ' poterfual 0.05 765 260 TR TR
simulation, the constant charge simulation, Time [ps]
where the electrode charge was completely Figure 2. The time evolution of the
removed at ¢ = 0 and the charge was fixed to amount of electrode charge ¢(7)

sero  after that. showed much faster observed in the relaxation simulation.
9

relaxation (several picosecond timescale). The slow relaxation observed in the
polarizable electrode originates from the fact that most electrode charges remain as
image charges against the interfacial ions. As a result, the small bias (electric field) is
imposed on the ions, leading to the quite gradual relaxation. Therefore, the difference in
timescale suggests that the electrode polarization effect plays an essential role in the
kinetics of nonequilibrium processes like the EDL relaxation.

The relaxation kinetics observed in the constant potential simulation was further
analyzed and found to have approximately two time constants, 47 and 146 ps (Figure 2).
This indicates that the relaxation includes two different dynamical processes at least. To
obtain molecular insights into the relaxation, we analyzed dynamics of the ions on the
basis of the van Hove time-space correlation functions. As a result, we found that the
lighter anions contribute largely to the relaxation compared to the cations. In addition,
diffusive dynamics of anions were classified into three groups according to initial
positions at ¢ = 0, that is, the first layer, second layer, and bulk. The analysis showed
that the ions in the second layer respond first to the potential drop, which is followed by
the ions in the bulk, and the ions in the first layer are most insensitive. This observation
suggests that the initial relaxation occurs in the intermediate region between the
electrode surface and the bulk due to the delicate balance between the potential drop
and the electrode surface interactions. The difference in response rate is expected to be
related to the two time constants obtained from the electrode charge reduction curve
(Figure 2). Along with the ion dynamics present under the kinetics, the findings gained here
are expected to be valuable information to understand interfacial molecular kinetics from
computational studies.

[1] T. Inagaki, M. Nagaoka, J. Comput. Chem. 2019, 40, 2131. [2] C. Merlet, M. Salanne, B.

Rotenberg, J. Phys. Chem. C 2012, 116, 7687. [3] J. L. Siepmann, M. Sprik, J. Chem. Phys.
1995, 102, 511.
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Multi-Scale Theoretical/Computational Approach to
Heterogeneous Catalysis

(National Institute for Materials Science (NIMS))
O Atsushi Ishikawa
Keywords: Density functional theory, microkinetics, chemical kinetics, reaction mechanism

1. Introduction

The oxidative coupling of methane (OCM) has long been studied to provide an efficient
way to convert natural gas into high-value chemicals. For the full understanding of its
reaction mechanism, the multi-scale theoretical simulation was conducted; the method is
based on the density functional theory (DFT), microkinetics, and chemical reactor modeling.
Our purpose is to predict the activity (the reactant conversion) and the product selectivity,
from atomic or molecular level simulations.[1]

In addition to the above topic, our recent approach that combines the machine-learning
with DFT-based microkinetics focusing on the NH3 synthesis is also introduced.[2]

2. Theoretical method
We investigated the OCM reaction
2CHs + O, — CHs +2H,O

catalyzed by MgO, first found by Lansford et al[3] We modeled the active site as the
stepped MgO surface, based on previously reported experimental results and our theoretical
works.[4, 5] The reaction model includes 109 gas-phase and 61 surface reactions. Using
DFT, reaction energy (AE) was calculated, and activation barrier (£,) were estimated from
AE values using the linear free energy relationship. For the DFT calculation, VASP 5.4
program package was used. From AF and E, values, we evaluate the reaction rate constants
and constructed reaction rate equations. Reaction rate equations were solved numerically
using MATLAB software. The reactant conversion and product selectivity were evaluated
from composition of the inlet and outlet gas.

3. Results and discussion

x y 2,
In Figure 1, the transition state %ggg - @igggﬁ - @%@g
(TS) of the H-abstraction from CHs4 =2 S 3 .
Figure 1. Optimized structures of the CHy activation at the

stepped MgO. The left, middle, and right correspond to the
reactant, TS, and product states.

obtained from the DFT calculation is
shown. The preliminary microkinetic
analysis show that this process has
the largest contribution to the reactant conversion. The calculated E, value is 96.5 kJ/mol,
which is reasonable agreement with experimental range.

From this E, value other elementary reactions, the kinetic parameters are obtained and
the microkinetic and reactor analysis are performed. In Figure 2, the change of the molar
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fraction with reaction time is shown. The reactant o

1.e. CHs and O; decreases as the reaction
proceeds, while C,Hg, HO, CO and CO; are cre
generated.

o
N

In Figure 3, the CHs4 conversion and

02

Mole fraction (-)

composition of C-containing compounds were

o

shown. With the increase of temperature, the CHs4

H20

conversion becomes higher but C, compounds T

0.0 0.1 0.2 0.3 0.4 0.5
Time (s)

decreases, which agrees with experimental
tendency. Thus, our multi-scale simulation
Figure 2. Mole fraction along the reaction

correctly reproduces the activity and selectivity tme (s) calculated by the reactor

tendency of the OCM catalyst. simulation.

4. ConclllSiOIlS [ C>He MM C2Hs [[]CO [l CO2 —O— CHg conversion
We theoretically investigated the OCM over " II | | I I o

MgO, with the DFT calculation, microkinetics, 08 0s

o
IS

and chemical reactor simulations to evaluate the

0.6

reactant conversion and product selectivity. What
is unique in this study is that both gas-phase and

o
@
(-) uoisseAucd VHO

04

o
N

surface-mediated reactions were included, and

Composition among C-compounds (-)

02

the kinetic and thermodynamic properties of 170

elementary reactions were all calculated by DFT. oo 65” 7°° 0 w0 o a0

Temperature (°C)

0.0 AT

Our simulation have found that;
1) CHs; formation from CHs is highly of C-containing species (left axis) and CHy
endothermic in the gas phase (AE = 4.73 eV), conversion (right axis) on reaction
while AE decreases to 0.33 eV when CHs temperature (in °C).
activation occurs on the stepped MgO.

2) The mole fraction change along the reaction shows that the C, compounds are formed
first but COx (x = 1, 2) are formed later, indicating the overoxidation of C, compounds.

3) The effects on CH4 conversion and C, selectivity from the temperature and Pcus : Po>
are observed. The CH4 conversion increases with temperature, while the C, selectivity

Figure 3. Dependence of the composition

becomes lower. A similar but more moderate dependency was observed for Pcus : Poo.
These trends agree well with experimental reports.
Our study strongly suggests that DFT-based microkinetics is a strong approach to
analyze the catalysis from the atomic or molecule scale resolution.

1) A. Ishikawa and Y. Tateyama, ACS Catal., 2021, 11, 2691-2700; 2) A. Ishikawa, submitted,
3) T. Ito, J. H. Lunsford et al., J. Am. Chem. Soc., 1985, 107, 5062; 4) A. Ishikawa and Y.
Tateyama, J. Phys. Chem. C, 2020, 124, 6054-6062.; 5) A. Ishikawa and Y. Tateyama, Catal.
Lert., 2021, 151, 627-633
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Computer-aided drug design and screening of potential
compounds to combat COVID-19

(Faculty of Science, Chulalongkorn University, *Faculty of Pharmaceutical Sciences,
Chulalongkorn University, 3Faculty of Medicine, Chulalongkorn University) O Thanyada
Rungrotmongkol,! Bodee Nutho,! Panupong Mahalapbutr,! Kamonpan Sanachai,! Supot
Hannongbua,' Kittikhun Wangkanont,! Supakarn Chamni,”> Warinthorn Chavasiri,! Tuanjai
Somboon,! Siwaporn Boonyasuppayakorn,® Wanchai De-eknamkul,? Tanatorn Khotavivattana!
Keywords: Antiviral Agents; SARS-CoV-2; 3CL Protease; Drug Design and Screening

SARS-CoV-2 causes the current global pandemic coronavirus disease 2019. Widely-
available effective drugs could be a critical factor in halting the pandemic. The main protease
(3CLP™) plays a vital role in viral replication; therefore, it is of great interest to find inhibitors
for this enzyme. We applied the combination of virtual screening based on molecular docking
derived from the crystal structure of the peptidomimetic inhibitors (N3, 13b, and 11a), and
experimental verification revealed FDA-approved drugs that could inhibit the 3CLP™ of SARS-
CoV-2. Three drugs were selected using the binding energy criteria and subsequently
performed the 3CLP™ inhibition by enzyme-based assay. In addition, six common drugs were
also chosen to study the 3CLP™ inhibition. Among these compounds, lapatinib showed high
efficiency of 3CLP™ inhibition (ICso value of 35 = 1 uM and K; of 23 = 1 uM). The binding
behavior of lapatinib against 3CLP™ was elucidated by molecular dynamics simulations. This
drug could well bind with 3CLP* residues in the five subsites S1', S1, S2, S3, and S4. Moreover,
lapatinib's key chemical pharmacophore features toward SAR-CoV-2 3CLP™ shared important
HBD and HBA with potent peptidomimetic inhibitors. The rational design of lapatinib was
subsequently carried out using the obtained results. Our discovery provides an effective
repurposed drug and its newly designed analogs to inhibit SARS-CoV-2 3CLP™. Besides the
known drugs, biochemical and cell-based assays tested the screened compounds from natural
products and synthetic analogs.

Al
ull

o
3
H

DrugBank database

Consideration of approved drugs

Top 60 compounds were focused

SARS-CoV-2 3CLe inhibitory activity assay

Potent compounds
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Theoretical Study of Copper-Catalyzed Atom Transfer Radical
Addition Reactions

(Research Center for Computational Design of Advanced Functional Materials, National
Institute of Advanced Industrial Science and Technology) OMegumi Kayanuma
Keywords: density functional theory, catalysis, photoredox reaction, copper complex

Photoredox catalysts using copper complexes are recently applied for various reactions,
such as atom transfer radical addition (ATRA) reactions. The copper-based photocatalysts
provide interesting reactivity, for example, [Cu(dap).]Cl (dap = 2,9-di(p-anisyl)-1,10-
phenanthroline) catalyzes ATRA reactions between perfluoroalkyl iodides and styrenes under
visible light irradiation, which are not promoted by commonly employed photocatalysts using
ruthenium or iridium complexes.! It is proposed that these reactions proceed not only by
conventional outer-sphere photoredox mechanisms but also by inner-sphere mechanisms.?

In the present study, the mechanism of the visible-light-mediated ATRA reaction of CFsl
with styrene utilizing [Cu(dap):]Cl is analyzed by means of density functional theory (DFT)
using the MO6 functional with the D3 version of Grimm’s dispersion correction.
Stuttgart/Dresden ECP (SDD) is used for Cu and I atoms, and Dunning/Huzinaga full double-
{ basis sets with polarization functions (D95(d,p)) for the others. The solvent effect of
acetonitrile is considered with the polarizable continuum model.

The photoexcited Cu(I) complex reduces CF;lI and generates CF; radical ("[Cu(dap).]” +
CF;1 — [Cu(dap).]*" + CF5- + I'). The generated Cu(Il) complex was suggested to undergo
ligand exchange ([Cu(dap):]** + CI" + I — [Cu(dap)(C1)(I)] + dap),' which is confirmed by the
present calculation. When CF; radical binds to styrene, benzyl radical is formed (CF3- + CgHs
— CoHgF3-). It is shown that the CoHsF3 radical does not initiate radical chain process (CoHsF3-
+ CF31 — CoHsFsI + CF3-), which is a common mechanism of the ATRA reactions. For the
reaction of CoHgF3; radical to generate the product, CoHsFsl ((3,3,3-trifluoro-1-
iodopropyl)benzene), two mechanisms were proposed: rebound cycle in which the CoHgF3
radical coordinates to Cu ([Cu(dap)(CIl)(I)] + CoHsF3-— [Cu(dap)(I)(CoHsF3)]" + ClI" —
[Cu(dap)(CI)] + CoHsF3l) and ligand transfer cycle in which the CoHgF3 radical abstracts the
iodide atom from [Cu(dap)(C1)(I)] ([Cu(dap)(CI)(I)] + CoHsF3- — [Cu(dap)(CI)] + CoHsFsI).!
The calculations show that ligand transfer cycle is more plausible.

CF
AN [Cu(dap),]Cl 3
+ CF ——»
visible light

1) T. Rawner, E. Lutsker, C.A. Kaiser, O. Reiser, ACS Catal. 2018, 8, 3950. 2) T. P. Nicholls, A.C.
Bissember, Tetrahedron Lett. 2019, 60, 150883.
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Role of dynamics in conformational transitions and functions of biomolecules ('Institute for
Materials Chemistry and Engineering, Kyushu University, *Interdisciplinary Graduate School
of Engineering Sciences, Kyushu University) OToshifumi Mori'

Structural fluctuations and conformational transitions of proteins have been realized to be
essential for protein functions. Yet, how these dynamic aspects of proteins contribute to
functions often remains elusive. We have been working towards understanding how enzymes
adapt to different stages of the catalytic cycle by adjusting their conformations, and have been
focusing on unveiling the conformational dynamics of enzymes. In this talk, by mainly
focusing on the peptidyl-prolyl isomerization reaction catalyzed by Pinl, we discuss the
molecular mechanism of catalytic reaction from two perspectives. Molecular dynamics
simulations with replica exchange umbrella sampling and transition path sampling methods are
applied to reveal the static and dynamic mechanisms of the reaction, respectively. From a static
view, enzyme lowers the free energy barrier of isomerization with rearrangements in ligand-
enzyme interactions along the reaction coordinate'”. From the dynamic view, on the contrary,
the isomerization occurs in a short timescale, which turns out to be too rapid for the ligand-
enzyme interactions to reorganize to equilibrium?. These results indicate that the dynamics of
the enzyme plays a role prior to the reaction step by preparing a reactive environment, i.e., as
conformational excited states. The origin of these slow protein dynamics, which has also been
discussed by an NMR experiment”, and how it seemingly couples to the enzymatic reaction
cycle will also be discussed.

Keywords : Reaction dynamics; Free energy; Conformational transition, Enzyme catalysis;
Molecular dynamics simulation

AR F OREIETE O T PMRBER I TAEER S T OISR R TH D Z &3, IEFD
— O FHEEZIZCDE LEERL VI ONIR-TE T, EZAN, 20X 9 7iEH)
INFEBRT & D LD ITAEMR FHERERCIE R SNCHE T 200 L T < D56aH
EFY LG TR, ol FHIBERIGEZIRE LT, 7FyIalb—vs
Vi FHEMEFTFEEZ WD Z ST L o T, BERORIEE LSO BEER SR S
A 7> TED DTSN, BERFUCSH D Lo TW D E AT I 7 A
ICHRFICER LT TWD, AEERTIE, 7 U U B E#RDO—>Th S Pinl %
BN, BOSHE 2 §Rp93 L 0@ 22 HFE L <G~ To, 207Dl HFEhFEy
Ralb—va oY U FFETH D replica exchange umbrella sampling 735 &
U transition path sampling 7% F\N 72 ROGHREE DIRKR Z 1T > T2,

FRA M OFHT 2> B 1%, BMEAGEOS O B B )L — Rk DR O BT D0
THANDZ & T, BERICK > TRISD H B RVF—EEEDS T30 | SOSHMEE S 1
TWOHLEHENE O N, Fo. ROSEE (B ko ZmA o k) ([Zih-> T, AE-
FEFAHAAERA DR A ICEE L T OB S vz Y, Zhicxt LT, EBRICKS
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MEDEITHITTEIDEEBR N T Vs NVICESS G A T2 7 ADIRMT
SNZE 2 A, BEORMACEIS BRI Z < SRR CHITT 720, E-BERH
HAEHNZ OREFINITIBRET 5 Z SIXTE RNV L8y ho722, 207, Bitlb
FOGDOBERIREE RECT D DI BT E- R EER T, WEORISEEDOLE
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(a) /’

isomerization

-

rare,
but rapid

is/trans

1) Conformation-Directed Catalysis and Coupled Enzyme-Substrate Dynamics in Pinl
Phosphorylation-Dependent Cis-Trans Isomerase. H.A. Velazquez, D. Hamelberg, J. Phys. Chem.
B, 2013, 717, 11509.

2) Conformational Excitation and Nonequilibrium Transition Facilitate Enzymatic Reactions:
Application to Pinl Peptidyl-Prolyl Isomerase. T. Mori, S. Saito, J. Phys. Chem. Lett. 2019, 10, 474.

3) Structure and Dynamics of Pin1 During Catalysis by NMR, W. Labeikovsky, E.Z. Eisenmesser, D.A.
Bosco, D. Kern, J. Mol. Biol. 2007, 367, 1370.
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Liquid-liquid phase separation in the tales of intrinsically
disordered proteins

(\Institute of Biochemistry and Molecular Biology, National Yang Ming Chiao Tung
University) Olie-rong Huang'

Keywords: Intrinsically disordered proteins; liquid-liquid phase separation; nuclear
magnetic resonance;, RNA-binding proteins, galectin

Tons of biomolecules react in a cell simultaneously, but how does one biomolecule
“know” where and when to react? The prevailing intrinsically disordered proteins (IDPs;
>30% in eukaryotic cells) or proteins with intrinsically disordered regions (IDRs; >50% in
eukaryotic cells), which do not adopt a defined three-dimension structure, may play a role in
the spatiotemporal control of biochemical reactions. Recent studies have demonstrated that
some IDPs undergo liquid-liquid phase separation (LLPS) to respond to environmental
changes (e.g. temperature, pH) to determine the timing of a reaction (“when”). The
increased local concentration within phase-separated droplets also controls the location
(“where”) to react. The physicochemical properties of these ID regions probably govern the
location and timing for a molecule to react. In this talk, [ will use TDP-43 [1,3,4], galectin-3
[2,5], and Musashi protein families [6] as examples to demonstrate how the
physicochemical properties of IDRs can relate to their cellular functions and diseases.

[1] Chiang WC, Lee MH, Chen TC, and Huang JR* Int. J. Mol. Sci 21(16), 5930 (2020)

[2] Chiu YP,Sun YC, Qiu DC, Lin YH, Chen YQ, Kuo JC, and Huang JR* Nat.
Comm. 11:1229 (2020)

[3] Li HR, Chiang WC, Chou PC, Wang WJ, Huang JR* J. Biol. Chem. 293(16):6090
(2018)

[4] Li HR, Chen TC, Hsiao CL, Shi L, Chou CY, Huang JR* BBA 1866:214 (2018)

[5] Lin YH, Qiu DC, Chang WH, Yeh YQ, Jeng US, Liu FT, Huang JR* J. Biol.
Chem. 292(43) 17845 (2017)

[6] Chiu SH, Ho WL, Sun YC, Kuo JC, and Huang JR* Submitted
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The Stickers-and-Spacers Framework for Describing
Biomolecular Phase Separation

(!Department of Chemistry, Pusan National University) OJeong-Mo Choi!
Keywords: Biomolecular Phase Separation; Intrinsically Disordered Proteins; Theoretical
Modeling

In the last decade, there has been a growing interest on the phase behavior of
biomolecules, especially after demonstration of its biological implications such as reversible
formation/dissociation of membrane-less cellular organelles. Several model systems have
been discovered and studied, and one of crucial questions in the field is how the phase
behavior is encoded in a sequence. Inspired by observations on a subset of disordered
proteins that apparently exhibit a rather simple molecular grammar for phase behavior, we
developed the stickers-and-spacers framework adapted from the field of associative
polymers for understanding how multivalent protein and RNA molecules drive phase
transitions that give rise to biomolecular condensates. In this talk, I will introduce the
framework and discuss its applications in explanation and prediction of biomolecular phase
behaviors.
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Label-free observation of liquid-liquid phase separation in vitro and
in a living cell using Raman microscopy

(‘Graduate School of pharmaceutical Sciences, Tohoku University, “PRESTO, JST) OShinji
Kajimoto'?
Keywords: Raman imaging; LLPS; Liquid droplet; Stress granule; Oxidative stress

We performed Raman imaging of liquid droplets formed via liquid-liquid phase separation
(LLPS) in a protein buffer solution, as well as stress granules formed in living cells subjected
to oxidative stress. While LLPS plays essential roles in a variety of intracellular events, liquid
droplets are also considered to be involved in protein aggregation in neurodegenerative diseases.
To elucidate the nature of liquid droplets and reveal the relationship between LLPS and
aggregation of proteins, quantification of a single droplet is essential. In this study, for the label-
free quantification of LLPS, we obtained Raman spectra of inside and outside of a liquid droplet
and estimated the protein concentration of the droplet using the water Raman band as an
internal standard. We found that ataxin-3,
which has a poly-glutamine chain on its C-  (3)
terminal portion and is considered as the
causative protein of Machado-Joseph disease,
exhibits LLPS in buffer solutions containing
crowding agents such as polyethylene glycol
(PEG) and dextran (DEX)'. The Raman
spectra of liquid droplets of ataxin-3 show
that only water and protein existed inside the
liquid droplets, while the outside was
consisted with water and crowding agents.

Based on the intensity of the Amide I band of (b) Ra_maigssig:ctra
protein (1660 cm™) inside a droplet and the 5 outside
O-H stretching band of water (3100-3700 3

cm') outside droplets, we estimated the %

concentration of proteins inside a single =

droplet. The protein concentration varied 3
depending on the concentration of crowding 3300' ‘ '30'00' '18'00' 16|oo | 14|oo | 12|oo
agents; the higher the concentration of PEG Raman shift/ cm”’

was, the higher the concentration of protein Fig. 1 A Raman image (a) and Raman

inside the droplets. We also performed spectra (b) of a liquid droplet of ataxin-3

Raman imaging of liquid droplets of the low- formed in buffer solution containing PEG.

complexity domain of FUS, and found that
the concentration of FUS inside a droplets
varies depending on the surrounding

The Raman image was obtained by
mapping the intensity of Amide I band
(1660 cm™).
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circumstance, such as salt concentration and pH. These results indicate that the intracellular
environments are important for LLPS inside a cell and the nature of liquid droplets varies with
the intracellular molecular crowding environments.

As a demonstration of label-free observation of intracellular LLPS, we obtained Raman
images of HeLa cells subjected to oxidative stress by addition of sodium arsenite into a medium,
which induces stress granule formation. After 30 min. exposure to 0.5 mM sodium arsenite, the
intensity of Raman bands assigned to proteins and nucleic acids was increased in some regions
of cytoplasm. It is known that proteins and RNAs are the main components of stress granules,
so that we concluded that we succeeded in obtaining Raman spectra of stress granules. The
hierarchical cluster analysis (HCA) of Raman images consisting of 2500 Raman spectra
enables us to visualize the distribution of stress granules. The HCA of Raman images also
revealed that the intensity of the C—H stretching band increased not only inside the stress
granule regions but also the other cytoplasmic regions. Since the intensity of the C—H Raman
band corresponds the concentration of biomolecules having C—H bonds®”, the increase of the
C—H Raman band indicates that the intracellular environments became more crowded in the
entire cytoplasmic region after the oxidative stress. The change in the intracellular crowding
environments will affect the formation process and change the nature of stress granules.

1) K. Murakami, S. Kajimoto, D. Shibata, K. Kuroi, F. Fujii, T. Nakabayashi, Chem. Sci. 2021, 12, 7411.
2) M. Takeuchi, S. Kajimoto, T. Nakabayashi, J. Phys. Chem. Lett., 2017, 8, 5241. 3) D. Shibata, S.
Kajimoto, T. Nakabayashi., Chem. Phys. Lett., 2021, 779, 138843.
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lon Transport in Concentrated Aqueous Electrolytes for Li-lon
Batteries

(*Center for Molecular Spectroscopy and Dynamics, Institute for Basic Science (IBS), Seoul
02841, Republic of Korea, *Department of Chemistry, Korea University, Seoul 02841,
Rebublic of Korea) O Jonggu Jeon,! Minhaeng Cho'+2

Keywords: lon Solvation; lon Transport; Li-ion Batteries; Water-in-Salt Electrolytes;
Molecular Dynamics Simulation.

Water-in-salt electrolytes (WiSE) could be a safer alternative to conventional organic
electrolytes in battery applications due to their non-flammable nature.’> The
electrochemical performance of these concentrated aqueous solutions of Li electrolytes
critically depends on their high electrical conductivity at saturation. Although the solvation
structure and dynamics of Li ions in WiSEs have been the subject of numerous studies, even
fundamental structural features of the solutions such as the degree of heterogeneity of the
electrolyte solutions are not yet agreed upon,®® let alone their dynamics.

To better understand this with theoretical and computational means, we have
developed a non-polarizable molecular mechanics (MM) force field model for concentrated
aqueous solutions of LiTFSI (Li*(CFsSO2)2N"), which is a representative WiIiSE. With an eye
toward an accurate description of the ion conduction process, the model was designed to
accurately reproduce the solution density and ionic and water diffusivities over a wide range
of concentrations. In particular, we have applied ionic charge scaling by 80% to account for
inter-ionic charge transfer and electronic polarization effects that are usually missing in
non-polarizable force field models. This charge scaling turns out to be a crucial measure for
the correct prediction of the diffusivity of all three species in the solution.

We investigated four types of predominant atomic interactions and dynamics involving
Li ions, anionic oxygens, and atoms of water molecules in the WIiSE consisting of LiTFSI
with molecular dynamics simulation and theoretical analysis based on the Luzar-Chandler
theory.” We thoroughly characterized the atomic compositions in the first solvation shells of
the four atom types, Li*, O(TFSI’), H(H:0), and O(H.0), calculated thermodynamic
stabilities and lifetimes of the contact atom pairs, and identified strong correlation of the
Li-ion mobility with the local solvation environment and its dynamics. We conclude that Li
ions follow heterogeneous trajectories on the sub-ns time scale consisting of distinctive
water-rich and anion-rich segments, switching between a vehicle-type and a hopping-type
mechanism in respective regions. The Li~Ow contact pair is slightly more stable than Li-Or
at saturation, and this subtle balance appears responsible for the fast Li-ion transport in this
class of WISE.

1) Suo, L.; Borodin, O.; Gao, T.; Olguin, M.; Ho, J.; Fan, X.; Luo, C.; Wang, C.; Xu, K,
“Water-in-salt” electrolyte enables high-voltage aqueous lithium-ion chemistries. Science 2015, 350,
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938. 2) Yamada, Y.; Usui, K.; Sodeyama, K.; Ko, S.; Tateyama, Y.; Yamada, A., Hydrate-melt
electrolytes for high-energy-density aqueous batteries. Nat. Energy 2016, 1, 16129. 3) Borodin, O.;
Suo, L.; Gobet, M.; Ren, X.; Wang, F.; Faraone, A.; Peng, J.; Olguin, M.; Schroeder, M.; Ding, M. S.;
Gobrogge, E.; von Wald Cresce, A.; Munoz, S.; Dura, J. A.; Greenbaum, S.; Wang, C.; Xu, K.,
Liquid Structure with Nano-Heterogeneity Promotes Cationic Transport in Concentrated Electrolytes.
ACS Nano 2017, 11, 10462-10471. 4) Lim, J.; Park, K.; Lee, H.; Kim, J.; Kwak, K.; Cho, M.,
Nanometric Water Channels in Water-in-Salt Lithium lon Battery Electrolyte. J. Am. Chem. Soc.
2018, 140, 15661-15667. 5) Miyazaki, K.; Takenaka, N.; Watanabe, E.; lizuka, S.; Yamada, Y.;
Tateyama, Y.; Yamada, A., First-Principles Study on the Peculiar Water Environment in a
Hydrate-Melt Electrolyte. J. Phys. Chem. Lett. 2019, 10 (20), 6301-6305. 6) Zhang, Y.; Lewis, N.
H. C.; Mars, J.; Wan, G.; Weadock, N. J.; Takacs, C. J.; Lukatskaya, M. R.; Steinriick, H.-G.; Toney,
M. F.; Tokmakoff, A.; Maginn, E. J., Water-in-Salt LiTFSI Aqueous Electrolytes. 1. Liquid Structure
from Combined Molecular Dynamics Simulation and Experimental Studies. J. Phys. Chem. B 2021,
125 (17), 4501-4513.  7) Luzar, A.; Chandler, D., Hydrogen-Bond Kinetics in Liquid Water. Nature
1996, 379, 55-57.
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Theoretical Investigation of Dielectric Constant at Monolayer
Interfaces by Polarizable Molecular Dynamics Simulation

(*Graduate School of Science, Tohoku University, “ESICB, Kyoto University)

OLin Wang,*?

Keywords: Sum Frequency Generation Spectroscopy; Interfacial Dielectric Constant;
Langmuir Monolayer; Molecular Dynamics Simulation

Due to its highly surface selectivity and sensitivity, sum frequency generation (SFG)
spectroscopy has an excellent potential to study interfaces, such as electrode-electrolyte
interfaces and monolayer interfaces. It is particularly useful for the in situ detection of
electrode interfaces in electrochemically working conditions. We have developed the
computational analysis of SFG spectroscopy, and calculated microscopic structure and
nonlinear susceptibility of various interfaces including electrodes and batteries.™™! However,
one of the remaining difficulties to advance our computational analysis is how to deal with
uncertainties associated to the interfacial dielectric constant (¢’). As an optical probe of
interfaces, the dielectric constant of the interface is a critical factor, though it has been
treated as an empirical parameter so far. The measurement of €’ is not straightforward for a
monolayer region. Lack of reliable determination of & hinders our quantitative analysis of
SFG spectra in organic interfaces.

In this work, we extended our theory of SFG to deal with the interfacial dielectric
constant besides the nonlinear susceptibility of the interfaces. We propose a general
modeling and theory to evaluate the interfacial dielectric constant by ab initio polarizable
model and molecular dynamics (MD) simulations. The proposed method is able to calculate
the frequency-dependent dielectric constant, including the static and optical ones, as a
function of the depth position. The present work revealed the local dielectric profile with
spatial and frequency decomposition near the interface. To validate our theory of €’, the
calculated local dielectric constants of dodecanol-water monolayer are examined. It is
noteworthy that the interfacial dielectric constant show anisotropy as well as complicated
structure as a function of depth position, which reflects the inhomogeneous structure of the
interface. The detailed results of the dielectric profile and its implication to the analysis of
SFG spectroscopy will be shown in the presentation. The reliable information of interfacial
dielectric profile is necessary to apply the SFG spectroscopy to complex interfaces, such as
those at batteries.

References

[1] L.Wang, Q. Peng, S. Ye. A. Morita. J. Phys. Chem. C 2016, 120, 15185.

[2] L.Wang, S. Nihonyanagi, K. Inoue, K. Nishikawa, A. Morita, S. Ye, T. Tahara. J. Phys.
Chem. C 2019, 123, 7081.

[3] L.Wang, R. Murata, K. Inoue, S. Ye, A. Morita. J. Phys. Chem. B 2021, 125, 9804
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Understanding Charge-Transfer Reactions by Constrained
Density Functional Theory

(*Graduate School of Science and Engineering, Ibaraki University, *Frontier Research
Center for Applied Atomic Sciences, Ibaraki University) OTatsuya Joutsuka'-?

Keywords: Proton Transfer; Hole Transfer; Constrained Density Functional Theory;
Molecular Dynamics; Electron Transfer

To solve energy problems, -@- 0, 0,
photocatalysts have been actively Organics
studied for, e.g., decomposing water

into hydrogen and oxygen using

: : Oxidative
sunlight. Developing decomposition
high-performance photocatalysts
requires the molecular-level

understanding  of  charge-transfer
reactions in photocatalytic processes. ' OH- (H,0) -OH

However, even for TiO,;, the ) . . .
Figure 1. Schematic of charge-transfer reactions in

mechanism shown in Figure 1 remains A )
TiO> photocatalysis

unclear. This is partly because
photocatalysis involves complex charge-transfer reactions

The aim of this presentation is to understand the charge-transfer reactions in
condensed phases e.g. TiO: photocatalysts by using density functional theory (DFT) calculations.
Here, the constrained DFT (CDFT) method is employed to simulate the localized charges. First,
we validate the method by molecular dynamics simulations of proton transfer in aqueous silicic
acid."? In this study, we propose a computational scheme for proton transfer using ab initio
molecular dynamics (MD) simulations and CDFT. We also plan to talk about another application
in aqueous solutions. Next, the facet (directional) dependence by polaron migration is clarified
in anatase TiO, and compared with the experiment.* We focus on the discussion of hole
migration in bulk anatase TiO; and at its surfaces.

In this study, DFT calculations were carried out under three-dimensional periodic
boundary conditions using the cp2k program package. For the proton transfer in aqueous
solutions, the proposed CDFT method employs the vertical energy-gap coordinate defined by
the difference of energies for the reactant and product states, which are defined by different
charge constraints to the O atom of proton donor with the Becke density partitioning method.
For the polaron transfer in anatase TiO,, five anatase surfaces were used to study the facet
dependence of the stability of surface-trapped holes. To achieve hole formation, the CDFT
method was used to optimize all ion coordinates while varying the number of valence electrons

on a single O atom.
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Figure 2 shows the calculated free
energy surface in aqueous silicic acid, and the
reaction free energy of deprotonation agrees
with the experimental results within a few
kcal/mol. There are three main features of the
CDFT method: 1. it can be applied not only to
homogeneous  systems but also to
the

coordinate is straightforwardly defined; 3. it is

heterogeneous  systems; 2. reaction
easy to perform dynamical analysis* such as
transmission coefficients.

Figure 3 shows (a) the potential
energy profile of holes (hole trapping energy)

and (b) the spin density on an anatase TiO:
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Figure 2. Computed free-energy surfaces of
the deprotonation reaction of aqueous
orthosilicic acid. The gray points are the
adiabatic free-energy surface (FES).

surface with five facets. The profiles are strongly dependent on the crystal facet. For the
hydroxylated (112) and (001) surfaces, the holes are most stable on the O atoms of the OH

groups on the surface. This is
with  the  best
photocatalytic performance on
the (112)

experimentally,

consistent
surface measured
which 1is one
order of magnitude greater than
the well-known Degussa P25

commercially available. It is also ) (101)

@,@

found that the hole transfer along
the [112] direction in anatase
TiOy s all

directions, which also supports
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Figure 3. (a) Hole trapping energy at the hydroxylated

anatase surfaces. (b) Spin density of a trapped hole

the experimental findings. These

results indicate that, although the

(yellow isosurface).

(101) surface is the most thermodynamically stable, the (112) and (001) surfaces provide higher

active sites for photocatalytic degradation of organic molecules.

1) T. Joutsuka, K. Ando, J. Phys. Chem. B 2020, 124, 8323. 2) T. Joutsuka, K. Ando, Chem. Lett.

2021, 50, 1325. 3) T. Joutsuka, H. Yoshinari, S. Yamauchi,

Bull. Chem. Soc. Jpn. 2021, 94, 106. 4)

T. Joutsuka, K. Ando, J. Phys. Chem. A 2011, 115, 678.
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Stimuli-Responsive Porous Crystals

(‘Riken Center for Emergent Matter Science) OHiroshi Sato'
Keywords: Porous Coordination Polymers, Metal-Organic Frameworks, Sorption,
Stimuli-Responsive Properties

Porous materials with countless nanometer-sized pores have long been used in our
daily lives as functional materials that efficiently separate and remove small molecules such
as gaseous molecules. As a new family of porous materials, metal-organic frameworks
(MOFs) are synthesized by combining metal ions and organic ligands, and the size, shape,
and chemical properties of their pores can be designed and tuned by taking advantage of the
combination diversity of the constituents. Compared to conventional porous materials,
MOFs are unique in that they can flexibly change their

structures in response to the environment, despite their Stimuli-Responsive o
. 14 . . Porous Crystals °
crystalline nature”". We are studying the synthesis, ° o
Mechanical

function, and mechanism of such unique porous Pressure g D9 @ 0 @

materials in which "hardness" and "softness" operate
in concert. In this presentation, I would like to
introduce MOF-based porous crystals that respond to
external stimuli (Fig. 1). Especially, I will present
crystals that respond to guest molecules®”’, light®'2
and mechanical forces'’. Short summary for each
topic is described as follows.

< Guest-responsive porous crystals>

(1) Carbon monoxide (CO)-responsive porous crystal’: @

We successfully developed a porous crystal that changes 9

its porous structure in response to CO, and selectively HDZCC&H Ho J@W J}Z}C%H
adsorbs CO. Adsorption of CO molecules in the 1D °[2]Cmn°ne Based ligand
channels can induce the structural change to accelerate ¢c°2+

further CO adsorption.

(2) Guest-responsive stepwise expansion in a porous

Fig. 1. Stimuli-responsive porous crystals.

crystal®: When a porous crystal was immersed in organic
solvents, the crystal swelled and exfoliated. It is
interesting to note that layer-number-selective porous
nanosheets can be obtained from the crystal suspensions

at different stages of interlayer expansion.

. . |-Organic Crystal with
(3) Porous crystals with mechanical property change by Mefgq,enﬁgg'g(,:{ﬁfnew "

adsorption'’: By arranging catenanes in three dimensions, ~ Fig- 2. Catenane-based porous crystal.

a porous crystal was realized whose Young's modulus changes in response to adsorption
(Fig. 2). Crystallographically, it was confirmed that the relative positions of the
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macrocycles in the catenated moieties change upon applying mechanical pressure.

< Photo-responsive porous crystals>
(1) [2+2] Photocyclization reaction®: A porous crystal containing photoreactive C=C bonds
was prepared. When the crystals were irradiated with UV light, [2+2] photocyclization
reaction proceeded efficiently, resulting in a formation of cyclobutane rings. The reacted
C=C bonds were aligned on the 1D pore surface, and the pore size and shape changed
before and after UV light irradiation.

(2) Photochemical generation of highly reactive species’: An azide group, which is a
nitrene precursor, was successfully introduced on the 1D pore surface of a porous crystal.
The pore surface can be photochemically activated and the crystal irreversibly trap gaseous
molecules including oxygen and CO.

(3) cis-trans isomerization reaction'’: An azobenzene-containing, zirconium-based porous
crystal (**MOF), upon irradiation with UV light, underwent trans-to-cis isomerization of
its azobenzene pendants to furnish the cis-isomer content of 21% (**MOF*'”) and
underwent backward isomerization into “*MOF'” upon either irradiation with visible light.
(4) Quantitative and reversible photochemical reaction'': We realized photoresponsive
crystalline materials showing quantitative reversible photochemical reactions upon UV and
visible light irradiation by introducing structural flexibility into crystalline porous
frameworks composed of a diarylethene-based ligand. The structural flexibility of the
porous framework enables highly efficient photochemical electrocyclization in a
single-crystal-to-single-crystal manner.

(5) Photochemically crushable and regenerative porous crystals'’: A photochemically
crushable and regenerative porous crystal
("™MOF)  was developed by
complexation of a diarylethene-based

uy
Light
photochromic ligand "YDTEgpen With
Cd**.  When """MOF suspended in
DMF/MeOH was exposed to UV light, its
crystalline network was readily crushed to

Blue Solution

Fig. 3. Photoresponsive porous crystals.

afford a homogeneous solution, via ring-closing isomerization of the constituent *YDTEpen.
Upon successive exposure of this solution to visible light, colorless crystals identical to
those of P"™*MOF were regenerated (Fig. 3).

(1) S. Horike, S. Shimomura, S. Kitagawa, Nat. Chem. 2009, 1, 695. (2) A. Schneemann, V. Bon, I. Schwedler, 1.
Senkovska, S. Kaskel, R. A. Fischer, Chem. Soc. Rev. 2014, 43, 6062. (3) Z. Chang, D.-H. Yang, J. Xu, T.-L. Hu,
X.-H. Bu, Adv. Mater. 2015, 27, 5432. (4) S. K. Elsaidi, M. H. Mohamed, D. Banerjee, P. K. Thallapally, Coord.
Chem. Rev. 2018, 358, 125. (5) H. Sato et al. Science 2014, 343, 167. (6) V. K.-M. Au et al. J. Am. Chem. Soc.
2019, 741, 53. (7) S. Suginome et al. J. Am. Chem. Soc. 2019, 141, 15649. (8) H. Sato et al. Chem. Commun.
2012, 48, 7911. (9) H. Sato et al. Nature Mater. 2010, 9, 661. (10) H. Huang et al. J. Am. Chem. Soc. 2017, 139,
8784. (11) Y. Zheng et al. Nature Commun. 2017, 8, 100. (12) H. Sato et al., J. Am. Chem. Soc. 2020, 142,
14069. (13) W. Meng et al. Nature 2021, 598, 298.
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lon-Conductive Porous Crystals

(Faculty of Science Division I, Tokyo University of Science) (OMasaaki Sadakiyo'
Keywords: Ionic Conduction; Metal-Organic Framework; Covalent Organic Framework;
Porous Material

Solid-state ionic conductors are important materials because of their potential
applications for energy-related devices such as secondary batteries and fuel cells. Many
researchers have investigated to clarify the relationship between structure and ionic
conductivity using various solids. The migration of ionic carriers in solids requires some
empty spaces or lattice defects for accepting the migrating ions (i.e., ion-conducting
pathway). Therefore, the structural features of ionic conductors can be classified into
three types.! First is the channel (porous) structure or layered structure that allows the
included ionic carriers to migrate efficiently in the spaces (e.g. Na-f-alumina). Second
is the mean structure, where the ions can migrate to various lattice points, resulting in
averaged occupancy of the ions on these sites (e.g. a-Agl). Third is the defect structure,
including some defects on the lattice point and the ions located on the neighbouring
lattice point can migrate to the next position (e.g. Y-doped ZrOy).

Metal-organic frameworks (MOFs) have recently emerged as a new class of ionic
conductors due to their excellent materials variety and designable pores. The porous
structure of MOFs is fundamentally suitable for creating highly ion-conductive
materials by constructing efficient ion-conducting pathways in the pores. Many
researchers have investigated to create novel ionic conductors using various ionic
carriers such as proton (H*),? hydroxide ion (OH"),® and lithium ion (Li*).* Since the
ionic conductivity (o) is expressed as o = zenu (S cm?), where z is the valence of the
ionic carrier, e is the elementary charge, n is the carrier concentration, and w is the
mobility of the charge carrier, it is clear that the introduction of an ionic carrier into the
pores of MOFs (high n) and the construction of a suitable environment for the mobile
ions in the pores (high ) are the critical points to achieve high ionic conduction. One
of the specific features of MOF-based ionic conductor is the guest inclusion. The guest
molecules, namely ‘conducting media’, which enhance the migration of included ionic
carrier, can be introduced into the remaining pores of MOFs to achieve high mobility of
the ions. For example, H.O molecules adsorbed in MOFs often enhance the H*
conductivity,? which is related to the specific conducting mechanism of H*, named as
‘Grotthuss mechanism’.

We have recently focused on the ionic conduction of multivalent ions such as
magnesium ion (Mg?*) in MOFs. In particular, the Mg?* conductor is one of the key
materials for realization of the next-generation secondary battery without the use of rare
elements such as Li. However, the number of reports on highly Mg?*-conductive solids
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is considerably smaller than that of Li ions. In
the case of MOFs, there are a few reports on
conductivity of Mg?*-included MOFs.>®
However, there is a lack of direct evidence of
Mg?* transport and understanding of the role
guest molecules for Mg?* conduction in the
MOFs. We recently succeeded in
demonstrating that efficient Mg?* transport
truly occurs in the pores of MOFs and that
Mg?* conductivity strongly depends on the
types of adsorbed guest molecules.” We
prepared a MOF, Mg-MOF-745{Mg(TFSI)2}«
(x < 0.15) (TFSI” =
bis(trifluoromethanesulfonyl)imide),
only Mg(TFSI), inside the pores (Fig. 1) and
evaluated the
presence of various guests vapors (Fig. 2). The

ionic conductivity under the
ionic conductivity, evaluated by alternating
current (ac) impedance measurements, strongly
depended on the guest molecules and Mg-MOF-

The 102nd CSJ Annual Meeting
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Fig. 1 (a) Schematic illustration of the

introduction of only Mg(TFSI); salts inside
the pores of Mg-MOF-74. (b) XRPD

patterns of Mg-MOF-74o{Mg(TFSI),}x.”

conductivity of 2.6 x 10* S cm™' under MeOH
vapor at room temperature. Since the ac
impedance measurements could not directly
evaluate the Mg?* conductivity in this compound
because of the presence of anion, TFSI", we also
estimated the transfer number of Mg?* of the MOF
by dc polarization of the cell constructed by non-
blocking electrodes and confirmed the efficient

Mg?* conduction in the MOF (tmg2+ = 0.47). The

74>{Mg(TFSI)2}0.15 showed superionic
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Fig. 2 Temperature dependence of the ionic

conductivity of the sample of x =0.15, Mg-

MOF-74>{Mg(TFSI)2}0.15”

tendency that the conductivity deeply depended
on the size of guest molecules is indicative that the
high Mg** conduction is derived from the

migration of coordinated species of Mg?".”

1) M. Sadakiyo, H. Kitagawa, Dalton Trans. 2021, 50, 5385-5397. 2) M. Sadakiyo, T. Yamada, H.
Kitagawa, ChemPlusChem 2016, 81, 691-701. 3) M. Sadakiyo et al., J. Am. Chem. Soc. 2014, 136,
1702-1705. 4) B. M. Wiers, J. R. Long et al., J. Am. Chem. Soc. 2011, 133, 14522—-14525. 5) M. L.
Aubrey, R. Ameloot, B. M. Wiers, J. R. Long, Energy Environ. Sci. 2014, 7, 667-671. 6) S. S. Park, Y.
Tulchinsky, M. Dinca, J. Am. Chem. Soc. 2017, 139, 13260-13263. 7) Y. Yoshida, M. Sadakiyo et al., J.
Phys. Chem. C 2021, 125,21124-21130.
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Electrically Conductive Metal-Organic Frameworks

(Department of Chemistry, Pohang University of Science and Technology) O Sarah S. Park

Keywords: Conductive Metal-Organic Frameworks (MOFs), 7 interactions

The development of conducting metal —organic frameworks (MOFs) provides an avenue
for creating high surface area conductors with potential applications ranging from
electrocatalysts and chemiresistive sensors to supercapacitors. Highly ordered and infinite
charge/ion transport pathways could be realized in conducting MOF platforms to yield high
conductivity. However, it is difficult to engineer electrical conductivity in MOFs because these
materials generally have flat bands determined by highly localized organic states and weak
hybridization with the inorganic units. Based on using intermolecular n-stacking interactions
as topology defining factor of MOFs,! strategies for synthesizing and utilizing the conductive
and microporous MOFs will be discussed. In addition, four isostructural materials of general
formula Mo(TTFTB) (M = Mn, Co, Zn, and Cd; TTFTB* = tetrathiafulvalene tetrabenzoate)
were synthesized and their single crystal conductivities were studied. Mo(TTFTB) exhibit a
striking correlation between their single-crystal conductivities and the shortest S---S interaction
defined by neighboring TTF cores, which inversely correlates with the ionic radius of the metal
ions.? These results provide a systematic blueprint for designing new electrically conductive

MOFs based on the through-space charge transport formalism.

1) S. S. Park, C. H. Hendon, A. J. Fielding, A. Walsh, M. O’Keeffe, M. Dinca, J. Am. Chem.
Soc. 2017, 139, 3619. 2) S. S. Park, E. R. Hontz, L. Sun, C. H. Hendon, A. Walsh, T. Van
Voorhis, M. Dinca, J. Am. Chem. Soc. 2015, 137, 1774.
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Photocatalysis Utilizing Photoinduced Electron Transfer Coupled
Phase Migration

(Faculty of Science and Engineering, Chuo University, PRESTO/JST) O Akinobu Nakada
Keywords: Photocatalysis; Phase migration; Photoinduced electron transfer; Ferrocene;
Backward electron transfer

The natural photosynthesis adopts multistep electron and proton transport crossing
the interface of Thylakoid membrane for extremely efficient photogenerated charge
transport, giving a considerable yield of light-to-chemical conversion.' Such redox-directed
phase migration can be a rational tool to suppress the backward electron transfer in
photocatalysis. We have aimed to construct “photoinduced coupled-electron transfer and
phase migration” in two-separatable solvent system, where the oxidized form of an electron
donor, generated by the photoinduced electron transfer to a photosensitizer in a liquid phase,
migrates to another liquid phase. It is expected to suppress the backward electron transfer
between charge separated pair due to their spatial separation.

Herein, we report a reductive coupling of benzyl bromide driven by
visible-light-induced coupled electron transfer and phase migration of ferrocene in biphasic
solutions composed of water and halogenated solvent (Figure).? Visible-light irradiation to
the 1,2-dichloroethane/water biphasic solution,

where Fc, Ru(ll) or Ir(Ill) complex H0 —
photosensitizer, and benzyl bromide (Bn-Br) <S> A
were initially distributed in the DCE phase, &
facilitated reductive coupling of Bn-Br to Phase a
dibenzyl (Bny) using Fc as an electron donor to migration z
form Fc'. The key finding is that Fc', generated

by photooxidation of Fc in DCE phase, migrated ©jo

to the aqueous phase following the driving force o
due to drastic change of partition coefficient \e/ »
Vg

compared with Fc. On the other hand, the same “
Photosensitizer

photolysis in the absence of aqueous phase failed ~ 2
to afford any product. Thus, the liquid-liquid /1/2*
phase migration is essential for facilitating 1,2-C,H,Cl ©/\a'

reduction of Bn-Br in the DCE phase by spatial Figure. Photoinduced coupled electron

transfer ~and  phase  migration
suppressing backward charge recombination. developed in this study.

separation of Fc® to the aqueous phase,
p q p

1) A. Thilagam, J. Math. Chem. 2014, 53, 466.
2) R. Itagaki, S.-Y. Takizawa, H.-C. Chang, A. Nakada, 7o be submitted.
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Organorhodate and -Iridate —Structure and Reactivity—

(Graduate School of Engineering, The University of Tokyo) (OTakanori Iwasaki
Keywords: Ate Complexes; C—O Bond Cleavage; Homoleptic Complexes; Iridium;
Rhodium

Anionic organo transition metal complexes, so-called “ate” complexes, show unique
structural feature as well as reactivity. In addition to the classical alkylating reagents such as
Gilman reagents, ate complexes have recently been attracting attention as key catalytic
active species as useful synthetic tools. In this context, we have developed organo metalates
of various late transition metals and employed them to C—C bond formations. In this lecture,
I will present our achievements on organo metalates of the group 9 metals, Rh and Ir.

In 2014, we reported that the coupling reaction of alkenyl aryl ethers with aryl
Grignard reagents via the vinylic C—O bond cleavage proceeded smoothly in the presence of
catalytic amount of [RhCl(cod)]» (Scheme 1a).! This catalyst showed unique
chemoselectivities including selective cleavage of vinylic C—O bond even in the presence of
aromatic C-O, C-S, and C—Br bonds.

Mechanistic studies revealed that the treatment of [RhCl(cod)], with an excess
ArMgBr yielded [RhAr(cod)], which reacted with a vinyl ether to give the coupling
product. The corresponding [Li(dme)s;][RhPha(cod)] (1rn) Was successfully isolated and
determined it structure by X-ray crystallography (Scheme 1b). Indeed, the isolated 1rn
catalyzed the coupling reaction, suggesting the intermediacy of the diarylrhodate.

Recently, we conducted further mechanistic studies to gain the insight into the reaction
mechanism.”> A kinetic study using a flow microreactor revealed that the reaction of
diarylrhodate with phenyl vinyl ether is the rate-determining step in the catalytic cycle. In
addition, olefinic ligands in the Rh pre-catalysts largely affected catalytic performance, and
[RhCI(CH,=CHz),]» showed ca. 20 times higher catalytic activity in comparison with
[RhClI(cod)]. (Scheme 1c¢). DFT calculations suggest that the reaction between diarylrhodate

(a) Coupling reaction of alkenyl ethers with aryl Grignard reagents (d) Calculated TS of Mg-assisted insertion step
[RhCl(cod)],
R~ . (0.05-5 mol %) R.
N + ArMgBr
OPh THF, rt Ar
(b) X-ray crystallography (c) Eyring plot

-26
[RhCI(CH,=CHa)ol,
-28 R?=0.992

-32
[RhCl(cod)l,
34 1 R2=0.993

-36 + T T
0.0032 0.0033 0.0034 0.0035 0.0036 0.0037

1T (K)
Scheme 1. (a) Rh-catalyzed cross-coupling of alkenyl ethers with ArMgBr. (b) ORTEP drawing of
1rn. (c) Eyring plot of the reaction using [RhCl(cod)]2 and [RhCI(CH2=CHa)2].. (d) Transition state
of insertion of vinyl ether.

In(hkops/kgT)
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and vinylic ethers proceeds through Mg cation-assisted insertion/anti-B-oxygen elimination
sequence (Scheme 1d). Based on these mechanistic understanding, we successfully applied
the Rh catalyst to the cross-coupling reaction of benzofurans with aryl Grignard reagents.’

Analogous lithium diphenyliridate 1; was synthesized by a similar way to 1ra.> X-ray
crystallographic analysis of the complexes showed both contact ion pair (CIP) and
solvent-separated ion pair (SSIP) structures depending on the coordination environment
around the Li cation.

During the course of the investigation on Rh(I) and Ir(I) organo metalates, we found
that Rh(III) and Ir(III) also form ate complexes upon treating aryllithium reagents.* In 1989,
Wilkinson and co-workers reported [Li(tmeda)]s[MMes] (M = Rh and Ir) and determined
their structure to be a CIP structure.’” However, attempts to synthesized homoleptic
hexaarylmetalate of Rh and Ir using electron-deficient pentahalophenyllithiums resulted in
the formation of pentaarylmetalates, and hexaarylmetalates had not been synthesized for d°
transition metals.

When MClIs(tht)s (M = Rh and Ir) was treated with 8 equivalents of PhLi, the
corresponding [Li(thf).][s[MPhs] 2 was obtained in 70-76% yields. Crystals suitable for
X-ray crystallography were obtained by recrystallization in the presence of 12-crown-4.
X-ray crystallography revealed that the crystal structure of 2rn contains one Rh bearing six
Ph moieties in an ideal octahedral geometry and three Li cations. Two Li cations with one
THF molecule contact the Ph moieties on Rh, and the other in the outer sphere is
surrounded by two 12-crown-4 molecules (Scheme 2a).

'Li NMR and solution-phase EXAFS analyses of 2i indicated that the partially
solvent-separated ion pair structure was maintained even in a coordinating solvent, THF
(Scheme 2b and c). This may suggested that the coordination of Li cations to the anionic

counterpart stabilizes the trianionic iridate.
(b) 7Li NMR l (c) Féﬂing analysis of EXAFS

i _ o
60°C \ R feictor 1.14 A_1
Ak =2.2-10.6 (A™")

A
20°C i\ 6 JAR=1.17-313 (A)

Radial distance (A)
Scheme 2. (a) ORTEP drawing of anionic part of 2rn. (b) VT 7Li NMR of 21r. (¢) EXAFS spectrum
of 2ir and 10 equiv. of 12-crown-4 in THF (solid line) and fitting carve of calculated structure
(dashed line).

1) T. Iwasaki, Y. Miyata, R. Akimoto, Y. Fujii, H. Kuniyasu, N. Kambe, J. Am. Chem. Soc. 2014, 136,
9260. 2) T. Iwasaki, W. Ishiga, S. Pal, K. Nozaki, N. Kambe, submitted. 3) T. Iwasaki, T. Akaiwa, Y.
Hirooka, S. Pal, K. Nozaki, N. Kambe, Organometallics 2020, 39, 3077. 4) T. Iwasaki, Y. Hirooka, H.
Takaya, T. Honma, K. Nozaki, Organometallics 2021, 40, 2489. 5) R. S. Hay-Motherwell, G.
Wilkinson, B. Hussain, M. B. Hursthouse, J. Chem. Soc., Chem. Commun. 1989, 1436.
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Recent Advance in the Chemistry of Low-Coordinate Low-Valent
Transition-Metal Complexes

(Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, 345 Lingling Road,
Shanghai, 200032, People’s Republic of China) OLiang Deng
Keywords: Carbene; Cobalt; Iron; Low Valent; Open-Shell

The knowledge on the formation, structure, and reactivity of low-coordinate 3d metal
species forms the basis for the development of new 3d metal-catalyzed organic
transformations and also disclosing the mysterious mechanisms of enzymatic catalysis and
“single-atom” catalysis.!? Aiming to deepen our knowledge on this type of reactive metal
species, we have been working on the chemistry of low-coordinate zero-valent cobalt, iron
and manganese complexes with N-heterocyclic carbene (NHC) and olefin ligation for years.
This ligand set is found effective in stabilizing three-coordinate cobalt(0), iron(0), and
manganese(0) complexes in the forms of (NHC)M(olefin),. In this presentation, the
synthesis, electronic structure, and reactivity of the three-coordinate zero-valent metal
complexes will be discussed. 4

\ s

A ~sin

[ C— MO M = Co, Fe, Mn
N’ N\ —Si—
Ar =N

1) D. C. Bradley, M. H. Chisholm, Acc. Chem. Res. 1976, 9, 273. 2) P. P. Power, Chem. Rev. 2012,
112, 3482. 3) S. Roy, K. C. Mondal, H. W. Roesky, Acc. Chem. Res. 2016, 49, 357. 4) Y. Liu, L.
Deng, Acc. Chem. Res. 2020, 53, 244.
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Stabilization and Design of Aqua-Iron Complexes for Replacing TiO, (International Center for
Materials Nanoarchitectonics, National Institute for Materials Sciences) Yusuke Ide

Despite the ubiquity of aqua—Fe(Ill) complexes in biological enzymes and their useful
properties and cost-effectiveness for many applications, artificially stabilising these fleeting
molecules for practical use remains challenging in terms of their stability, the precise control
of aqua—Fe(Ill) complex structures, and the safety of supports. Herein, we demonstrate that
dimeric aqua—Fe(IIl) species can be stabilised/designed using mesoporous silicas or layered
silicates to produce UV absorbers or photocatalysts whose performances exceed to that of
commercial TiO, nanoparticles. We also report that an exceptional type of green rust, which is
a Fe(II)/Fe(Ill) mixed-valent iron mineral and previously thought to be very instable against
oxidation, shows high oxidation stability and good photocatalytic activity higher than that of a
benchmark TiO, nanoparticle.

Keywords : Iron Oxide; Aqua-Iron Complex; Mesoporous Silica; Layered Silicate; Green Rust

BT aERIIEER EOARRRTIHBEBEL TVWDA, @FIIALETAL
PIZRENASEDL Z ERFHELWY, fEZHEVWVEZELSELZFIETHL b OO, 4
e D2 EMESCH R DL M G ORFHEICITRENE - TR Y, $
HTIHOLS ELBMEETEL LIEMBITRICIEE > T wn, Fox i, EIRE:
BRESCEZAE YV D 2B AW THETRAOND L) gk otk —Bikz
A BEASHED LRI LI Y, F, BEWIEBLICR L TARE &
EZONTEREZ V=205 2 (F/FS RIBRE KR, BIE1T 7 285k
OWITE Y E R gd) #BLICR L TRERKRECAKRTAZ LI
RO L= Y, ST, TR TiOy 7/ ki Z 9 % ¢ fl R fE
UV E#EREEZ R L., AME~OLZEENE SN TWD TiO, 7/ kK + D8
& RDAEEMEMO TS,

Ferric oxide
deposition,
immobilization

Partial etching
of Feand O
—_—

1) Ide et al., Chem. Sci. 2019, 10, 6604. 2) H. El-Hosainy et al., submitted. 3) R. Tahawy et al., Appl.
Catal. B 2021, 286, 119854.
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Magnetic Property of Heterostructured Nanosheets Film
(Faculty of Science and Technology, Keio University) OTakashi Yamamoto

The concept of an “organic-inorganic” hybrid is relatively old but still effective for
fabricating functional materials. Recently, in the field of molecule-based magnetism, the
approach of an “inorganic-inorganic” heterostructure is growing considerably, where
synergistic magnetic properties are emerged. In particular, utilization of two-dimensional
materials as a building block is one of the straightforward strategy due to their fascinating
electronic properties. Overall, integration of appropriate molecular building blocks leads to
develop an innovative functional material. Herein, I would like to introduce our recent
examples of heterostructured magnetic materials based on layered double hydroxides (LDH):
(i) intercalation compounds exhibiting tunable magnetic properties and (ii) stacked nanosheets
assemblies exhibiting a photoamplification of perpendicular magnetic anisotropy.

Keywords: Two-Dimensional Material; Layered Double Hydroxides; Molecule-Based Magnet,
Photochemical Reaction, Layer-by-Layer Assembly

BEREPEM B OBIHNIZ I W T, TEE— ) oA 7 U > N &R I iR
HWNHLOD KR E LA T 7 a—FTh D D, ITHE, 5y FRAED B IZ BV T,
(R — R ) ~T m*%iﬁ@éum X o THENRBEE T 2 R SR BADNE A
AT TN D D, BRC, 2RREFYIEEZRT 2 RTME 2 ~T nfiiEo e s 4
Vﬁfﬂy?&bfﬂ%?é_&j;ﬁ@%&77m—%®U&O&LTuEOT%
nNo, UbzaBEz s &, WUIRELT 4770y s #8895 2 & BNHEHR R
REMMELOBIIZ D72 b &5 2 5, Al ClI, BIREKE/IY (LDH) 2 /LT
(T Tay 7 & LT v s ORI 2 B2 ORI Z BT 5,

[1] B&PE LDH Z AR A b & U ERLEWIZET D BRI D285 2

A HE =T — a3 028K -5T . Co A A& Ni 44 %%Te LDH (Co-Ni LDH)
DIEENCT VX NEED IR D ANVK VBT =4 %8 A (Co-Ni-CnSO; LDH) L
7oo BR X RIBIPTIZ X D&M 2> 5, Co-Ni—CnSO; LDH DO HIFIEAY n (2xf LT

EARENTEIML TV D Z & D3RR ém Co—Ni LDH D JE[HIERHEN RFEAIIZZ L LT

BalEiRZhi 2 5 2 LN TE T2, 2 K TR DBLOBGRFETIE, n, Thbb)E
RS ELT%MﬁWWMLﬁO;ﬂJZCWMLMJ@EW=@<%§@WEW
F & @ N8 < OB T EAER OBEA I L > TR T = 5, 8RR+ 12K
T UWDEMEIRIZ B WD TS TR BN DRSO A BAERIC LD 5N EHR X 513 L
INE L TR BRER, SRR OIS BAEA N KB & 72 | RN RO ST & B
ZHN5,
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[2] Co-Ni LDH 7/ i — MNEBEICE T 2 EEMA RGO i 4

T v — M OJEER & BRE) /) & L7z layer-by-layer 152X > T, Co-NiLDH 7/ ¥
—h&ERARX T H A N (SSA) T/ v — b DOHEFE ([Co-Ni LDH / SSA]) & /ER L7-,
JF7-TE D BEASEE (AFM) 36 L OVREAST X #R [T (GIXD) (24X Y, Co-NiLDH & SSA
DH—F ) > — NDRELZ O % KM LI &S E NGRS N2 &0n ZhEho
T = N MIRAIZHERBE ENTWD Z ENRB I NTZ, 2K (28T DAL ORIGIHKAT
PECIE, HE T RIS 2 N L7286 (H) DSENGRoOZi (H) &0 bEES
N4 < BRIENNE H T 2700e TH 7Dk LT Hy Tl 1400e THHo7-Z
&6, [Co-NiLDH /SSA] ILIEEMAE iM% R LTz (Figure 1a),

J 7 v— b OJEEN &2 BRE) /) & LTz layer-by-layer 1512 X > T, Co-NiLDH 7/ v
— h&F ¥ W (TO) F /v — N OEFEM ([Co-Ni LDH / TO]) Z{E# L 7=, GIXD
(&Y. Co-NiLDH & TO DH—F /) — hDEHZOFNZ SOk U 7= A% 8 5 1 23 e iR
SN END, ENENDOT ) — EPIRBEIZFEB SN TS Z EDREB ST,
2 K TR DAL ORGSR TIX, LD H B30 HE OBEN Hy 10 b
#$i< . [Co-NiLDH/TO] IZEERK ST % 7/~ L7= (Figure 1b), X2, TO F ./ ¥
— hDONRY KXy » TRIE 1TV, 2K (2B DAL OSSR ZRIE L= L 2 A,
WAL E L < Uiz, Wb LTeBbRIT KRR KET 5 Z ik > ThRIE L,
X BIEE 96 (XPS) HIEN D, JERREIZ L - T Co-Ni LDH H® Co(lll) A 4>
D—HEPBETLINTND I ENER SN, 7725, [Co-Ni LDH / TO] IZ81F 5
EEMKEFEONRERIT TO OhEEE T4 Co-Ni LDH (ZEA Iz Z L IZEK
L. FEBRIZERRSRI# CREMKETHEOESWITH 300% HEE S,
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Figure 1. Field-Dependent magnetization at 2 K: (a) [Co—Ni LDH / SSA] and (b) [Co—Ni LDH / TQO]

1) K. J. C. van Bommel, A. Friggeri, S. Shinkai, Angew. Chem. Int. Ed. 2003, 42, 980.
2) a) E. Coronado, Nat. Rev. Chem. 2020, 5, 87; b) G. Abellan, C. Marti-Gastaldo, A. Ribera, E. Coronado,

Acc. Chem. Res. 2015, 48, 1601.

3) C. Zhang, T. Tsuboi, H. Namba, Y. Einaga, T. Yamamoto, Dalton Trans. 2016, 45, 13324.
4) T. Yamamoto, H. Namba, H. Ogawa, S. Sasaki, Y. Einaga, under review.

5) T. Yamamoto, T. Tsuboi, H. Ogawa, Y. Umemura, Y. Einaga, in preparation.
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Self-Repairing Electrocatalyst Consisting of Hybrid Metal Hydroxides for Alkaline Water
Electrolysis (\Graduate School of Engineering Science, Yokohama National University)
OYoshiyuki Kuroda'

Production of H, from renewable energy is highly demanded to solve global warming.
Alkaline water electrolysis is promising because of its low cost and scalability; however,
degradation of electrocatalysts due to suspension of an electrolyzer is problematic. In this study,
self-repairing electrocatalyst by the electrodeposition of hybrid cobalt hydroxide nanosheets
(Co-ns) with the 2-D morphology is demonstrated. Deposition of Co-ns on a Ni substrate by
electrolysis is applicable for in-situ repair of degraded catalyst film. The accelerated durability
test of a Ni electrode coated with Co-ns exhibited quite high durability with the help of short
electrolysis to repair electrode. Consequently, the self-repairing catalyst is useful to improve
lifetime of alkaline water electrolysis powered by renewable energy.

Keywords : alkaline water electrolysis, oxygen evolution reaction, metal hydroxides, hybrid
materials

HIERIR BV A OfFERAZ 7T, FAERBE= R AL X — DK N2E ThH 5, AR
TRNAX—EHYFHAT D70, KEMIZLHKBRGEDNERE SN TWD, 7B
REMRIIAL = A N CRBERLE IS L 72 A0 EIERRICEEE R84 L, AR
FHIELTLE S, WERITEMRICE D BEINTCEmD, AZIERFICHET 28R TH
0. ERATESS NI SO L Ry 7 203400 k3 2 & TR O RIBE, i, 2EEN
AT %, RS 2 BB THIET 2 2 & THLZIHIT 2 Z &3 TE 2703,
LE TR A IAREETE DM ME AN B 0 | TEYE & T AMED WSZICEREDN & 5,

TVT VIKEMAT /— RIEEIZ Ni X° Fe 2HR5BENT /7 — FELLTAL
T BRI b ISR A S (OER) il &b 70 %5, ZA B I RO EIR{LEH T
HY . FIEEL ., BRI B S EAUL, SNH b R S AT RE 2R AR AR & L
TOFMHAPHFETE S, T72bb, HERICE VAL LIEME, BRI BT
Tl 2 W CTEE T 5 H CEEN Y AT ADMEE TE 5, FR1IC IR TSR EMR
WRIZ T DAk % R DO Th, FRICHEMOREICHE LIHEEL B 6N D,

AWFZETIL, ARREMIC X 0 RimfE, otz SOl Aa 7Y v FAKBR{L= 30 b
F 7 v — b (Cons) MW, BCEEEMAMEL S X7 JMZOWTRMNT 5, D EF
&R IKIRAC ) Z i IREE DT VA ) MRS B S D 2L 1R LV s, kR ke &
SPIEAL IS L0 RIS EAT T 5 Z & T RBERE. oEEE M LS ¥, vy
Fy Tov U KEMEO R ENME 1R AR L7 IS bR K0 | A 2 B L7

Co-ns [% CoCly-6H,0 D /KIFHE & tris(hydroxymethyl)aminomethane (Tris-NH,, [X] 1(a))
EDRISIZEOVRGIZAMT 52 &N TE D, 2 Tris-NH, 1£ 3 2D 7 /b= —/)LE L
(CH,OH) #HF L, ZHdKERb=a v sDO7 N —H A MNaRIEOKEEEE ZHOR
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FE72 7 vadxy REfEad 5, Tris-NH IR 2 43 2 72 D O HIFREAl & L
Ty, @omimisEi e a7V > MEE (K 1(b)) % one-pot TERLT 5,

IZ. 1 MKOH 1T Co-ns Zfilifi: & L7= OER Bk L ONHAGRBR A 1T -7, B
I EERRIZ &R NI &2 W o — 7 B TITW BRI IZAKY 40 ppm @ Co-ns & 77 HE S
Hio, SRMBIZIEAKFEEM (RHE) Z MW, ZO&/L T 800 mAcm? D E B

EEEITH & ERMm RIS CO -ns 73MZIK$*L TEPE 7 il fg 2 FE Rk L 7o, BRI
filifE 2 JER T & D & D T &L, BRSILRFIC BRI D O ARy 2 e L. I
RCTEDHZ L EER Lﬂ\éo if:ﬂﬂ\i%{?&b\_ 2, BHEOZHETHIL, BEIHE
FEDEERIZ X0 N OTEMESUTFI AR FTRE & 72 543, Co-ns 2> 72 5 2 fLUE ikl g <
IXBNEE TIEMHER E LTHREEL TV D Z E btz

TIVH Y KEMOELENE IR A4 U2 RS bR, CV & 0iTo7=, CV
O IR ITFEAIRREZ AL L7 1.8 V vs. RHE & L. TFREAIIWERIC X 5 ikEE
ZRLL7Z 05V vs. RHE & L72, Z4L% 500 mV s THED KL, 2000 ¥ 7 /LIS
OER JEMEZHIE LTc, F7z, MiEOEE D=8, 2000 YA 7 L4EIC 800 mA cm™? T
DFEM A 30 min 172 72, Fig. x (IR RIS Al 2 478 L Tuh72u Ni @ T, 10000
YA 7 VETICRIEZBEEOHNINAED HTZA, Co-ns & H7E L /- EM CIIiEE
E(Dt%ﬂurbi;fﬁ ImV LB TH-o7 (X 1(c), DI, BET v REMNZ NS
LEBR Tk, WEEOHINTIRD BT, FARANRIEEZ RS Z L brol, F
72, X0 EiEMEZ: OFR fitfif & LT 5415 NiFe LDH 72 &, BEBEE&RZEES Lo
A7V v RKBEfREECIL, S oImVIEEEHERF T2 2 E RN TE T,

PlbEXY, ot/ v— MEEEZEETDH ATV v RAKBba v P o— |
2LV AR XA =2 HW=T A H U KERIZBWCEMANEEZERTX 5
ATREME DR ST,
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1. (a) —MHRIENL -, Co-ns DFEETET /L, (b) LB 7 1 & 2 DX, (c)
Mt AGRERIZH5 1T 5 OER I®EE & CV 1 7 VOB,

1) Y. Kuroda, T. Nishimoto, S. Mitsushima, Electrochim. Acta 2019, 323, 134812.
2) Y. Kuroda, T. Koichi, K. Muramatsu, K. Yamaguchi, N. Mizuno, A. Shimojima, H. Wada, K. Kuroda,
Chem. Eur. J. 2017, 23, 5023.
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Enhanced Photochemical Reactions on Low-dimensional Materials (' Department of Materials
Science and Technology, Faculty of Engineering, Niigata University) OTatsuto YUL'

The chemical reaction in homogeneous solution proceeds via diffusion and collision
processes. In many cases, chemical reactions do not proceed the diffusion and collision
processes. Especially, photoreactions strongly affects the diffusion processes, due to the
photoreaction starts the electrically excited state having very short lifetime. Tush, this is a one
of the important factors in lowering the efficiency and selectivity of photochemical reactions.
On the other hand, selective and highly efficient reactions proceed in the bio systems, due to
the nano-ordered fixation of reactant within the systems. We have reported that the molecular
fixation techniques of dyes on the low-dimensional materials, such as clay minerals, and found
that unique photochemical reactions. We will present here the nano-ordered molecular
orientation and enhancement the photochemical reactions on the surface of the low dimensional
materials.

Keywords : Photoreaction, Low-dimensional Materials; Clay; Dyes; Molecular Orientation

B) VIR DAL A O T ., B O B BRI S SN D 72 AR ITIEBOEE DL
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Liquid Crystalline Nanosheets/Polymer Composite Gels with
Structural Colors

(Graduate School of Engineering, Fukuoka Institute of Technology) O Nobuyoshi
Miyamoto
Keywords: Structural Colors, Inorganic Nanosheets, Liquid Crystals; Nanocomposite Gels

Inorganic nanosheets obtained by exfoliation of layered crystals have been investigated as
intriguing nanomodules for various functional materials. Under a certain condition,
nanosheets dispersed in a solvent are spontaneously ordered to form crystal phase with
regulated superstructures'. In this study, we prepared the layered perovskite nanosheet
liquid crystals with lamellar-like periodic structure that show structural colors and
immobilized them in polymer gel by in-situ polymerization technique,’ in view of
applications as stimuli-responsive soft materials.

The perovskite nanosheets colloids were synthesized using the method reported previously. '
To obtain the composite gels, monomers (e.g., N-isopropylacrylamide), crosslinker and
photoinitiator were dissolved into the nanosheet colloid and the mixture was irradiated with
UV-light to proceed photo polymerization.

The nanosheet colloid (3 wt%) showed pearl-like structural color, giving the maximum
reflectance wavelength (Amax) of 450 nm in the visible reflectance spectrum. As the
monomer was added, Amax shifted to 439 nm, indicating the slight change of the interactions
between nanosheets. Even after polymerization and swelling to equilibrium state, the
structural color was retained (Amax = 567 nm), indicating successful immobilization of the
superstructure of the liquid crystalline nanosheets. The color of the gel was reversibly
changed by mechanically compressing the gel.

Acknowledgment: This research was supported by KAKENHI (#24104005 and
#15K05657) and Network Joint Research Center for Materials and Devices (#20191350).
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Speculation of formation pathway of zeolite using ESI-MS and NMR ('Graduate School of
Advanced Science and Engineering, Hiroshima University) ONao Tsunoji,'

Zeolite is porous material used in the industry as a catalyst and adsorbent. Despite of the various
application fields of zeolite, because of the complicated formation scheme of the framework,
to control the synthesis system of zeolite is still difficult, limiting the rational development of
the new function and property. Numerous efforts using various analytical methods have been
paid to speculate the crystallization mechanism of zeolite. However, the molecular level insight
of synthesis intermediate and their relation to zeolite formation is still not clear completely.
Herein, we show the analytical method to investigate the formation pathway of AEI and CHA
zeolites combining the electrospray ionization mass and NMR spectroscopies to get molecular
level insight for more precise zeolite synthesis'?.

Keywords : Zeolite; Electrospray lonization Mass Spectroscopy, Intermediate Oligomer;
Hydrothermal Synthesis, Crystallization mechanism
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1) Formation pathway of AEI zeolites as a basis for a streamlined synthesis. N. Tsunoji, D. Shimono,
K. Tsuchiya, M. Sadakane, T. Sano, Chem. Mater. 2020, 32, 60.

2) High-quality synthesis of nanosized CHA zeolite by combination of starting FAU zeolite and
aluminum sources. T. Tanigawa, N. Tsunoji, M. Sadakane, T. Sano, Dalton. Trans. 2020, 49, 9972.
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Innovative Batteries for Sustainable Mobility (7oyota Motor Corporation) Hideki Iba

Electric vehicles (Fig. 1) are expected to become widespread in order to realize a sustainable
society. Since electric vehicles emit less carbon dioxide during driving, reducing the amount of
carbon dioxide generated during the production of electric power and vehicles can contribute
to carbon neutrality. Therefore, there are great expectations for innovative batteries, and many
studies have been conducted so far.

This time, I would like to introduce research examples of these innovative batteries for each
carrier ion shown in the periodic table of Fig. 2 and discuss their current status and issues.

Keywords : All Solid-state Battery; Metal Air Battery, Sodium lon Battery, Magnesium lon
Battery; Metal Hydride

Ffoe B tE R REBLO 7= 01 BB (Fig.1) OE LK AFIFREES TS, BB,
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AT, =R =a— b T VICHBRTE 5, Z£07DIZ, FrEh~D Wt
MREL, TNETITHESZ L ORI TE T,

Fig. 1 Example of electric vehicles
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Fig.2 Periodic table (excerpt) and carrier ions for next-generation batteries
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1) —FIZ—HJEHZR, Kohei Tamao, http://www.pcost.or.jp/index.html
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Development of all-solid-state battery with inorganic amorphous material (Graduate School of
Engineering, Osaka Prefecture University) O Akitoshi Hayashi, Atsushi Sakuda, Masahiro
Tatsumisago

All-solid-state batteries using inorganic solid electrolytes instead of conventional organic
liquid electrolytes have been extensively studied because of their high safety and high energy
density. Formation of electrode-electrolyte interfaces using superior solid electrolytes is
important to develop solid-state batteries. Amorphous sulfide electrolytes have advantages of
high conductivity and appropriate mechanical properties, which are continuously changed by
selecting glass composition. Liquid-phase process for synthesizing sulfide electrolytes is
effective in having large contact areas with active materials. All-solid-state Li/S batteries with
high energy density have been developed by optimizing the electrode-electrolyte interface.
Keywords : All-solid-state Battery, Solid Electrolyte, Amorphous Material; Interface
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1) A. Hayashi et al., Front. Energy Res., 4, 25 (2016); 2) A. Kato et al., J. Ceram. Soc. Jpn.,
126, 719 (2018); 3) S. Yubuchi et al., J. Mater: Chem. A, 7, 558 (2019); 4) A. Sakuda et al.,
Energy Technology, 7, 1900077 (2019); 5) M. Otoyama et al., ACS Appl. Mater. Interfaces, 13,
5000 (2021).
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New developments in solid electrolytes for all-solid-state battery applications (Institute of
Innovative Research, Tokyo Institute of Technology) ORyoji Kanno

The key to the commercialization of solid-state batteries is the solid electrolyte. The
development of solid electrolytes has a long history. In recent years, materials that meet the
requirements of practical batteries have been available and rapidly developed to improve the
properties of all solid state batteries: in the Li-based system, many new materials have been
developed and optimized to improve the performance of sulfide and oxide batteries. In addition,
sodium-based and fluoride-based materials are being developed to realize new solid-state
batteries. In this presentation, the current status and future of solid electrolyte development will
be reviewed.

Keywords : Solid Electrolyte; lonic conductor,; All-Solid-State Battery
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Challenges and Perspective in Developing Fuel Cell Materials for Vehicles

(lToyota Central R&D Labs., Inc., 2Toyota Motor Corporation, 3Honda Motor Co., Ltd.)
OKensaku Kodama,' Seiji Sano,’ Shintaro Tanaka®

In the growing concerns for environmental and energy issues, including global warming, air
pollution, and energy security, fuel cell vehicle (FCV) is attracting attentions and has been
commercialized for passenger vehicle, bus, and forklift. Further improvements in the cell
performance and durability are, however, required for the spread of PEFCs in the viewpoint of
cost and material reserve. Figure 1 shows the configuration of PEFC, the microstructure of the
cathode catalyst layer, and a typical performance curve of a single cell.” Various factors,
including the catalytic activity, its dependency on the electrode potential, and the transport
property of reactants, affect the cell performance and therefore, it is required to adequately
control the material properties and microstructures. High durability is also an important issue.
These properties are, however, often in a tradeoff relation and technological breakthroughs are
required. In this presentation, we review recent PEFC researches mainly focusing on the
cathode and identify the origin of the tradeoff relation. Promising development strategies are
also discussed.

Keywords : Fuel Cell; Oxygen Reduction Reaction (ORR); Reactant Transport;, Activity,
Durability
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1) K. Kodama, T. Nagai, A. Kuwaki, R. Jinnouchi, Y. Morimoto, Nat. Nanotechnol., 2021, 16, 140.
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Progress of research on perfluorinated electrolyte polymer for fuel cells (AGC Inc. Materials
Integration Laboratories) Satoru Hommura

Fuel cells are attracting attention as environmentally friendly power sources. In particular,
polymer electrolyte fuel cells (PEFCs) have short start-up times since they can operate at low
temperatures and have high output densities. They have already been commercialized for
automotive and stationary applications, and they are becoming more widespread.
Perfluorinated electrolyte polymers, such as Nafion™ (Chemours) and FORBLUE™ i-
SERIES (AGC) are used for PEFCs since the electrolyte membranes are required to have
chemical durability. Currently it is also expected to be applied to commercial vehicles such as
buses and trucks for automobile applications, and electrolyte polymers are required to have
characteristics that can be applied in high temperature operation. The development trends of
perfluorinated electrolyte polymers for high temperature operation will be discussed in the
session.

Keywords : perfluorinated electrolyte polymer, fuel cell
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Current Status and Issues of Electrocalaysts for Polymer Electrolyte Fuel Cells (Clean Energy
Research Center, University of Yamanashi) OHiroyuki Uchida

For widespread commercialization of fuel cell vehicles, it is essential to enhance the
performance and durability of the electrocatalysts. As the cathode catalysts, Pt-alloy
nanoparticles (including core-shell type, shape-controlled type) or nanoframes have been
developed. To mitigate the degradation of polymer electrolyte membranes by -OH radical
attack, the anode catalysts with suppressed production rate of H,O, attract attention. In this
invited talk, the current status and issues of R & D of electrocatalysts for polymer electrolyte
fuel cells will be presented.

Keywords : Fuel Cell; Electrocatalyst; Pt-Alloy; Oxygen Reduction Reaction; Hydrogen
Oxidation Reaction
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