Fri. Mar 25, 2022

B302

Symposium | Co-Innovation Program (CIP) | Innovation of chemistry and
materials science by digital transformation

[B302-3am] Innovation of chemistry and materials
science by digital transformation

Chair, Symposium organizer: Ryo Koga, CHIKYO Toyohiro,

Tsuneo Kashiwagi, Hiroaki lino

9:00 AM - 11:40 AM B302 (Online Meeting)

[B302-3am-01] Transformation of Science, Technology
and Innovation in the Context of Digital
Transformation: Implications for the
Chemical and Materials Fields

©Hiromoto Shimadzu'

(1. Japan Science and
Technology Agency)
9:10 AM - 10:00 AM
[3B30201-04-3add] Incubation Time
10:00 AM - 10:10 AM
[B302-3am-02] Process Design and Control Based on
Process informatics
OHiromasa Kaneko' (1. Meiji University)
10:10 AM - 10:40 AM
[B302-3am-03] Multiscale Simulation for Polymeric
Materials
OTakeshi Aoyagi1 (1. National Institute of
Advanced Science and Technology)
10:40 AM-11:10 AM
[B302-3am-04] Novel optimization method with digital
twin for SiC crystal growth system
OToru Ujihara' (1. Nagoya Univ.)
11:10AM - 11:40 AM

Symposium | Co-Innovation Program (CIP) | Innovation of chemistry and
materials science by digital transformation

[B302-3pm] Innovation of chemistry and materials
science by digital transformation

Chair, Symposium organizer: Ryo Koga, CHIKYO Toyohiro,

Tsuneo Kashiwagi, Hiroaki lino

1:00 PM - 3:10 PM B302 (Online Meeting)

[B302-3pm-01] Digitization of Organic Synthesis
OSeijiro Matsubara Matsubara' (1. Graduate
School of Engineering, Kyoto University)
1:00 PM - 1:50 PM

[B302-3pm-02] Construction, analysis, and database
creation of reaction pathway networks:
Toward chemical reaction discovery led

by quantum chemical calculations
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OSatoshi Maeda Maeda' (1. Hokkaido
University)
2:00 PM - 2:30 PM

[B302-3pm-03] Materials Data Platform DICE for Material
DX
Omikiko tanifuji' (1. National Institute for
Materials Science)

2:30 PM - 3:00 PM

Sat. Mar 26, 2022

B302

Symposium | Co-Innovation Program (CIP) | The frontier of researches and
development in PCP/MOF for energy and environment

[B302-4am] The frontier of researches and
development in PCP/MOF for energy
and environment

Chair, Symposium organizer: Ryu Abe, Akihisa INOUE, Shumpei

Hitosugi, Takashi Uemura, Kazuhiro Seino, Susumu Kitagawa,

Satoshi Horike
9:00 AM - 11:40 AM B302 (Online Meeting)

[B302-4am-01] Creation, characteristics and functions of
metal complex two-dimensional polymer
"coordination nanosheet"
OHiroshi Nishihara' (1. Tokyo University of
Science)
9:05 AM - 10:05 AM

[B302-4am-02] Development of semiconductive
PCP/MOFs
ODaisuke Tanaka' (1. Kwansei Gakuin
University)
10:10 AM - 10:40 AM

[B302-4am-03] Latest Trends in Commercialisation of
Metal-Organic Frameworks
OAkihiro Hori' (1. SyncMOF Inc.)
10:40 AM-11:10 AM

[B302-4am-04] Polymer Recognition and Separation by
Metal- Organic Frameworks
©Nobuhiko Hosono' (1. The University of
Tokyo)
11:10 AM - 11:40 AM

Symposium | Co-Innovation Program (CIP) | The frontier of researches and
development in PCP/MOF for energy and environment

[B302-4pm] The frontier of researches and
development in PCP/MOF for energy

and environment
Chair, Symposium organizer: Ryu Abe, Akihisa INOUE, Shumpei



Hitosugi, Takashi Uemura, Kazuhiro Seino, Susumu Kitagawa,
Satoshi Horike
1:00 PM - 3:40 PM B302 (Online Meeting)

[B302-4pm-01] Electrically conductive MOFs
OHiroshi Kitagawa' (1. Kyoto University)
1:00 PM - 2:00 PM

[B302-4pm-02] Design of Nanospace Materials and Their
Appeal
CHironobu Nanbu' (1. TAIYOKAGAKU
CO.LTD.)
2:05PM - 2:35 PM

[B302-4pm-03] High throughput gas separation by
flexible PCP/MOF with thermal
management capability
OHideki Tanaka' (1. Shinshu University)
2:35PM - 3:05 PM

[B302-4pm-04] Applications and economic evaluations of
continuous adsorptive separation
processes using MOFs
OYoshiaki Kawajiri' (1. Nagoya University)

3:05PM- 3:35PM

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)
9:10 AM - 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)
11:00 AM - 11:30 AM

Symposium | Co-Innovation Program (CIP) | Informatics for every chemist:
Fundamentals of machine/deep learning for predictive data analytics
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[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)
2:10 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))
2:50 PM - 3:20 PM

Thu. Mar 24, 2022

B302

Symposium | Co-Innovation Program (CIP) | Materials informatics for
surface and interfacial systems

[B302-2am] Materials informatics for surface and
interfacial systems

Chair, Symposium organizer: Kenji Hara, Michihisa Koyama,

Nobuyuki Zettu, Tadashi Taniguchi, Kozo Tamura

9:00 AM - 11:40 AM B302 (Online Meeting)

[B302-2am-01] The challenges to low-carbon technology
at ENEOS
Perspectives from co-developer and user
of Matlantis™,a high-speed atomic-scale
simulator
OTakeshi Ibuka' (1. ENEOS Corporation)
9:10 AM - 10:00 AM

[B302-2am-02] Development of the exhaust gas
purification alloy catalyst in automobiles
Using Digital Screening
CHitoshi Mikami1, Satoshi Hirose1, Hiroki
Takeori1, Masafumi Sakota1, Tatsuya Okayama1

(1. Honda R&D Co., Ltd.)



10:10 AM - 10:40 AM

[B302-2am-03] Analysis of magnetic function using
extended Landau free energy model
OMasato Kotsugi1 (1. Tokyo University of
Science)
10:40 AM-11:10 AM

[B302-2am-04] Application of machine learning methods
to neutron scattering data for materials
analyses
OKazuyoshi Tatsumi' (1. Japan Atomic Energy

Agency)

11:10 AM - 11:40 AM

Symposium | Co-Innovation Program (CIP) | Materials informatics for
surface and interfacial systems

[B302-2pm] Materials informatics for surface and
interfacial systems

Chair, Symposium organizer: Kenji Hara, Michihisa Koyama,

Nobuyuki Zettu, Tadashi Taniguchi, Kozo Tamura

1:20 PM - 3:40 PM B302 (Online Meeting)

[B302-2pm-01] Efficient design of strong interfaces with
combining molecular simulation and
materials informatics
CTomio Iwasaki' (1. Hitachi, Ltd.)

1:20 PM - 1:50 PM

[B302-2pm-02] From materials data to evidence for
understanding materials properties
OHieu-Chi DAM' (1. Japan Advanced Institute
of Science and Technology)

1:50 PM - 2:20 PM

[2B30205-08-3add] Incubation Time

2:20 PM - 2:30 PM

[B302-2pm-03] High-throughput calculations on oxygen
vacancies and machine learning on theri
formation energies
OYu Kumagai' (1. Tokyo Institute of
Technology)

2:30 PM - 3:00 PM

[B302-2pm-04] Application of digital technology in
catalyst design
oShingo Sakai1, Takayuki Kurogi1, Rei Hamada'

(1. JGC Catalysts and Chemicals Ltd.)
3:00 PM - 3:30 PM

B301

Symposium | Co-Innovation Program (CIP) | Utilization of solar energy with
a view to a carbon-free society -From research and development of solar
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cells-
[B301-2am] Utilization of solar energy with a view to
a carbon-free society -From research

and development of solar cells-
Chair, Symposium organizer: Tsutomu Miyasaka, Yutaka Matsuo,
Shigeru lkeda, Motoshi Nakamura
9:00 AM - 11:40 AM B301 (Online Meeting)

[B301-2am-01] Social Acceptance of Renewable Energy
in Energy Transition
Ovasushi Maruyama1 (1. Nagoya University)
9:00 AM - 9:50 AM

[B301-2am-02] Organometal Halide Perovskite Solar Cell
As Next Generation Photovoltaics
OHiroshi Segawa' (1. The University of
Tokyo)
9:50 AM - 10:40 AM

[B301-2am-03] Development of Perovskite/CIGS tandem
solar cells
OMotoshi Nakamura' (1. IDEMITSU KOSAN
CO.LTD.)
10:40AM - 11:10 AM

[B301-2am-04] Challenges in developing perovskite solar
cells for practical use
OTsutomu Miyasaka Miyasaka1 (1. Toin
University of Yokohama)

11:10 AM - 11:40 AM

Symposium | Co-Innovation Program (CIP) | Utilization of solar energy with
a view to a carbon-free society -From research and development of solar
cells-

[B301-2pm] Utilization of solar energy with a view to
a carbon-free society -From research

and development of solar cells-
Chair, Symposium organizer: Tsutomu Miyasaka, Yutaka Matsuo,
Shigeru lkeda, Motoshi Nakamura
1:00 PM - 3:00 PM B301 (Online Meeting)

[B301-2pm-01] Perovskite Solar Cells: Toward
Sustainable, Off-grid Power Generation
OAtsushi Wakamiya' (1. Kyoto University)
1:00 PM - 1:30 PM

[B301-2pm-02] Materials design for highly efficient
organic photovoltaics
Oltaru Osaka' (1. Hiroshima University)
1:30 PM - 2:00 PM

[B301-2pm-03] Organic Photovoltaics with llight-
absorbing selectivity for agricultural
applications

OYasuyuki Watanabe' (1. SUWA UNIVERSITY



OF SCIENCE)

2:00 PM - 2:30 PM
[B301-2pm-04] Carbon Nanotubes for solar cells

OShigeo Maruyama1 (1. The University of
Tokyo)

2:30 PM - 3:00 PM

Fri. Mar 25, 2022

B301

Symposium | Co-Innovation Program (CIP) | Innovation toward carbon
neutrality: Focusing on CO2-free hydrogen production and catalytic
carbon recycling technology

[B301-3am] Innovation toward carbon neutrality:
Focusing on CO2-free hydrogen
production and catalytic carbon

recycling technology
Chair, Symposium organizer: Kazuhiro Sayama, Yuusuke Sunada,
Koichi Matsushita, Yasuo Saito, Yutaka Amao
9:00 AM - 11:20 AM B301 (Online Meeting)

[B301-3am-01] Neutral pH electrolyzer as a potential
disruptive technology for pure hydrogen
generation
OKazuhiro Takanabe' (1. The University of
Tokyo)

9:10 AM - 9:40 AM

[B301-3am-02] Photocatalytic properties of metastable
oxynitrides
OKazuhiko Maeda' (1. Tokyo Institute of
Technology)

9:40 AM-10:10 AM

[B301-3am-03] Contribution of fermentation industry to
carbon neutrality. Is it new or old
innovation?

O3atoshi Koikeda' (1. Amano Enzyme Inc.)

10:20AM - 11:20 AM

Symposium | Co-Innovation Program (CIP) | Innovation toward carbon
neutrality: Focusing on CO2-free hydrogen production and catalytic
carbon recycling technology

[B301-3pm] Innovation toward carbon neutrality:
Focusing on CO2-free hydrogen
production and catalytic carbon

recycling technology
Chair, Symposium organizer: Kazuhiro Sayama, Yuusuke Sunada,
Koichi Matsushita, Yasuo Saito, Yutaka Amao
1:00 PM - 3:40 PM B301 (Online Meeting)

[B301-3pm-01] Chemical Synthesis by Water and Power
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Olchiro Yamanaka' (1. Tokyo Institute of
Technology)
1:00 PM - 1:30 PM

[B301-3pm-02] Development of gas diffusion
semiconductor electrodes and
photoelectrochemical water vapor
splitting to produce hydrogen
OFumiaki Amano™? (1. The Univ. of
Kitakyushu, 2. PRESTO, JST)
1:30 PM - 2:00 PM

[B301-3pm-03] Development of Function-Integrated
Catalytic System for Small Molecule
Conversion
OMio Kondo' (1. Osaka University)
2:10 PM - 2:40 PM

[B301-3pm-04] CO, hydrogenation to methanol using
multinuclear complex catalyst at low
temperature under gas phase
OYuichiro Himeda' (1. National Institute of
Advanced Industrial Science and Technology)

2:40PM - 3:10 PM

Wed. Mar 23, 2022

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

[B301-1am-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 Iriyama1 (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

Sat. Mar 26, 2022

B301

Symposium | Co-Innovation Program (CIP) | Innovative technologies for the
effective use of unused heat energy for the development of a low-carbon
society

[B301-4am] Innovative technologies for the effective
use of unused heat energy for the

development of a low-carbon society
Chair, Symposium organizer: Nagatoshi Koumura, Eiji Hosono,
Atsushi Yamamoto, Hideto Kuramochi
9:00 AM - 11:10 AM B301 (Online Meeting)

[B301-4am-01] Innovations Brought about by Heat
Exchange Technololies (Not Only Energy
Conservation)
OShimpei Saito1, Soumei Baba1, Naoki Takada1,
Satoshi Someya' (1. National Institute of

Advanced Industrial Science and Technology)
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9:10 AM - 9:40 AM

[B301-4am-02] Development and application of
microencapsulated phase change
material for utilization of unused thermal
energy
OTakahiro Nomura' (1. Hokkaido Univ.)
9:40 AM-10:10 AM

[B301-4am-03] Energy conversion devices using 1D and
2D nanomaterials
OShigeo Maruyama1 (1. The University of
Tokyo)
10:10 AM-11:10 AM

Symposium | Co-Innovation Program (CIP) | Innovative technologies for the
effective use of unused heat energy for the development of a low-carbon
society

[B301-4pm] Innovative technologies for the
effective use of unused heat energy for
the development of a low-carbon

society
Chair, Symposium organizer: Nagatoshi Koumura, Eiji Hosono,
Atsushi Yamamoto, Hideto Kuramochi
1:00 PM - 3:10 PM B301 (Online Meeting)

[B301-4pm-01] Seebeck effect 201st anniversary-
thermoelectric conversion, past and
future-

COKatsushi Fukuda' (1. KELK Ltd.)
1:00 PM - 2:00 PM

[B301-4pm-02] Current Status and Future Prospect of
Organic Thermoelectric Materials
OTakao Ishida' (1. AIST)

2:00 PM - 2:30 PM

[B301-4pm-03] Expectation and challenges for
thermoelectric generation
OHiroyasu Kojima' (1. AISIN

CORPORATION)

2:30 PM - 3:00 PM

Wed. Mar 23, 2022

B303

Symposium | Co-Innovation Program (CIP) | Smart chemistry for future
medical and life science

[B303-1Tam] 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
Kajii* (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

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)

The Chemical Society of Japan The 102nd CSJ Annual Meeting

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
©Hidetoshi 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

Thu. Mar 24, 2022

B303

Symposium | Co-Innovation Program (CIP) | Emerging healthcare
technology for diagnosis and prevention of infectious diseases

[B303-2am] Emerging healthcare technology for
diagnosis and prevention of infectious

diseases
Chair, Symposium organizer: Takeaki Ozawa, Jun-ichi Sugiyama,
Kaori Sakurai
10:00 AM - 11:30 AM B303 (Online Meeting)

[B303-2am-01] Dynamic femtoliter reactor technology for
on-chip bioanalysis and artificial cell
reconstitution
OHiroyuki Noji' (1. The University of Tokyo)
10:10AM - 11:00 AM

[B303-2am-02] Early detection of COVID-19 infected
persons at individual facilities using the
"Kyoto model"

OMakoto Yasojima' (1. Shimadzu Techno-
Research, Inc.)

11:00 AM - 11:30 AM

[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

©The Chemical Society of Japan

Symposium | Co-Innovation Program (CIP) | Emerging healthcare
technology for diagnosis and prevention of infectious diseases

[B303-2pm] Emerging healthcare technology for
diagnosis and prevention of infectious

diseases
Chair, Symposium organizer: Takeaki Ozawa, Jun-ichi Sugiyama,
Kaori Sakurai
2:00 PM - 3:40 PM B303 (Online Meeting)

[B303-2pm-01] Development of compact high-speed real-

time PCR systems for point-of-care-testing



of respiratory infections
OHidenori Nagai1 (1. National Institute of
Advanced Industrial Science and Technology
(AIST))
2:00 PM - 2:30 PM

[B303-2pm-02] Visualization of infection risk by human
behavior analysis and development of
virus control technology
OTakeshi Takizawa' (1. LION
CORPORATION)
2:30 PM - 3:00 PM

[B303-2pm-03] Development of high-throughput testing
method with optical condensation for
prevention of infectious diseases
OTakuya Iida1'2, Shiho Tokonami3'2, lkuhiko
Nakase'? (1. Grad. Sch. Sci., Osaka Pref.
Univ., 2. RILACS, Osaka Pref. Univ., 3. Grad.
Sch. Eng., Osaka Pref. Univ.)
3:T0 PM - 3:40 PM

Sat. Mar 26, 2022

B303

Symposium | Co-Innovation Program (CIP) | Bio-ventures to fight
intractable diseases in a new era of modalities

[B303-4am] Bio-ventures to fight intractable

diseases in a new era of modalities
Chair, Symposium organizer: Hiroaki Suga, Osamu Ohno, Shuichi
Yunomura
9:00 AM - 11:40 AM B303 (Online Meeting)

[B303-4am-01] Development of acute ischemic
therapeutics TMS-007
OTakuro Wakabayashi' (1. TMS Co., Ltd.)
9:00 AM - 9:40 AM

[B303-4am-02] Introducing Co-creation Innovation
promoted by the Axcelead Group
OTOMOYUKI FUJISAWA! (1. Axcelead, Inc.)
9:40 AM - 10:20 AM

[B303-4am-03] Novel cell culture technologies by the
utilization of Laminin-E8 fragment protein
OTakuji Yamamoto' (1. MATRIXOME, Inc.)
10:20 AM - 11:00 AM

[B303-4am-04] Curative treatment for genetic diseases
utilizing a genome editing technology
OAkimitsu Hirai' (1. C4U Corporation)
11:00 AM - 11:40 AM
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Fri. Mar 25, 2022

B303

Symposium | Co-Innovation Program (CIP) | International year of glass:
Materials evolving with new functions toward frontier applications

[B303-3am] International year of glass: Materials
evolving with new functions toward

frontier applications
Chair, Symposium organizer: Hideshi Sasakura, Setsuhisa
Tanabe, Kenji Uchiyama, Kazuyuki Hirao, Akitoshi Hayashi
9:00 AM - 11:40 AM B303 (Online Meeting)

[B303-3am-01] Contribution of glass to society
©Naoki Sugimoto’ (1. AGC Inc.)
9:10 AM - 10:00 AM

[B303-3am-02] Innovative Potential of Glass: Ultra-thin
Glass
OHiroki Mori', Yoshinori Hasegawa' (1.
Nippon Electric Glass Co., Ltd.)
10:00 AM - 10:30 AM

[B303-3am-03] Synthesis and porperties of glassy state of
metal-organic frameworks (MOFs)
Osatoshi Horike' (1. Kyoto University)
10:40 AM-11:10 AM

[B303-3am-04] Fluorescence of glass containing rare
earth ions
ONARUHITO SAWANOBORI" (1. Sumita
Optical Glass,. Inc)
11:10 AM - 11:40 AM

Symposium | Co-Innovation Program (CIP) | International year of glass:
Materials evolving with new functions toward frontier applications

[B303-3pm] International year of glass: Materials
evolving with new functions toward

frontier applications
Chair, Symposium organizer: Hideshi Sasakura, Setsuhisa
Tanabe, Kenji Uchiyama, Kazuyuki Hirao, Akitoshi Hayashi
1:00 PM - 3:40 PM B303 (Online Meeting)

[B303-3pm-01] International Year of Glass: Glass moving
forward with development -New
functionalities and application prospects-
OTetsuji Yano' (1. Tokyo Institute of
Technology)

1:00 PM - 1:50 PM

[B303-3pm-02] Anti-bacterial and Anti-viral coating for
glass by Sol-gel method
©Mizuho Matsuda' (1. NIPPON SHEET GLASS
CO., LTD.)

1:50 PM - 2:20 PM



[B303-3pm-03] Review of optically transparent RIS
technology for coverage improvement of
millimeter and terahertz waves toward 5G
evolution &6G
ODaisuke Kitayama' (1. NTT Corp.)

2:30 PM - 3:00 PM

[B303-3pm-04] Development of glass appearance
simulation system
OKen Uemura' (1. AGC Inc.)

3:00 PM - 3:30 PM

Symposium | Co-Innovation Program (CIP) | International year of glass:
Materials evolving with new functions toward frontier applications

[B303-3vn] International year of glass: Materials
evolving with new functions toward

frontier applications
Chair, Symposium organizer: Hideshi Sasakura, Setsuhisa
Tanabe, Kenji Uchiyama, Kazuyuki Hirao, Akitoshi Hayashi
4:10 PM - 6:30 PM B303 (Online Meeting)

[B303-3vn-01] Why is Glass so Breakable? Atomistic
Mechanism and Strengthening
©Jun Matsuoka' (1. The University of Shiga
Prefecture)
4:10 PM - 4:40 PM

[B303-3vn-02] Microscopic and thermodynamic
understanding of atomic diffusion in oxide
glass melts under a temperature gradient
©Masahiro Shimizu' (1. Kyoto Univ.)
4:40 PM - 5:10 PM

[B303-3vn-03] Development of functional transparent
silica glass with various shape using 3D
laser fabrication method
OShigeru Fujino' (1. Kyushu University)
5:20 PM - 5:50 PM

[B303-3vn-04] Progress of glass electrolyte for all-solid-
state battery
OAkitoshi Hayashi1 (1. Osaka Prefecture
University)

5:50 PM - 6:20 PM

Thu. Mar 24, 2022

B204

Symposium | Medium and Long-Term Program | Frontier of Spin Qubits
Created from Molecules

[B204-2pm] Frontier of Spin Qubits Created from

Molecules
Chair, Symposium organizer: Hitoshi Miyasaka, Shinya Hayami
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1:00 PM - 3:40 PM B204 (Online Meeting)

[B204-2pm-01] Perspective in Molecular Spin Qubits in
Coordination Compounds-Based Magnets
©Masahiro Yamashita' (1. Tohoku
University)
1:05PM - 1:35 PM

[B204-2pm-02] Quantum Spin Technology for Molecular
Spin Qubits by Pulsed ESR
OKazunobu Sato' (1. Osaka City University)
1:35PM - 2:05 PM

[B204-2pm-03] Development of Molecule-Qubit
Combining Single-Molecule-Magnet and
Superconductor Electrode
©Tadahiro Komeda' (1. Tohoku University)
2:05PM - 2:35 PM

[B204-2pm-04] Precision Synthesis of Graphene
Nanoribbons with Localized Spins
OAkimitsu Narita™® (1. Okinawa Institute of
Science and Technology Graduate University,
2. Max Planck Institute for Polymer Research)
2:35PM - 3:05 PM

[B204-2pm-05] Control of Quantum state of NV centers in
diamond
ONorikazu Mizuochi' (1. Kyoto University)

3:05PM - 3:35 PM

Wed. Mar 23, 2022

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)
1:00 PM - 1:15 PM

[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)
2:10 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)
2:25PM - 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)
3:1T0 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
OKenichiro Itami' (1. Nagoya University)
9:35 AM - 10:05 AM

[B204-1am-03] Key compounds for cell death regulation
©Mikiko Sodeoka' (1. RIKEN)

10:05 AM - 10:35 AM
[B204-1am-04] Membrane-active key natural products

interacting with lipid layers

©The Chemical Society of Japan

The Chemical Society of Japan The 102nd CSJ Annual Meeting

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
©Gaku 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
©Toru 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. JST 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)
3:10PM - 3:35 PM

Thu. Mar 24, 2022

B204

Symposium | Medium and Long-Term Program | Innovative Catalysts: for
Future

[B204-2am] Innovative Catalysts: for Future

Chair, Symposium organizer: Hiroshi Kitagawa, Kyoko Nozaki
9:00 AM - 11:40 AM B204 (Online Meeting)

[B204-2am-01] Operando spectroscopy, computational

chemistry, and data science for

©The Chemical Society of Japan
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heterogeneous catalysis
OKenichi Shimizu'

9:03 AM - 9:27 AM

(1. Hokkaido University)

[B204-2am-02] Rational design of catalytic processes by
spatiotemporal operando methodologies
on the reactor scale
OAtsushi Urakawa' (1. Delft University of
Technology)

9:27 AM - 9:51 AM

[B204-2am-03] Gas-phase Carbon Dioxide Reduction by
Photocatalysis
©Masahiro Miyauchi1, Shusaku Shoji1, Yohei
Cho1, Masaru Kushida1, Akira Yamaguchi1,
Takeshi Fujita?, Hideki Abe® (1. Tokyo
Institute of Technology, 2. Kochi University of
Technology, 3. National Institute for Materials
Science)

9:51 AM-10:15 AM

[B204-2am-04] Organometallic Smart Design To Enable
Photo-Driven Innovative Material
Transformations: Aerobic Oxidations of
Methane and Benzene with Light Input
OTakahiro Matsumoto' (1. Kyushu Univ.)
10:15 AM - 10:39 AM

[B204-2am-05] Controlling the active site of cytochrome
P450BM3 using decoy molecules and
gaseous alkane hydroxylation
©0sami Shoji' (1. Nagoya University)

10:39 AM - 11:03 AM

[B204-2am-06] Chemical catalysis intervening into
dynamic order of life
OMotomu Kanai' (1. The University of
Tokyo)
11:03AM - 11:27 AM

[2B20401-06-8add] Discussion

11:27 AM - 11:39 AM

Wed. Mar 23, 2022

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

[W1-1am] International Symposium on Molecular
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
OJian Wu' (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

T (1. National Institute for

OAtsushi Ishikawa
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

©The Chemical Society of Japan
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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 RUNGROTMONGKOU, Bodee
Nutho?, Panupong Mahalapbutr®, Kamonpan
Sanachai’, Supot Hannongbua1, Kittikhun
Wangkanont1, Supakarn Chamni1, Warinthorn
Chavasiri', Tuanjai Somboon’, Siwaporn
Boonyasuppayakorn1, Wanchai De-eknamkul’,
Tanatorn Khotavivattana' (1. Chulalongkorn
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)
1:35 PM - 1:55 PM

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

[W1-1pm-04] Liquid-liquid phase separation in the tales
of intrinsically disordered proteins
OJie—rong Huang1 (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
OJeong—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

[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

T (1. Institute for Basic Science)

OJonggu Jeon
4:10 PM - 4:45PM

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

[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)

5:05PM - 5:25 PM

Fri. Mar 25, 2022

Symposium | Asian International Symposium | Asian International
Symposium - Photochemistry -

[W1-3am] Asian International Symposium -

Photochemistry -
Chair, Symposium organizer: Jiro Abe, Mikako Ogawa, Osamu
Ishitani, Takashi Hirose, Shohei Saito
9:00 AM - 11:40 AM W1 (Online Meeting)

[W1-3am-01] The Force is Within You: Fluorescent probes
to map molecular forces in cells
OKhalid Salaita' (1. Emory University)
9:05 AM - 9:35 AM

[W1-3am-02] Environment responsive fluorescent probes
for visualization of cellular lipid dynamics
OMasayasu Taki' (1. Nagoya Univ.)
9:35 AM - 9:55 AM

[W1-3am-03] Activatable Raman Probes for Simultaneous
Detection of Plural Enzyme Activities
OMako Kamiya' (1. The Univ. of Tokyo)
9:55 AM -10:15 AM

[W1-3am-04] Escape from Molecular Flatland: Frustration,

Adaptation, and Cooperation
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ODongwhan Lee' (1. Seoul National University)
10:15 AM - 10:45 AM

[W1-3am-05] Mapping structural dynamics in
photochemistry with ultrafast nonlinear
spectroscopy
OHikaru Kuramochi' (1.1MS)
10:45 AM - 11:05 AM

[W1-3am-06] Sensitizing triplet photochemistry using
colloidal quantum dots
OKaifeng Wu' (1. Dalian Institute of Chemical
Physics, CAS)
11:05 AM - 11:35 AM

Wed. Mar 23, 2022
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
CHiroshi 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

Thu. Mar 24, 2022

Symposium | Asian International Symposium | Asian International
Symposium - Advanced Nanotechnology -

[W1-2pm] Asian International Symposium -

Advanced Nanotechnology -
Chair, Symposium organizer: Hitoshi Kasai, Tomohiro Shiraki,
Yoshiki Katayama
1:00 PM - 3:40 PM W1 (Online Meeting)

[W1-2pm-01] Multifunctional Nanoparticles for Cancer
Theranostics
ORen-Jei Chung1 (1. National Taipei University
of Technology)
1:05 PM - 1:35 PM

[W1-2pm-02] Real-sample analysis utilizing
supramolecular chemical sensor chips and
devices
OTsuyoshi Minami' (1. 11S, The Univ. of Tokyo)
1:35PM - 1:55 PM

[W1-2pm-03] Separation of semiconducting carbon
nanotubes using isomaltodextrin and thin-
film transistor applications
OHaruka Omachi' (1. Nagoya University)
1:55PM - 2:15 PM

[W1-2pm-04] Development of various functional
hydrogels of imidazolium-based zwitterionic
polymers

" (1. Pohang University of

©Youn Soo Kim
Science and Technology (POSTECH))
2:15PM - 2:45 PM

[W1-2pm-05] Biofunctional materials constructed by
hierarchical organization of self-assembling
peptides
ORie Wakabayashi' (1. Faculty of Engineering,
Kyushu University)
2:45PM - 3:05 PM

[W1-2pm-06] The Polymeric Nanoparticles Encapsulating
Pyran Derivatives for the Near Infrared
Imaging of Lymphatic nodes in Mice

OMing-Fa Hsieh! (1. Chung Yuan Christian
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University)

3:05PM - 3:35PM

Symposium | Asian International Symposium | Asian International
Symposium - Colloid and Surface Chemistry -

[W2-2pm] Asian International Symposium - Colloid

and Surface Chemistry -
Chair, Symposium organizer: Kenichi Sakai, Hideya Kawasaki,
Takanori Takiue, Ken-ichi limura
1:00 PM - 3:40 PM W2 (Online Meeting)

[W2-2pm-01] Molecular Assembly of Biomimetic Systems
OJunbai Li', YilJia' (1. Institute of Chemistry,
Chinese Academy of Sciences (CAS))
1:05PM - 1:30 PM

[W2-2pm-02] Functionalization of Photoresponsive
Molecular Assemblies Using the Inner
Environments
OMasaaki Akamatsu™? (1. Department of Pure
and Applied Chemistry, Faculty of Science and
Technology, Tokyo University of Science, 2.
Research Institute for Science and Technology,
Tokyo University of Science)
1:30 PM - 1:45 PM

[W2-2pm-03] Effect of Molecular Distortion on the Optical
Properties of Carotenoid-Based
Nanoparticles
ORyuju Suzuki' (1. IMRAM, Tohoku Univ.)
1:45 PM - 2:00 PM

[W2-2pm-04] Acquisition of the pair potential from the
structure factor by the model-potential-free
method: Study in monodisperse and
polydisperse colloidal dispersion systems
OKen-ichi Amano' (1. Meijo University)
2:00 PM - 2:15 PM

[W2-2pm-05] Self-assembled Mesoporous Nano- or
Microstructure for Energy Storage and
Sensing Application
OSUBRATA MAJI", Genki Yoshikawa', Lok Kumar
Shrestha' (1. National Institute for Materials
Science (NIMS))
2:15PM - 2:30 PM

[W2-2pm-06] Colloidal Particles at Interfaces: from
Fundamentals to Functional Materials
©To Ngai' (1. The Chinese University of Hong
Kong)



2:35 PM - 2:55 PM

[W2-2pm-07] Development of Immobilized Molecular
Catalysts for CO, Transformation Reactions
OSangita Karanijit', Emiko Tanaka', Masaya
kashihara1, Atsushi Nakayama1, Lok Kumar
Shrestha?, Katsuhiko Ariga2'3, Kosuke Namba'

(1. Tokushima University, 2. National Institute

for Materials Science (NIMS), 3. The University of
Tokyo)
2:55PM - 3:10 PM

[W2-2pm-08] Deposition of Nanostructured Nickel Oxides
by Amino Acid Chelated Complexes:
Benefits of Mixed Side Chains on the
Formation of Nanostructures for Energy-
efficient Electrochromic Windows
OKe-Hsuan Wang1, Takeshi Kawai' (1. Tokyo
University of Science)
3:10PM - 3:25 PM

[W2-2pm-09] Development of new synthetic
methodologies for metal nanoparticle/MOF
composites

(1. Konan University)

OYohei Takashima'

3:25PM - 3:40 PM

B103

Symposium | Special Program | Creation of Functional Materials Based on

Coordination Templatology

[B103-2am] Creation of Functional Materials Based
on Coordination Templatology

Chair, Symposium organizer: Hitoshi Miyasaka, Tetsuro

Murahashi
9:00 AM - 11:40 AM B103 (Online Meeting)

[B103-2am-01] Fabrication of Functional Polymers Based
on Coordination Templatology
OTakashi Uemura' (1. The University of
Tokyo)
9:05 AM - 9:35 AM

[B103-2am-02] Development of Coordination
Nanospaces for Molecular Recognition
Tools
OMichito YOSHIZAWA! (1. Lab. for Chem.
&Life Sci., Tokyo Inst. of Tech.)
9:35 AM - 10:05 AM

[B103-2am-03] Template effects of huge colloidal lattices
in water

OYasuhiro Ishida' (1. RIKEN)
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10:05 AM - 10:35 AM

[B103-2am-04] Highly functional carbon materials based
on templatology
OHirotomo Nishihara' (1. Tohoku Univ.)
10:35AM - 11:05 AM

[B103-2am-05] Toward templatology of photo-excited
triplet state
ONobuhiro Yanai'? (1. Kyushu Univ., 2. JST-

PRESTO)

11:05 AM - 11:35 AM

Fri. Mar 25, 2022

B103

Symposium | Special Program | Frontier in photochemistry: manipulation of
charge-transfer states

[B103-3pm] Frontier in photochemistry:
manipulation of charge-transfer states
Chair, Symposium organizer: Yutaka le, Akinori Saeki, Hiroko

Yamada
1:00 PM - 3:40 PM B103 (Online Meeting)

[B103-3pm-01] Molecular Engineering for Manipulating
Excited, Charge-Transfer, and Charge-
Separated States

©Hiroshi Imahori’

(1. Kyoto University)
1:00 PM - 1:30 PM

[B103-3pm-02] Charge Transfer State Formed at
Heterojunction Interface in Polymer Solar
Cells
OHideo Ohkita' (1. Kyoto University)
1:30 PM - 1:50 PM

[B103-3pm-03] Grasping motions of spins in charge-
tranfer states
OYasuhiro Kobori' (1. Kobe University )
1:50 PM - 2:15 PM

[B103-3pm-04] Development of Luminescent Organic
Molecules Based on Diverse Charge
Transfer States Synergistically Generated
from Molecular Shape and Elemental
Property
OYouhei Takeda' (1. Osaka University)
2:15PM - 2:35 PM

[B103-3pm-05] Artificial photosynthesis utilizing
photosensitizers for hydrogen and
hydrogen peroxide production
OYusuke Yamada' (1. Osaka City Univ.)
2:35PM - 2:55 PM



[B103-3pm-06] Cancer theranostic using optical
functions of photosynthetic bacteria
OEijiro Miyako' (1.JAIST)
2:55PM - 3:15 PM

[B103-3pm-07] Material design and precise analysis for
realization of excellent organic light-
emitting diodes
OHironori Kaji' (1. Kyoto Univ.)

3:15PM - 3:40 PM

Wed. Mar 23, 2022

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-Tam-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

[B103-1am-05] Structural colors of inorganic nanosheets
ONobuyoshi Miyamoto' (1. Fukuoka Institute
of Technology)
10:49AM-11:12 AM

[B103-T1am-06] Speculation of formation pathway of
zeolite using ESI-MS and NMR
©Nao Tsunoji' (1. Hiroshima University)

11:12AM - 11:35 AM
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Thu. Mar 24, 2022

B202

Symposium | Special Program | Challenges for the analysis of extracellular
vesicles and intracellular phase-separated droplets

[B202-2pm] Challenges for the analysis of
extracellular vesicles and intracellular

phase-separated droplets
Chair, Symposium organizer: Yusuke Sato, Shunsuke Tomita
1:00 PM - 3:40 PM B202 (Online Meeting)

[B202-2pm-01] Design of molecular probes targeting
highly-curved membranes for the analysis
of extracellular vesicles
OYusuke Sato? (1. Tohoku University, 2.
JST,PRESTO)
1:05PM - 1:25 PM

[B202-2pm-02] Single-cell imaging of release activity of
extracellular vesicles
OYoshitaka Shirasaki' (1. The university of
Tokyo)

1:25 PM - 1:45 PM

[B202-2pm-03] Characteristic components of bacterial
extracellular vesicles and their molecular
properties
©Yosuke Tashiro'? (1. Shizuoka Univ., 2. JST
PRESTO)

1:45 PM - 2:05 PM

[B202-2pm-04] Mechanism of formation, regulation, and
dysregulation of protein droplet
OTomohide Saio" (1. Tokushima University)
2:20 PM - 2:40 PM

[B202-2pm-05] Phase separating RNA binding proteins
and its regulators
oTakuya Yoshizawa1, Ayano Fujiwara1, Takeru
Uehara1, Fumika Ide1, Naoya Sasahara1,
Hiroyoshi Matsumura' (1. Ritsumeikan Univ.)
2:40 PM - 3:00 PM

[B202-2pm-06] Synthetic phase separation tools for
manipulating cell function
OShinya Tsukiji' (1. Nagoya Inst. of Technol.)
3:00 PM - 3:20 PM

[B202-2pm-07] Product of micro-device for liquid liquid
phase separation.

OHidekatsu Tazawa' (1. Institute of
Microchemical Technology)

3:20 PM - 3:30 PM



Fri. Mar 25, 2022

B202

Symposium | Special Program | XAFS Analysis for Chemists—Fundamental
Guidance and the Cutting-Edge Applications

[B202-3pm] XAFS Analysis for Chemists—
Fundamental Guidance and the
Cutting-Edge Applications

Chair, Symposium organizer: Hikaru Takaya, Tetsuo Honma
1:00 PM - 3:40 PM B202 (Online Meeting)

[B202-3pm-01] Introduction to XAFS - its authorized
measurement and analysis.
OKiyotaka Asakura' (1. Hokkaido Univ.)
1:05 PM - 1:35 PM

[B202-3pm-02] Fundamental Guidance of High-Energy
Resolution XAFS and their Applications
ONaomi Kawamura' (1. Japan Synchrotron
Radiation Research Institute)
1:35PM - 2:05 PM

[B202-3pm-03] XAFS imaging measurement using X-ray
microscopy
O0ki Sekizawa' (1.JASRI)
2:05PM - 2:35 PM

[B202-3pm-04] Analysis of lithium-ion batteries using
synchrotron X-ray imaging
OHisao Yamashige1 (1. Toyota Motor
Corporation)
2:35PM - 3:05 PM

[B202-3pm-05] Sparse modeling of extended X-ray
absorption fine structure
Olchiro Akai', Hiroyuki Kumazoe', Yasuhiko
Igarashiz, Fabio Iesari3, Kazunori Iwamitsu1,
Toshihiro Okajima3, Yoshiki Seno4, Masato
Okada® (1.Kumamoto Univ., 2. Univ. of
Tsukuba, 3. Aichi SR, 4. SAGA-LS, 5. The Univ.
of Tokyo)
3:05PM - 3:35 PM

Sat. Mar 26, 2022

B303

Symposium | Special Program | Luminescence Chemistry Ensemble:
Diverse Exciton Chemistry for Future Science

[B303-4pm] Luminescence Chemistry Ensemble:
Diverse Exciton Chemistry for Future

Science
Chair, Symposium organizer: Tomoaki Miura, Taro Uematsu,

©The Chemical Society of Japan
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Kazuki Nakamura, Katsumi Tokumaru, Naoki Umeda, Shuzo
Hirata, Takashi Tachikawa
1:00 PM - 3:40 PM B303 (Online Meeting)

[B303-4pm-01] Luminescent properties of lanthanide
complexes with phosphine oxide ligands
contaning polyaromatic frameworks.
OYuichi Kitagawa' (1. Hokkaido Univ.)
1:05PM - 1:35 PM

[B303-4pm-02] Spin-correlated luminescence of organic
radicals and radical-based metal
complexes
OTetsuro Kusamoto™? (1. Institute for
Molecular Science, 2. PRESTO, JST)
1:35PM - 2:05 PM

[B303-4pm-03] Spontaneous dissociation of charge-
transfer type excitons in organic solid-
state films

' (1. Kyushu University)

OHajime Nakanotani
2:05PM - 2:35 PM
[B303-4pm-04] Post-synthetic surface modification of
perovskite nanocrystals
for LED applications
OTakayuki Chiba' (1. Yamagata University)
2:35PM - 3:05 PM
[B303-4pm-05] Synthesis strategy of Ag-based multinary
quantum dots from the perspective of
controlling emission properties
oTatsuya Kameyama1'2 (1. Nagoya Univ., 2.
JST-PRESTO)
3:05PM - 3:35PM

Thu. Mar 24, 2022

B201

Symposium | Special Program | Inorganic materials design for antibacterial
and antiviral function

[B201-2pm] Inorganic materials design for

antibacterial and antiviral function
Chair, Symposium organizer: Hiroki Nagai, Yuriko Matsumura
1:00 PM - 3:40 PM B201 (Online Meeting)

[B201-2pm-01] SARS-CoV-2 infection
OEmi E. Nakayama1 (1. Research Institute for
Microbial Diseases, Osaka University)
1:10 PM - 1:50 PM

[B201-2pm-02] The bactericidal effect of deep UV light-
emitting diodes

OTakashi Douura' (1. SEIWA ELECTRIC MFG.



CO., LTD.)
1:50 PM - 2:20 PM
[B201-2pm-03] Antibacterial metallic materials
OHiroshi Kawakami' (1. Osaka City
Univeristy)
2:20 PM - 3:00 PM
[B201-2pm-04] Material surface modification to impart
anti-viral/anti-bacterial activity by
molecular precursor method

OMitsunobu Sato’ (1. Kogakuin University)
3:00 PM - 3:40 PM

Sat. Mar 26, 2022

B204

Symposium | Special Program | Messages from Society & Nature to
Chemists

[B204-4pm] Messages from Society &Nature to
Chemists
Chair, Symposium organizer: Masaharu Nakamura, Kenji

Kitayama
1:00 PM - 3:40 PM B204 (Online Meeting)

[B204-4pm-01] Carbon Neutrality --- Toward the
realization of Regional Circular and
Ecological Sphere
OTokutaro Nakai' (1. Ministry of the
Environment)
1:10PM - 2:10 PM

[B204-4pm-02] Can science or chemistry contribute the
Mori-wa-Umi-no-Koibito activity?
OMasaru Tanaka' (1. Moune Institute for
Forest-Sato-Sea Studies)

2:20 PM - 3:20 PM

Wed. Mar 23, 2022

B203

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

©The Chemical Society of Japan
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OAkitoshi Hayashi1 (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-T1am-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-Tam-06] Current Status and Issues of
Electrocatalysts for Polymer Electrolyte
Fuel Cells
OHiroyuki UCHIDA! (1. University of
Yamanashi)

11:10 AM - 11:35 AM

Fri. Mar 25, 2022

B103

Symposium | Special Program | Chemical application of infrared light: from
NIR to THz.

[B103-3am] Chemical application of infrared light:
from NIR to THz.

Chair, Symposium organizer: Kazue Kurihara, Harumi Sato
9:00 AM - 11:40 AM B103 (Online Meeting)

[B103-3am-01] The development of photodynamic
therapy with near-infrared light
OHideya Yuasa' (1. Tokyo Institute of
Technology)
9:05 AM - 9:30 AM

[B103-3am-02] Nanoscale Infrared Spectroscopy by AFM-
IR
©Naoki Baden' (1. Nihon Thermal Consulting,
Co., Ltd.)
9:30 AM - 9:55 AM

[B103-3am-03] Potential for chemical applications of
terahertz light
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OHiromichi Hoshina' (1. RIKEN)
9:55 AM - 10:20 AM

[B103-3am-04] Terahertz Non-Destructive Testing for
Social Infrastructures and Waste Plastic
Recycling
OTadao Tanabe' (1. Shibaura Institute of
Technology)
10:25 AM - 10:50 AM

[B103-3am-05] Characterization of water dynamics using
terahertz spectroscopy
OKeiichiro Shiraga' (1. Kyoto University)
10:50 AM - 11:15 AM

[B103-3am-06] Application of a Terahertz Chemical
Microscope
OToshihiko Kiwa1, Yuichi Yoshida1, Xue Ding1,
Sayaka Tsuji1, Jin Wang1, Kenji Sakai', Hirofumi
|noue1, Katsuya Taniizumi' (1. Okayama
University)
11:15 AM - 11:40 AM

©The Chemical Society of Japan
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Symposium | Co-Innovation Program (CIP) | Innovation of chemistry and materials science by digital transformation
[B302-3am] Innovation of chemistry and materials science by digital

transformation
Chair, Symposium organizer: Ryo Koga, CHIKYO Toyohiro, Tsuneo Kashiwagi, Hiroaki lino
Fri. Mar 25, 2022 9:00 AM - 11:40 AM B302 (Online Meeting)

[B302-3am-01] Transformation of Science, Technology and Innovation in the
Context of Digital Transformation: Implications for the
Chemical and Materials Fields
“Hiromoto Shimadzu' (1. Japan Science and Technology Agency)
9:10 AM - 10:00 AM

[3B30201-04-3add] Incubation Time
10:00 AM - 10:10 AM

[B302-3am-02] Process Design and Control Based on Process informatics
SHiromasa Kaneko' (1. Meiji University)
10:10 AM - 10:40 AM

[B302-3am-03] Multiscale Simulation for Polymeric Materials
OTakeshi Aoyagi1 (1. National Institute of Advanced Science and Technology)
10:40 AM - 11:10 AM

[B302-3am-04] Novel optimization method with digital twin for SiC crystal
growth system
OToru Ujihara' (1. Nagoya Univ.)
11:10 AM - 11:40 AM

©The Chemical Society of Japan



B302-3am-01 AZ{b2a B1025SE2 (2022)

TOBIIWESIVRTA— A=V a3 VITHSBRZRME I VA /R
—YIVDEER ~EF - METEADRE~

(FHAE iR BEEAS) S A

Transformation of Science, Technology and Innovation in the Context of Digital

Transformation: Implications for the Chemical and Materials Fields
Hiromoto Shimazu (Japan Science and Technology Agency)

Keywords : DX:Digital transformation ;AI; Innovation

The tide of digital transformation (DX) is rising in scientific and technological development,
which has been driven by the advancement of computing, measurement instruments, cloud
computing, and artificial intelligence (Al). It was proposed in 2009 that data science is the forth
paradigm in science and the Material Genome Initiative was launched in 2011. After that the
deep learning technology has arrived and the Al technologies are now applied in various ways
in research and development (R&D). Here we discuss the future development of chemistry and
materials research field, with showing wide varieties of examples where DX has been
efficiently applied in R&D or innovation.

Al, 777 R, FHIBEZSRSE NS DOKED ) TV T — )L RF—4 Lo T Hifff o=
IR, BRREIR OIS BT S DX O LT TV S, 2009 4125 4 OF
F L LTT— BB IE S, 2011 FEIIZKETT VT NAT ) DA =T F7
WAK— K Lic, TOHR 2R ECT 4 —TTF7—=7 GRIET V) BEEL, £
DB BHT LWVET DA FEE LTz, WERTZ ) Lz AL ICB W TEHEEAR
fEbhELTW5D,

RBERHIL, 20134FET VT NR A TFVT 47 ADREEREL D, TDH%D
TATHIA T ZAZIX LD L LTckkx 22587128617 2 DX, Al DiRiEZ AL T&E 72
2)3)

Z 2T BRA 223 B O DX ORFFERFECA N a VRSl E R LoD, Th
FTOLE: - RSB OFEFZ T B, SRICONTEREITVZUY,

1) 7—2FFL o - AT X DHHAME - MEEGHTEDRE (T VT X A
T H~T 47 A) 201348 A CRDS-FY2013-SP-01

2) TUHNKT VAT = A=y a VI REREIRB KOS/ N—va v ORE  ~L
o MR B~ ORB~ 2020 45 4 A CRDS-FY2020-RR-01

3) AIXAA A DX FFRDO T A TH A TR« SAF AT ¢ AWESE 2020 4 9 H CRDS-
FY2020-RR-03
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10:00 AM - 10:10 AM (Fri. Mar 25, 2022 9:00 AM - 11:40 AM B302)
[3B30201-04-3add] Incubation Time
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Process Design and Control Based on Process informatics (Department of Applied Chemistry,
Meiji University) OHiromasa Kaneko

In Data Chemical Engineering Laboratory (Kaneko Laboratory) https://datachemeng.com/,
datasets of various functional materials are analyzed with machine learning, hidden
relationships among them are modeled, and promising chemical structures, materials, products,
and process are designed based on the models. In this talk, I will explain examples of research
and development on process design and control based on process informatics using Bayesian
optimization and direct inverse analysis with models. Furthermore, the results of direct inverse
analysis method, which achieved higher efficiency than Bayesian optimization, will be
introduced.

Keywords : Process Informatics; Process Design,; Process Control; Machine Learning; Direct
Inverse Analysis

EF ALFOGBREEERIIBNTT — 2 REBRIN->OH Y, 0T — X % fif
W28 & BERIZRS>TND, Lol WFEETOFERKEER., SRk &0
BT — & b5 - EEET TV MW THiA Rl 2 8ET o7 —4 77 8 &
a7 — 2%+ LENTORWRI S FET 5, 7 — X LFE T2 E=E
https://datachemeng.com/ T, EZE - &0 TLEMEIZ U O & L THA 7 Eikeelb
B MEtOT —H 3 B a—X% T NLHRE - B E L 0T L. ZDHIZ
BRALTWABHRMEE OTET UL L, ZDOETIICEH & SO TRMO(LEAESE - #f
Bl BRI AFBI L7720, BREF L7200 LCWB, Bl XS B 2 BT 57200
BREBEBO T 0B AZREI LY | FHEET T T o MW TE W E O
EEEMICHET 5720 IEDRREE 0 v ALK OEEY 7 a8 AT —2 05 Tl
LCER - HIET 28N 2B LY LTWD,

KETIET R AL U T 47T 4 7 ANTHESN TS R b0E 7 /L O E
RN IE ZBRE L C 7 e A OGFHB L OVE B2 4 D098 - BIRBI 27T 5, FF
(ZE TV OEER S FENTEIC X0 A X b a B8 25038 2 2k U7z iR 2 /T
T %,
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(PERSAIF CD-FMat) T 7
Multiscale Simulation for Polymeric Materials (CD-FMat, National Institute of Advanced
Industrial Science and Technology) Takeshi Aoyagi

Computational simulation is one of the most promising approaches as a necessary data
source for data-driven materials design. However, polymeric materials are characterized by a
very wide range of length and time scales in their structures and dynamics, and multiscale
simulations based on multi physics approaches are essential. OCTA is a typical simulation tool
to tackle with such a multiscale simulation. In this talk, I will introduce the trend of multiscale
simulation of polymeric materials and examples of collaboration with OCTA and data-driven
materials design.

Keywords : Coarse-graining, Molecular Dynamics, Self-Consistent Field, Machine Learning,
OCTA

T — X BRENRA B R G O AR 70T T —F L LT S E R T — X
EHRHWTHESE OO EITH Z LKV RS E 5 2 A omitE T
MLz, BEL T MM E BB OELRE LTV T5Z 0 7hbihd, LinL
RD, BT MEHI S T2 KT 5 ) ~—DILFEE D A Clde < | EHE# 0l
B, mFE. DTFESMEVD KO Rma FHOMEND, fidh. eV Kok
DTEBEROMHEE, HD5WITREOE S BRI 2 RS L2568 O, H RIS
TR TR & BR & 7RI O mTRIESE DM A RESEAT 5D, 2O K 9 7t
ERIIRFIZ, 0 FIREN D DRETME, TAME/R EICE DL XA F I 7 A REFEILD A r—
VB IEFITIEIA, S HIZ, 20O X9 REmTIEEIIME 2 L3 2 7 ot 2A0mfR T,
VB E CHEIE SIS Z %<, FUEmms 8, IBAEHEE 52 Th —&RMIZ
52 B, Bl 2 I 3HkHE, 7 ¢ L A Te VAR IS K0 Sy EH A BRI L 7oA L
ETDHZ LI, MEHEREZ BB SETWDHEANH V., Z D K 9 7RI &
ZOHELX BT 27 v A b EEMHEMBEEZZ X TV ETRNTZEDOTER
WK Th 5,

D XD Iy T & ISR T A 0T — & 2 BRI T 5
ToOIZIThE 2 725 HTFEDS BN/ ) | R a A b LR Z BB L+ 5, 2D7H
AEHY I 2L —varEHWT, 2Oo—fEMTET S N TEIUR, T — X ERE)
BB BIBRFE ONIEIZ DN 5 Z ERNIfF S LD, L L72e b, R I 21—
2 NZEBNTHFER LIRPUIFRER T, x5 & 3 D RFZE A 7 — Lo s Clo v 2
a2 b—ya VFEAHAEDETEAT S, Wb LY ILTF R —/L e VTFT 4
JAVIalb—va VINKEIZRD,

Fxld,. 8o rEFICOE LY 7 h~T U TN ENGRE LT~ VT R —)L <
NTFT 4TV TAYI 2l — gV —)LThHD OCTA ODRIRICEFED> T&72 D,
OCTA X Figure 1 |IZ7R T L 912, T TITERA oY — i shTna ot Ia b
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1) OCTA web page, https://octa.jp/ (accessed Jan 7, 2022).

2) @ TMEY I 2 b= g —OCTATEHFEIE —, MR, (&) B it
Wi, (b5 T2 B ik, 2017.

3) T. Aoyagi, Comput. Mater. Sci. 2021, 188, 110224.

4) T. Aoyagi, MRS Adv. 2021, 6, 32.

5) T. Aoyagi, Polym. Prepr. Japan 2021, 70 (2).
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Development of SiC Crystal Growth Technology by Optimization Method Using Digital Twin
(\Institute of materials systems for sustainability, Nagoya University)OToru Ujihara'

There are two major approaches to so-called process informatics. One is a method of
acquiring process data in experiments and manufacturing, and analyzing the data. In the case
of obtaining optimal process conditions, the process data can be analyzed to efficiently find
such conditions using methods such as Bayesian optimization. The other method is to construct
a surrogate model in the computer that mimics the actual phenomenon, and optimize it using
the surrogate model. We use the latter method for our crystal growth optimization. Specifically,
we generate data by simulating crystal growth and use machine learning to construct a model
that reproduces the simulation results quickly and accurately. Using this model, millions or tens
of millions of experiments are performed on the computer, and the optimal solution is then
obtained.

Keywords : Process Informatics; Crystal Growth; SiC; Digital Twin

WhWDDETOVBR AT F~T 47 A, RELHFToDT 70 —FRndb
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—OlX, A a—XNICEBEOBRRZEHT 5, WhIIREET L (Prbs— T
TN) BREEL, T2V TERE(LT D FIETH D, Foxr OfEMmRE O R#ELIT 2
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T—HEERL, HiTEAEHCT, METERICYI 2 b—a VREREEBLT S
ETINVEMESTDH. ZOETNERNT, MEHE, AT 50EoEEE G5 ETfT
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Symposium | Co-Innovation Program (CIP) | Innovation of chemistry and materials science by digital transformation
[B302-3pm] Innovation of chemistry and materials science by digital

transformation
Chair, Symposium organizer: Ryo Koga, CHIKYO Toyohiro, Tsuneo Kashiwagi, Hiroaki lino
Fri. Mar 25, 2022 1:00 PM - 3:10 PM B302 (Online Meeting)

[B302-3pm-01] Digitization of Organic Synthesis
OSeijiro Matsubara Matsubara' (1. Graduate School of Engineering, Kyoto University)
1:00 PM - 1:50 PM

[B302-3pm-02] Construction, analysis, and database creation of reaction pathway
networks: Toward chemical reaction discovery led by quantum
chemical calculations
OSatoshi Maeda Maeda' (1. Hokkaido University)
2:00 PM - 2:30 PM

[B302-3pm-03] Materials Data Platform DICE for Material DX
Omikiko tanifuji' (1. National Institute for Materials Science)
2:30 PM - 3:00 PM
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Digitization of Organic Synthesis
(Graduate School of Engineering, Kyoto University) Seijiro Matsubara

Big data such as a large amount of accumulated reaction examples, machine learning based on
the experimental results, and development of synthesis devices, those are the core technologies
of fully automatic organic synthesis. Digitization of organic synthesis is indispensable for
those progress. Various attempts are already enabling framework, in which the input of a
molecular structure is converted into actual molecular synthesis."

Keywords : Computer-assisted organic synthesis, Machine learning, Automated Synthesis
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1) Digitization of Organic Synthesis ---- How Synthetic Organic Chemists Use Al Technology — S.
Matsubara, Chem. Lett. 2021, 50, 475-481.

© The Chemical Society of Japan - B302-3pm-01 -



B302-3pm-02 BALE H102EFES (2022)

RISy FT—O DBE., BT, LU, T—2X—X1t:
EFIEFHENEET HIELERICOFERZEHIEL T

(AEKFEEE ! - LK WPI-ICReDD? - NIMS-MaDIS) FijfH #E 123

Construction, analysis, and database creation of reaction pathway networks: Toward chemical
reaction discovery led by quantum chemical calculations ('Faculty of Science, Hokkaido
University, *WPI-ICReDD, Hokkaido University, *MaDIS, NIMS) O Satoshi Maeda'-*3

We have been developing the necessary elemental technologies for the discovery of chemical
reactions by quantum chemical calculations and a platform integrating them. The most
important technology in this project is the automated reaction path search method. In order to
realize ab initio prediction of chemical reactions, it is necessary to systematically examine the
paths of possible elementary reactions and analyze the obtained paths based on chemical
kinetics. Since the number of possible elementary reactions in general is huge, the conventional
trial-and-error approach does not work. Therefore, we have developed the artificial force
induced reaction (AFIR) method, which can comprehensively explore the paths of elementary
reactions automatically. In this talk, I will introduce our recent efforts on how to link ab initio
prediction of chemical reactions by the AFIR method to the experimental substantiations.
Keywords: Chemical reaction discovery, Reaction path network, Quantum chemical
calculation, Reaction path database

Hxlx, BEHEFHEIC LI DEFERICORAZ B L, LERBEREIRNOME L %
NoEMRELIET Ty N7+ —LOBEEED TN D, ZORE, i b EER BRI
XSGR B EERIECTH D, B AL SO0 T Z FEBL 5121, FIREZR R
O DFRRE % BAEENCHIRET L, E4 D Z BRI L T b, 2ok
&, ARERRCOEIT IR DT, RO T A - 7 K- 2T —I2 L5
ATEATSTHD, 2 THLIT, BEOSEEZMEREICHERERTE S, AL
LS (AFIR) HEDBIFE 2D T & 72[1], A Tk, AFIR I & DLZB0GT
) 2 AT 2 SEBR ) 72 SERIE~ & D 72T B MO W T, o OEY LA EFENT T 5,

AFIR 52 WD Z & T, HDOLEMED SRR ERE~DKSREKEE R 2
ENTED, ZOHEEE, BONTLREMEICRZIZTHEAL TN ZEI2XY, 25
DR TENEE DIERRIENZ L D070\ Tobb KSR ER Yy NT—7 B3G5 5,
FOGHREEE R v v U —27121%, BT, BT ORERS & ISRENE D, T OfT
21X, Fex M B O EFRAEITIE Th 2 HEEBATHIMER (RCMC) EEZ WD Z &2
TXB[2], £72. RCMC £ & AFIR A A G LD Z & T, AJEENS, (LED
FOGGAE (BOGIREE & SRR 1238 TR LS 5 ISR O BTN E - 7o TR
ERREFIETHZEHARETH L, 2F 0 G & RO (BLORHE L)
DATIING T XTOERY ., TN 6 OAERKR, BLO, 20 DIEE THIT 5,
Fre Ve T TAHERY I 2 L— 3 (OFKS) WA[RETH H[3], iz, BMAE
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R EWIRRT D E L ARETH D, DF 0 AW & ISR (BLOFHE L)
DATIDE 2 DY) % BELL_E DT E X152 SUSGER RTIG T 2 AR
BLO, Znoa2IGHE Uizt 20 BAERMOINEE THIT 5, & {LF0E
FMENT (QCaRA) 23 FIHETH 5[4,

BIfE, OtFKS & QCaRA & MW AL B RTE RATH D fLA TW 5, 3 TIZ, QCaRA
DML LT, Y704 a7 U o et BICHE & SSREERICI A, 7
v 70 2 U FHEROARRIE D RIS LTV D [5], £ Oftiic B, OtFKS X° QCaRA
MBEF S Z TR TE D0 E 9 Inatkx R NGRS W TRRGE L, AR Z R L
T& 7o, F72, B RZ UTZRAF O J BT 288 5m 2 A5 2 & Cl6], &
B4 Bl 2 35 T OtFKS X° QCaRA # 3§ 5 Z L L A[RETH 5,

BAxDNBEBRT 7y b7+ —LD ‘F ___Database
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A+ B — 7 (OiFKS) Organic synthesis
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Reaction path

KT — 27137 —Z_X—2~L{RFEL network by AFIR

TV, T—H_X—R|Z1F, AFIR JEIZ X DRI L > TEH LN R 72 F IS Of%
BRI S TN D, EIH I, BT 7 &% U T AFIR JEIZ X B PR O mi b
R ENS, T—F2_X—Z2ADPLRIZL D, OtFKS X° QCaRA HEMTHZ LML,
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T5H5T Ty 74— LEEEEDTND, £/, 79 v b7 r—b b uRy FEE
MAGDOELIRABIToTND, BHITINGDEBIZOWTERT D,

1) Exploring paths of chemical transformations in molecular and periodic systems: An approach
utilizing force. S. Maeda, Y. Harabuchi, WIREs Comput. Mol. Sci. 2021, 11, e1538 (23 pages).

2) Rate constant matrix contraction method for systematic analysis of reaction path networks. Y.
Sumiya, S. Maeda, Chem. Lett. 2020, 49, 553-564.

3) A reaction path network for Wohler's urea synthesis. Y. Sumiya, S. Maeda, Chem. Lett. 2019, 48,
47-50.

4) Quantum chemical calculations to trace back reaction paths for the prediction of reactants. Y.
Sumiya, Y. Harabuchi, Y. Nagata, S. Maeda, Submitted, Preprint is available at ChemRxiv.

5) Discovery of a synthesis method for a difluoroglycine derivative based on a path generated by
quantum chemical calculations. T. Mita, Y. Harabuchi, S. Maeda, Chem. Sci. 2020, 11, 7569-75717.

6) Virtual-ligand-assisted screening strategy to discover enabling ligands for transition metal catalysis.
W. Matsuoka, Y. Harabuchi, S. Maeda, Submitted, Preprint is available at ChemRxiv.
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MPT—%2 TS5y b T+—LDICE £% T 7L DX
OFHE & (WEMEHITIHERS)
Materials Data Platform DICE for Material DX

OMiikiko Tanifuji (National Institute for Materials Science)

A data platform is the digitisation of information in a research environment and the creation
of a data-driven world. In the world of data platforms in internet clouds, what does a data-
driven world look like in the materials sector? It could be the digitisation of experimental
processes and sample information in the context of smart laboratories, the development of
conversion tools to enable the design and output of machine-learnable experimental data, or a
centralised data storage system. A wide variety of components will not be immediately used in
data-driven research, but rather require the interest of the research participants, the digitisation
of information, and the organisation of data for others, as well as steady human effort and the
willingness to go to the trouble of digitising and organising the data. A challenge that we see in
the DICE, a platform that has taken five years since 2017 to become a place where the
accelerated digital transformation of experimental and computational processes can be realized.
By following the process of collecting and using data while balancing the "quality" of the data,
which is ensured by the experts'

T =TTy N7 — ANIRERRICB T H1EROT X b & | data-driven 721
RaPfLLThHD, 7277y M7+ —~—NHIGGEELZIRY £<MES £ b
Wit 57— 7 70 ROWFIZEW T ME B O data-driven 725 & 12 E D L
IRB DI, BERY A I N ZX~— T RT b UELT 25 TO, FRT 1t 20008
HWMET A NMET D ETH T D | B E TR R T —Z Z&RG L. £OH
NZEFAREL T DAY — VRO, T — 2 & — I ERT 2V AT A Th o720 &
BRI K> TlRT RET AT LARRLR D, FEHGHEZKRIAELTHL LN - T,
T — 2 BEEVRBFEIZE B IZRH &2 D1 TidZe <  IFRSINE OB LB RO T ¥
oAb, MADTZD DT — 2 HER e & HE R NRIOES & 7 2 2 b O F/ % JR
OPICT =2 BT 2B RIPERD, EROHEO T n e 20INE 57 24
WET VAT F—=A—=a e 588 LT, 2017 b 5 FORRZNT 2
7 v N7 #—2A DICE (A5, FMZFICL 2 BHE THERESNDT - O TH]
& BRI E 2 ST K o TR - BT D TR OWGONT XA EED
WNHT—HEEDTE D ETORNEZBNRBDL, DIV K DX A THY fie
—IVHER~OEHBOFHE N E L2V,

1) Hiroyuki Oka, Atsushi Yoshizawa, Hiroyuki Shindo, Yuji Matsumoto, Masashi Ishii. Machine
extraction of polymer data from tables using XML versions of scientific articles. Science and
Technology of Advanced Materials: Methods. 1 [1] (2021) 12-23 10.1080/27660400.2021.1899456

2) Hiroshi Shinotsuka, Hideki Yoshikawa, Ryo Murakami, Kazuki Nakamura, Hiromi Tanaka,
Kazuhiro Yoshihara. Automated information compression of XPS spectrum using information
criteria. Journal of Electron Spectroscopy and Related Phenomena. 239 (2020) 146903
10.1016/j.elspec.2019.146903

3) WY, DICE (2B 2M BT — 2 OFR LM, IS A s o v
AU L, 202149 H 12 H
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ERBA_RTIYE TRATF/ P— b ORI & - #EE
CREEAHBR) OWs %

Creation, characteristics and functions of the metal complex two-dimensional polymer
"coordination nanosheet" (Research Center for Science and Technology, Tokyo University of
Science) OHiroshi Nishihara

The coordination nanosheet (CONASH) refers to a ultra- thin film of a two-dimensional
(2D) conjugated polymer composed of metal ions and planar bridging organic m-ligands.
Contrarily to inorganic nanosheets such as graphene and transition metal dichalcogenide
(TMDC), CONASH can be synthesized at the liquid-liquid and gas-liquid interface. There are
numerous combinations of metals and ligands, such that various chemical structures can be
obtained. Also, most coordination reactions proceed under ambient conditions, such that easy
and cheap bottom-up synthetic method can be employed. In fact, by using a coordination
reaction at a two-phase interface such as a liquid-liquid interface or a gas-liquid interface, it is
possible to synthesize nanosheets from multiple layers to single-layer or atomic layer
nanosheets.

In this presentation, synthesis and structures of several examples of coordination
nanosheets and their physical and chemical properties and functions such as electrical
conductivity, redox activity, electrocatalytic properties for hydrogen evolution reactions (HER),
energy storage capacities, electrochromic properties, photo-electron conversion abilities will

be reported.
Keywords : Metal complex; Two-dimensional material; Nanosheet;, Conductivity,
Metalladitholene

T, 77720 WbE Y 7T oD L35 TMDC 72 8, S S EE e
T D Rt E [/ > — bW, Fe s AL E 26352 L b,
RSB LIS AEN O MmN HEE SN TnWb, 7/ v— hO—DIZ, &FEEE
EF— T O S VDB T/ 2 — B(coordination nanosheet), “CONASH” 23 &% 5,

TRTEWEICEREAE AV AEAMELE LT, 1) $HRERERT D4R LN O
Q@WEmT,M%%ﬁ,%W%ﬁﬁﬁruﬂﬁfgé &, 2) BTk
ITT BEOEE W TESGIZAR TE 52 L, 3) RO >Z ¥ Ta=—7r7
FEPE - BEBE A M AANTET VO — R TE L 2 &, BE TN D, FERIT, KK
RELRE N O L 9 72 AR E COSEFRIEE WD Z LIk - T, @6 H
& - o)t ) v— FETHRKRTED Y,

AFHRB T AL (BHT) E&FEA A4 & ORI TIEZEfLE S D M sBHT 4
1L 22D 72 NsBHT #EEDERR T 5, =y ZVOGEITIE, TRV U AL F D
KFEOFMIZE T, MBEEZIEV D TAHAIENTEDL, RNTTVTLALHETIX
MAMT%%\%%ﬁ?iNMMT%E%kéo:ﬂ%@%&?y%ﬁvyf/y%
MEA B ORIEIHAE LT 2RI 2 S 8 R 7 & CE IR K E L
26T %,
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MisBHT & [ E&EEDO R (T F AT ) =y 7 LNIAT), BA (13
JFHZ ) = (NIT), BA (VA7) 4&JF (MDI,M=Ni,Co,Cu) 7/
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R LA Z W D FERICIN 2 T XL PR e B LS CEMER E L THRL 2
EMTEL, EFLE NI ATAEY D UVENL R N AV Y F ML 2 WD T &
IZEk-T, B2 (FAEY YY) &) (MIPY,M=Fe, Co,Zn) 7/ i — bR (¥
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EREOEMLT 7 — NI ERRY | ALFERNC BRI FRE 2 o9, B 2 1E, NisBHT,
Pd; sBHT, Pt; sBHT, NiAT, NiDI, CoDI, CuDI (¥ 971 & K FEFRE s (HER) O BAF/2
ERLFAEREZ R L, & IZEXEFIICE S THEM TE 5 NiDI EMERIL, &
MM D EiENE 7o il & 72 2 D, F£ 7=, NiDI, CuDI 3% E L Ky 7 AR HEES
WTC KRB O EMmETEE U THRET 5 Y, 51T, FeTPY, CoTPY [ZRA4fe= L7
kv w3 v 7 R, ZnTPY 1338 68 2 7R L, ZnDP 13t B A Huk%AE 2 /v 97, FesBHT
DESNSERINEEZFIH L TIERL L 7= B L 7 80 — e s, K& F CIHERFICEWE
HMEZEMEZ DY,

RO XSz, BT 2 — MEE AR B, =L — R B i
&L CHIRREVHERETH B,

Metal ion (M) ’
+

n-ligand (L)

Strong points:
A huge variation of chemical structures
with unique physical properties

_g “ Easy synthesis in ambient conditions

Fig. 1. Concept of “coordination nanosheet”.

1) H. Maeda, R. Sakamoto, H. Nishihara, Coord. Chem. Rev. 2017, 346, 139-149, R. Sakamoto, K.
Takada, T. Pal, H. Maeda, T. Kambe, H. Nishihara, Chem. Commun 2017, 53, 5781-5801, and the
references therein.

3) K.-H. Wu, J. Cao, T. Pal, H. Yang, H. Nishihara, ACS Appl. Energ. Mater. 2021, 4, 5403-5407.

4) K. Sakaushi, H. Nishihara, Acc. Chem. Res. 2021, 54, 3003-3015, and the references therein.

5) Y.-C. Wang, C.-H. Chiang, C.-M. Chang, H. Maeda, N. Fukui, T. Wang, C.-Y. Wen, K.-C. Lu, S.-K.
Huang, W.-B. Jian, C.-W. Chen, K. Tsukagoshi, H. Nishihara, 4dv. Sci. 2021, 2100564.
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BRI EHT 5 PCPIMOF #H DBISE & B

(BEVE AR R ) O Kl !
Development of semiconductive PCP/MOFs ('School of Science, Kwansei Gakuin University)

ODaisuke Tanaka,'

Metal-organic frameworks (MOFs) and porous coordination polymers (CPs) with infinite
metal-sulfur bond (-M-S-), networks have unique electrical conductivities and optical
properties. However, CPs and MOFs with metal-thiolate bonds often exhibit poor
crystallinities, mainly because of the strong M—S bonds and the rapid precipitation of low-
crystalline solids, and are therefore difficult to obtain as single crystals. In this presentation, a
new method allowing one to explore the synthetic conditions of novel MOFs and CPs based
on two machine learning techniques will be reported, namely, 1) the cluster analysis of powder
X-ray diffraction (PXRD) patterns and ii) random forest and decision tree analysis. This
method is applied to the syntheses of novel Ag—S CPs. We will also report various CPs and
MOFs with (-M-S-), networks arranged in one-dimensional chains, two-dimensional layers,
and three dimensionally extended structures. Such materials exhibit high electrical
conductivities and structural stabilities, thus finding numerous applications in electronic
devices.

Keywords : MOFs, Coordination Polymers, Machine Learning, Semiconductor
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Holz, TOHHD—>L LT, —f%f)72 MOF OENITHEITRFBICRESN TN Z &
DT bbb, DO &iE, MOF OEFYMEEEREHT DBRORE Z2filf & o> Tz,
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AFER TIIER % 2 IRTCHED B8 — FiiiH(-M-S-), v MU — 7 ZEEPICH T 28R
MOF K UF CP D& & - E R ST 5, & B BEMEEICES S FEZEM L,
HERS S-SR CP DR S TE RS AR | Z LD W TG A DBRR I SV T 75,

1. BEPIZEM-S-), Xy VT —27 ZFT 5 FEL MOF X' CP DA & HrEREm
bk oi@ Y | Wi EOETCHEEZRNME T & L TETe MOF [3fEs b3 REECTH v | it
R CEREE MOF O/ A SN TV, ABFZE TR, R THD T (Pb) & hiEE
(S) 233 ITHIIZ PbS v MU —7 ZTEAKT D MOF OARL & Al ibi i DR EIZKTD L,
HRRFHC L D% v U 7 AR Z R U7 KE AR EE 72 & O -8R EZ B 5 M2 L
728, Fio. EITE S AMUBOETE EMEN SR D52 OFH CP OARIZHKI L,
Bk & 72 IR TEAE D (-M-S-), > b T — 27 DEHIRNZELS U 72 873 8 R B 0 Yo Am 8 T
P2 L CL Al TR E BB~ OIS 2 B L7z 3,

2. BBEEEZEA LR bOXERFHBIC L 5, FH Ag-S BEALE ST DERK
—fIZ, Br#l MOF OfE bR A RE T D121, B G SN T A — & — DA
G ERE(LT 20N ERD S, BUE, MBI ISR IS FEEZEA L~ T
UTNAAL T x~T 47 A (M) BDEBZED TWDLN, GREMAOHEZ TO ML OTF
FTBERER LOBETH Y WO EWTFENRD SN TV 5, AL T, KK
L= Ag-S BLES T DERERE 7 5 AL U o TR M R EARFEEIT X0 fighr
L. flgm b 3Kl L CW A R A fh U T, Bl ER BT & 0 1 DA SR D ki
B L7239, & 512, Z 2 CH%E L7 BB, #ix 728 MOF OA B IFERZRIZIG AT
BETHDLHZ LEIFELE 9,

1) “Metal-Organic Frameworks and Coordination Polymers Composed of Sulfur-Based Nodes”
Y. Kamakura, D. Tanaka* Chem. Lett. 2021, 50, 523-533. (Review)

2) “Semiconductive Nature of Lead-Based Metal-Organic Frameworks with Three-Dimensionally
Extended Sulfur Secondary Building Units” Y. Kamakura, P. Chinapang, S. Masaoka, A. Saeki, K.
Ogasawara, S. R. Nishitani, H. Yoshikawa, T. Katayama, N. Tamai, K. Sugimototo, D. Tanaka*,

J. Am. Chem. Soc. 2020, 142,27-32.

3) “Photoconductive Coordination Polymer with a Lead-Sulfur Two-Dimensional Coordination Sheet
Structure” Y. Kamakura, C. Sakura, A. Saeki, S. Masaoka, A. Fukui, D. Kiriya, K. Ogasawara, H.
Yoshikawa, D. Tanaka*, Inorg. Chem. 2021, 60, 5436-5441.

4) “Redox-Active Tin Metal-Organic Framework with a Thiolate-Based Ligand”
Y. Kamakura, S. Fujisawa, K. Takahashi, H. Toshima, Y. Nakatani, H. Yoshikawa, A. Sacki, K.
Ogasawara, D. Tanaka*, Inorg. Chem. 2021, 60, 12691-12695.

5) “Machine-Learning-Assisted Selective Synthesis of Semiconductive Silver Thiolate Coordination
Polymer with Segregated Paths for Holes and Electrons” T. Wakiya, Y. Kamakura, H. Shibahara, K.
Ogasawara, A. Saeki, R. Nishikubo, A. Inokuchi, H. Yoshikawa, D. Tanaka*,

Angew. Chem., Int. Ed. 2021, 60, 23217-23224.

6) “Failure-experiment-supported optimization of poorly reproducible synthetic conditions for novel
lanthanide metal-organic frameworks with two-dimensional secondary building units” Y. Kitamura,
E. Terado, Z. Zhang, H. Yoshikawa, T. Inose, H. Uji-i, M. Tanimizu, A. Inokuchi, Y. Kamakura, D.
Tanaka*, Chem. Eur. J. 2021, 27, 16347-16353.
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MOF D& Rt &R R

(SyncMOF #i izt !) O 22!
Latest Trends in Commercialization of Metal-Organic Frameworks ('SyncMOF Inc.)
O Akihiro Hori,!

As populations grow and living standards improve in developing countries, humanity faces
unprecedented food and resource shortages. In addition, increasing industrial activity has led
to ever-increasing energy consumption, and there are concerns about climate change caused by
global warming. Several initiatives have emerged to decarbonize and move towards a circular
economy in response to these global issues. With 120 countries, including Japan, committing
to " zero CO2 emissions by 2050", the race to decarbonize industries has begun. The financial
and insurance industries, which at first glance seem to be unrelated to decarbonization, are also
part of this competition. In this context, researchers have devoted a significant amount of effort
to developing Metal-Organic Frameworks (MOFs), porous crystals that enable the easy
handling of gases to address this problem. MOFs have now moved beyond research at
universities and are being industrialized by start-ups around the world. Atomis Inc. and
SyncMOF Inc. have been established to commercialize MOFs in Japan. In particular,
SyncMOF has successfully developed its business without any external funding by putting
MOFs into practical use. This presentation will discuss the overview of industrial use of MOFs
and their role in addressing the "gas-related problems."

Keywords : Metal-Organic Frameworks; Gas, Zero Emission; Industrialization
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MOF [Z& 5@ FIL &M DRRH & 7Bk
(HKBET) OIS i

Polymer Recognition and Separation by Metal-Organic Frameworks
(Graduate School of Engineering, The University of Tokyo) ONobuhiko Hosono

The technology to precisely recognize polymer structures has remain a difficult task even today,
more than 100 years after the discovery of polymer compounds. Recently, we have discovered
that polymers can be inserted into the nano-sized pores of metal-organic frameworks
(MOFs).'? Exploiting this principle, we have succeeded in developing a new polymer
recognition and separation technique that allows for precise recognition of polymers with
minute structural differences which cannot be identified by conventional polymer separation
methods. In this talk, the potential and prospects of the polymer recognition and separation
technologies using MOFs as a recognition field will be discussed.

Keywords : Polymer, Metal-Organic Framework, Porous Coordination Polymer, Recognition,
Separation
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Figure 1. Potentials of polymer recognition and separation by MOF.
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BESIEEY MOF O ERE &It A RAH

(REeE) Odb)Il Z=
Electrically Conductive MOFs (Graduate School of Science, Kyoto University)
OHiroshi Kitagawa

The fundamentals and applications of the study of porous metal-organic frameworks (MOFs)
frameworks and restricted nanopores as platforms for electron and ion conducting media.
Keywords : MOFs; Electrical Conduction, Proton Conduction; Electron Conduction, Proton-
Coupled Redox System

7'a M AL, e bR (Fx V7)) ThHAIBEXRBETHY, EIREM
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KFEE, BREEENRTREOODIZ, Ya by (H) Ho7aF v s (He),
ERU RAAY (H) ETHAREMEZED, TOREIZSEUTA A BRPKRE
BT DHZENMBNTWD, B R RAFU TIRERBRE VDI LT,
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1) Proton Transport in Metal-Organic Frameworks, D. Lim and H. Kitagawa, Chemical Reviews, 2020,
120, 8416-8467.
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T BREMBIOT VA & Z DT
(KB tt) B 2
Design of Nano—space Materials and Their Appeal
(R&D section of Taiyokagaku Co. Ltd. ) Hironobu Nanbu

Having succeeded in the first industrial production of mesoporous silica in
Japan, we have been developing applications of mesoporous silica not only
as an adsorbent with high specific surface area but also as a catalyst
carrier and a tool for creating new nanomaterials. Some of the results have
already been implemented in society, and I would like to talk about the
appeal of “nano—tools” by introducing their achievements and looking at the
possibility of integrating them with MOF and other technologies.

Keywords: Mesoporous—silica, Nano—porous carbon, Metal catalyst
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BECEBMERLTRAT-RH PCP/MOF IZLK55RIL—T vy F TR EE

(EMR) O Fts
High throughput gas separation by flexible PCP/MOF with thermal management capability
(Research Initiative for Supra-Materials (RISM), Shinshu University) (OHideki Tanaka

We have focused on flexible PCP/MOF (gate-type adsorbent), which can suppress the heat
generation during CO; uptake by endothermic deforming of its framework structure, and
clarified its excellent CO, separation performance. At the same time, we have proposed a high
throughput gas separation system utilizing the characteristics of the gate-type adsorbent, and
found that its CO; separation efficiency was much higher than that of the conventional system.
In other words, we have demonstrated for the first time that the gate-type adsorbent is useful
for improving the efficiency and energy saving of CO, separation systems, and provided a
guideline for the search and development of novel gate-type adsorbents.D
Keywords : CO; separation, gate-type adsorbent

H & NREICEEER T 5 Z & T CO, ZMV IATEROWAERDREEZIMZ D Z
& DYATREZ2 MK PCP/MOF (77— MR EAD IZH B L, ZOENT CO, FrHfErERE 2 B
e Uiz, RS, 04— MUGERIORNEZ TR0 U @il WS B AT L
BERL, TO COMBENRMUERGTRE L TlRO TEL 2D s A LT,
AWFZEE, 77— MRGERDY CO, DWAE ST BEEIIN > 2T Lo @EmshRl - H v ¥ —
BICEHTHLZ L 2D THLNE LEEbDOTH Y, & SICEMERER 7y — MUk A
BIOBRIE « BIZOI=0 DR LD 2 E MRS D,

1) Intrinsic Thermal Management Capabilities of Flexible Metal-Organic Frameworks for Carbon
Dioxide Separation and Capture, S. Hiraide, H. Tanaka, N. Ishikawa and M. T. Miyahara, ACS App!.
Mater. Interface 2017, 9, 41066.

2) High-throughput gas separation by flexible metal-organic frameworks with fast gating and thermal
management capabilities, S. Hiraide, Y. Sakanaka, H. Kajiro, S. Kawaguchi, M. T. Miyahara, H. Tanaka,
Nat. Commun. 2020, 11, 3867.
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MOF % FA L\ = @5k & 2 B 7' 0 & R DG A & #3253 14 514

(HKREEL) IR =5
Applications and economic evaluations of continuous adsorptive separation processes using
MOFs (Graduate School of Engineering, Nagoya University) Yoshiaki Kawajiri

Many MOFs have been reported to show unique properties for separation, but evaluating
them in large-scale separation processes would require careful analysis. Experimental
investigations to reveal properties of isotherm and kinetics must be performed, which must be
analyzed to obtain information for process design and economic evaluations”. In this
presentation, some case studies of utilizing MOFs for CO; separations are presented including
carbon capture from flue gas, as well as direct air capture?.

Keywords : MOF, separation process; adsorption;, CO;

B x D MOF IZOWTHBEICRE T 2R S ST A0, KRB =& X
WA 2 72 DICFHITT 5 72 OITI T E B RN S EE & 72 5 WE FIRATIN 2 Tl
B LT D EREITo /21, 7 0 AREF & BRFMETEGIC LB AR i A 157
ER B0 D, RFERTIE. MOF % CO, 7RI T 2 BB OFH AN T 5,
FRICHET A6 O bR F B, KON direct air capture (2 DWW T DRI =T D 2,

1) Optimization and techno-economic analysis of rapid temperature swing adsorption (RTSA) process
for carbon capture from coal-fired power plant. S. Swernath, K. Searcy, F. Rezaei, Y. Labreche, R. P.
Lively. M. J. Realff, Y. Kawajiri, Comput. Aided Chem. Eng., 2015, 36, 253.

2) Systems Design and Economic Analysis of Direct Air Capture of CO2 through Temperature Vacuum
Swing Adsorption Using MIL-101(Cr)-PEI-800 and mmen-Mg2(dobpdc) MOF Adsorbents. A. Sinha, L.
A. Darunte, C. W. Jones, M. J. Realff, Y. Kawajiri, Ind. Eng. Chem. Res. 2016, 56, 750.
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DX Bt DEHBIZKkOHOLNBZ &
(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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DX BEHE D RE

OLRBEH ) ORIE &K'
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

ﬁ%%/ﬁ\ﬁk (%%%’I‘?) & :7_:‘_‘ ? 0 disruptive innovation in organic synthesis
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FYRNVAMUTHIT 49 ADEHHER
(AL RMIERF |+ SR YD) OBRE M 12

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

Fl BERIF 72 IR 722 STHR I 0 2 30 & U CHVESEARGN 2 72 C 2 23, kit BEE 5 4
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Lo TG, P ARREETIL, bt L T — 2 B o R IR 7RI B9 D Bk &
Fox OE A 0L L HIHEIT D,

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.

4) Takahashi, K.; Takahashi, L.; Miyazato, |.; Fujima, J.; Tanaka, Y.; Uno, T.; Satoh, H.; Ohno, K.; Nishida,
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.

(5) Toyao, T.; Maeno, Z.; Takakusagi, S.; Kamachi, T.; Takigawa, |.; Shimizu, K. Machine Learning for
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
Methane Using an Extrapolative Machine-Learning Method to Identify Novel Catalysts. ChemCatChem
2021, 13, 3636-3655.
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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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[1] Ikebata et al. Bayesian molecular design with a chemical language model. J Comput Aided Mol Des.
31(4):379--391 (2017).

[2] Wu et al. Machine-learning-assisted discovery of polymers with high thermal conductivity using a
molecular design algorithm. npj Comput Mater. 5:66 (2019).

[3] Wu et al. iQSPR in XenonPy: a Bayesian inverse molecular design algorithm. Mol Inform. 39(1-
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).

[6] Yamada et al. Predicting materials properties with little data using shotgun transfer learning. ACS
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.

[10] Banko et al. Predicting structure zone diagrams for thin film synthesis by generative machine
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.

[1] J. L. Durant, B. A. Leland, D. R. Henry, and J. G. Nourse, J. Chem. Inf. Comput. Sci., 2002,42,1273.
[2] D. Rogers, and M. Hahn, J. Chem. Inf. Comput. Sci., 2010, 50, 742.

[3] D. Duvenaud, D. Maclaurin, J. A.-lparraguirre, R. G.-Bombarelli, T. Hirzel, A. A.-Guzik, R. P.
Adams, arXiv:1509.09292, 2015.

[4] K. T. Schitt, P.-J. Kindermans, H. E. Sauceda, S. Chmiela, A. Tkatchenko, K.-R. Mdiiller,
arXiv:1706.08566, 2017.
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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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The challenges to low-carbon technology at ENEOS.Perspectives from co-developer and user
of MatlantisTM,a high-speed atomic-scale simulator
(ENEOS Corporation) OTakeshi Ibuka

To accelerate the research and development of innovative materials that realize a low-carbon
society, Preferred Networks, Inc. and our company have developed Matlantis™, a high-speed
versatile atomic-scale simulator, using proprietary Al technology. Our product is provided as
SaaS from Preferred Computational Chemistry, Inc. (PFCC), a joint venture co-found by both
companies. We are taking on the challenge of R&D innovation by utilizing this new technology.
In this presentation, the development process, application examples, and prospects of Matlantis
will be reported.

Keywords : Neural Network Potential; Materials Informatics, digital transformation
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© The Chemical Society of Japan - B302-2am-01 -



B302-2am-02 BAL2S B1025SF2 (2022)

TOANRY ) —Z T &RAVEEA RSB ERAEEMEDRRE
(AFEATRFZERT ) O = A= ' « Gl 47 ' - rifrisstet ' - AR B - L

Development of exhaust gas purification alloy catalyst in automobiles Using Digital Screening
(‘Honda R&D Co., Ltd) OHitoshi Mikami,' Satoshi Hirose,' Hiroki Takeori,'! Masafumi
Sakota,' Tatsuya Okayama'

The creation of new materials is essential for the evolution of new products. However,
because it depends on the researcher's experience, intuition, and luck, the conventional method
limits the search range of elements and compositions and takes a lot of time. In addition to the
conventional methods such as catalyst synthesis, activity evaluation, and mechanism
elucidation by TEM and spectroscopic analysis, we have developed a digital screening method
to search all elements comprehensively by utilizing the electronic structure calculation by first-
principles calculation and unknown data prediction technology by machine learning'?.

The surface electronic state is an important factor in catalysis, setting surface properties as
response variable for digital screening. We have shown that the activity of supported metal
catalysts is highly correlated with the charge and valence band states by XPS and XAFS
analysis, and the charge distribution and Density of state by First-principles calculation®®. In
Catalyst support effect, the adsorption property changes mainly due to the change in the charge
distribution at the interface between the activity metal and the support. The alloy effect changes
the gas adsorbed species due to the change in the electronic state of the supported metal.

In order to improve the purification performance and reduce the amount of precious metals
used in automotive exhaust gas purification catalysts, we focused on the change of electronic
state and improvement of activity by alloy catalysts. This article introduces the development
of Pd alloy catalysts for high activity automobile catalysts using the digital screening method.
Keywords : Digital screening, First-principles calculation, Machine learning, Automotive
catalyst, Alloy catalyst
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1) Materials Research Method using Smart Materials Informatics, A. Furukawa, T. Ikeda, T. Okayama,
Honda R&D Technical Review, 2017, 29, 84.
2) Search for Alloy Catalyst for Automobile Exhaust Gas by Means of Integrated Flow of Experiments,
First-principles Calculation, and Materials Informatics, S. Hirose, H. Mikami, M. Sakota, H. Takeori, T.
Okayama, Honda R&D Technical Review, 2020, 32, 97.
3) Perovskite lattice oxygen contributes to low-temperature catalysis for exhaust gas cleaning, T. Higo,
K. Ueno, Y. Omori, H. Tsuchiya, S. Ogo, S. Hirose, H. Mikami, Y. Sekine, RSC Adv., 2019, 9, 22721.
4) Elucidation of Hydrocarbon Purification Mechanism of Catalyst for Lean Burn Engine Using Surface
Analysis and Ab-initio Calculation with Large-scale Cluster Model, Y. Matsuo, S. Hirose, H. Takeori, T.
Okayama, Honda R&D Technical Review, 2019, 31, 86.
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Analysis of magnetic function using extended Landau free energy model(7okyo University of
Science) OMasato Kotsugi

We propose an "extended Landau free energy model", which can deal with the complex
microstructure of magnetic domain structure and explain macroscopic magnetic functions
using modern data science. The energy landscape is newly drawn in the information space by
persistent homology (PH), principal component analysis (PCA). The PH and PCA analyses
yielded high-quality features that explain the microstructure of the magnetic domain structure
and magnetization. The energy landscape shows that the mode of domain formation changes
sequentially with the energy gradient. This model allows us to establish a relationship between
the microstructure of the magnetic domain and the magnetization reversal process based on the
energy."

Keywords : magnetic domain structure;, machine learning; energy landscape
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1) Analysis of the coercivity mechanism of YIG based on the extended Landau free energy model, T.
Mag. Soc. Jpn. K. Masuzawa, and M. Kotsugi, in print (2022)
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Application of machine learning methods to neutron scattering data for materials analyses
(Japan Atomic Energy Agency) OKazuyoshi Tatsumi

Large user experimental facilities are trying to apply data driven science procedures such as
machine learning and Al on their measured data so as to improve their measurements and
analyses abilities. This presentation introduces an example application of data-driven science
on the neutron experimental data measured at J-PARC MLF.

A list of the detector array positions and time of detection of each detected neutron is
recorded in pulsed neutron experimental facilities. We considered the contents in the list as
Poisson point processes and optimized the bin-widths of the inelastic neutron scattering (INS)
momentum and energy histogram and the kernel widths of the kernel density estimation on the
quasi-elastic neutron scattering (QENS) energy profile, according to the references!.

The optimal bin-widths on the INS data of a single crystal copper were obtained on the actual
data sets as well as the virtual data sets of different total counts, which will help to design
efficient measurement. The method will statistically validate the existence of an unknown faint
spectral feature, as well.*

Energy profiles of probability densities on the QENS of Nafion samples were estimated.
Fitting uncertainties in the half width half maximum of the Lorentzian components on the
estimated densities were smaller by a factor than those on the histograms.’

Keywords : Dada-driven science; Histogram bin-widths; Kernel band widths in kernel density
estimation, neutron scattering, Poisson point process
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1) Shimazaki, H. & Shinomoto, S. (2007). Neural Computation, 19 1503. 2) Muto, K. et al. (2019). J.
Phys. Soc. Jpn., 88, 044002. 3) Shimazaki, H. & Shinomoto, S. (2010). J. Comput. Neurosci. 29, 171. 4)
Tatsumi, K. et al. J. Appl. Cryst., submitted. 5) Tatsumi, K. et al. MLF annual activity report 2020.
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Efficient design of strong interfaces by combining molecular simulation and materials
informatics ('Hitachi, Ltd) OTomio Iwasaki

Following the trend toward the needs of environmental and biological compatibility of
materials used in devices, various materials will be used in the future. Accordingly, many
different-materials interfaces will be formed in devices. So, we have developed a technology
for efficiently designing strong interfaces by use of molecular simulation and materials
informatics. This technology has been used to design strong interfaces between various
materials such as resins, metals, ceramics, and biomaterials. This technology was applied to
the design of metals with strong adhesion to polylactic acid (PLA), which is one of bio-based
resins for carbon neutrality, and Ni-8%Mn was found to have the strongest adhesion to PLA.
Next, ceramics with the strongest adhesion to DNA were designed, and a multilayer
(ZrO,/CaO/HfO,) was found the best. Furthermore, ceramics with the strongest adhesion to
peptides were designed, and Ca-9%NiO was found the best. Because these results were
confirmed by scratch testing, the materials informatics technology was considered effective.
Keywords : Materials Informatics, Molecular Simulation; Adhesion Interface; Biomaterial

Lt DT NA AZIL, EMERE - mREE LIS x, ] &S 2Bt OBREE - ik~
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OB EET DI L8, o, AREANE & BREE A M2 % 72 DNA #E
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WCENT-E® T 2 v 7 2EFE LIERER, Ca-9%NiO DNixiE ChHhiHZ tar LT, Zh
OOFERIZ, 27 T v FRBRIC L D REES v, KRB OFMEZ FZEE LT,

Zr of Zr0, 0 of Zr0,
Bottom;"o 04

Side view  view : © 0 of DNA
Coherent interface between PLA and N|-8%Mn Coherent interface (DNA and ZrO /CaO/HfOQ)

1) Materials informatics has been reported. T. Iwasaki, J. Mater. Sci., Japan. 2017, 66, 427.
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From materials data to evidence for understanding materials
properties

(!1School of Knowledge Science, Japan Advanced Institute of Science and Technology,
International Center for Synchrotron Radiation Innovation Smart, Tohoku University)
OHieu-Chi DAM'2

Keywords: Materials informatics, Data-driven approach, Machine learning, Data mining,
Evidence theory

Generally, materials science studies use data analysis to study already synthesized
materials or calculated hypothetical materials to generate ideas for the next experiment or
design the material they want to develop. The results of material data analysis usually include
similarities between materials and correlations between the structure or composition of
materials and their physical properties. However, it is not easy to manually and properly
evaluate similarities between materials and correlations between multiple factors to gain
insights and reveal their physicochemical mechanisms.

With the recent development of data-driven Al, it is expected that data-driven approaches
will accelerate materials science research. However, applying the developed data-driven Al
techniques to materials science is not easy, even if they have been successful in other fields.
The problem is that the effectiveness of a data-driven approach depends on the compatibility
of the applied data-driven algorithms with the materials science problem to be solved and with
the representation of the collected materials data.

Another problem is that material data is still scarce and usually includes results that are
difficult to interpret consistently. In addition, the reported materials data is often biased toward
successful examples. Therefore, although learning similarities between materials and
extracting knowledge from data is intuitive and straightforward and is the preferred application
of data-driven approaches in materials science, still, it is not easy to properly evaluate
similarities and dissimilarities between materials even when using data-driven techniques to
analyze materials data.

This talk will introduce our efforts to develop an evidence-based data-driven approach’?
that can overcome the difficulties currently encountered in applying data-driven to materials
science to handle multiple materials data, including insufficient, inconsistent, biased data, in a
unified manner.

1) N. N. T. Ton, M. Q. Ha, T. Ikenaga, A. Thakur, H. C. Dam, T. Taniike, 2D Mat. 2020, 8, 015019.

2) M. Q. Ha, N. D. Nguyen, V. C. Nguyen, T. Nagata, T. Chikyow, H. Kino, T. Miyake, T. Deneoux, V.
N. Huynh, H. C. Dam, Nat. Comp. Sci. 2021, 1, 470-478.
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High-throughput Computation and Machine Learning on Oxygen Vacancies (‘Institute of
Innovative Research, Tokyo Institute of Technology, OYu Kumagai'

Oxides are used in a variety of applications because they exhibit various mechanical,
electrical, and optical properties. Although oxygen vacancies are known to play important roles
in these functions, previous researches focused on individual oxides and its general knowledge
has not yet been obtained. We therefore performed high-throughput calculations for oxygen
vacancies and used the database to regress the point defect formation energies by machine
learning.

As shown in Fig. (a), the neutral oxygen vacancy formation energy is found to be distributed
in a wide range of 7 eV. We also performed random forest” machine learning on the oxygen
vacancy formation energies (Fig. (b)), and confirmed that we could predict them with an
accuracy of 0.3 eV. Furthermore, the importance for neutral oxygen vacancies (Figs. (c) and
(d)) is mainly related to stability and electronic structure of the oxide, whereas that for divalent
ones, the quantities related to the electrostatic energy, such as the ionicity and dielectric
constant of the oxide, are important factors.

Keywords : Oxygen vacancies, Computational materials DB, Materials informatics, First-
principles calculations
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(a) Neutral oxygen vacancy formation energy distribution and (b) comparison of calculated and predicted
results by machine learning. (c, d) Importance of neutral and divalent oxygen vacancy formation energies.
1) Random Forests, L. Breiman, Machine Learning 2001, 45, 5.
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Application of Digital Technology in Catalyst Design

(YJGC Catalysts and Chemicals Ltd.) OShingo Sakai,' Takayuki Kurogi,' Rei Hamada'
Keywords: Catalyst Design; Machine Learning; Response Surface Methodology;
Multiobjective Optimization; Fluid Catalytic Cracking

Digital technologies of machine learning and multiobjective optimization were
introduced to develop the catalyst for fluid catalytic cracking (FCC). Response surface
methodology (RSM) was applied for machine learning with the data set which consists of a
variety of catalysts compositions, feedstock properties, pseudo-equilibrium conditions,
cracking performance test conditions as input parameters and the cracking test results as
outputs. Then the virtual experiments were carried out based on the obtained response
surfaces and catalyst design was optimized using multiobjective genetic algorithm (MOGA).
In this study, all investigations on the computer were carried out with the commercial
software “modeFRONTIER”.

At first, 1000 sets of data on many FCC catalysts and each laboratory performance test
were prepared before conducting machine learning. Regarding RSM, some methods were
examined to build the machine learning model and finally radial basis function (RBF) was
found to contribute to the best accuracy in the prediction of cracking performance.
Furthermore, additional 15 actual experiments were examined in the laboratory and verified
to be good correlation with the prediction by RSM (Fig. 1). This suggested the possibility of
the replacement of laboratory experiments by virtual experiments.
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Fig. 1 Validation result of prediction accuracy for product yield
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Multiobjective optimization is useful in such case where there are more than two
objectives and these relationships are trade-off. For example, as the main role of FCC is to
convert heavy oil to lighter valuable products such as propylene and gasoline, it must be
difficult to be satisfied with both objectives, bottom product (HCO) to be reduced and
gaseous by-products to be reduced, at the same time. In such case, the number of optimal
design would not be only one but multiple designs exist on the trade-off line. In
multiobjective optimization, the designs on the trade-off line could be found out by the
functions of MOGA and many virtual experiments (Fig. 2). In this study, 5000 virtual
experiments were examined to achieve four objectives. A design which was mostly
expected to match the demand within some constraints was selected among 5000 designs
and verified to have better performance than our commercial catalysts in the laboratory
experiment.
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Fig. 2 Virtual experimental results
The digital technologies including machine learning and multiobjective optimization
were applied in the field of catalyst design. FCC catalyst design was quickly optimized with

the technologies and its performance was in the level to be hard to overcome with the
human effort.
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Energy Transition and the Social Acceptance of Renewable Energies
Yasushi Maruyama (Graduate School of Environmental Study, Nagoya University)

The purpose of this research is to show social aspects of renewable energy projects and the
way of consensus building from the viewpoint of social acceptance.

Awareness of the environmental problems e.g. climate change has accelerated the global
movement toward decarbonization. In Japan, the use of renewable energy sources has increased
4 times since the Great East Japan Earthquake, and is expected to continue to increase. On the
other hand, various issues have arisen. In addition to many technical and economic issues,
social justice issues such as the "just transition" have been discussed in recent years (Sovacool
and Dworkin eds. 2014). Among these issues, environmental impacts and consensus building
in the location area are increasing. This research explores ways of resolving these issues from
the perspective of decision-making procedures and local benefits.

Renewable energy is relatively small-scale and decentralised. This means that the number of
projects will increase and decisions will need to be made in many different regions with
different natural and social conditions. There exists various unique issues , which cannot be
justified by the benefits of the energy transition for society as a whole. In fact, the number of
cases of opposition from local residents is increasing in Japan, and local authorities are
becoming increasingly vigilant. However, there are also reported cases where same level of
environmental impacts result the exact opposite reaction of stakeholders'. This makes it
difficult for regulatory framework.

The concept of social acceptance tries to respond to these issues. It states that the allocation
of risks and benefits, decision-making procedures and trust are influential

In fact, many reports suggest that social factors, such as the communication of developers
and the availability of benefits, have a greater impact on discomfort with the environmental
impacts of renewable energy than physical factors. We would like to report on the current
situation in this respect from the International Energy Agency (IEA) report, and discuss the
possibilities for the future. In view of the diversity of regional characteristics, the zoning system
proposed in the revised climate change policy may function as a consensus-building procedure.
In terms of benefits, various social innovations have been developed, including participation in
finance, and the concept of community benefits that contribute to the future of the entire region
has also been proposed. We would like to discuss the possibility of introducing renewable
energy to improve the benefits of society as a whole in light of these points.

Keywords : Renewable energy, Social Acceptance, Energy Transition, Climate Justice
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Sovacool, B., & Dworkin, M. (eds.), 2014, Global Energy Justice, Cambridge University Press.
Wiistenhagen, R., et al. (2007). "Social acceptance of renewable energy innovation" Energy Policy
35(5): 2683-2691.
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Organometal Halide Perovskite Solar Cell As Next Generation Photovoltaics

(Dep. of General Systems Studies, Grad. School of Arts and Sciences, The Univ. of Tokyo)
OHiroshi Segawa

Emerging organometal halide perovskite solar cells have attracted wide attention as
“perovskite solar cells (PSCs)” from very many researchers. The power conversion efficiency
(PCE) over 25% was achieved within ten years from the advent of the PSCs. In this lecture,
the state-of-the-art technology trend of the PSC will be reported.

Keywords - Organometal Halide Perovskite; Organic Photovoltaics; Hybrid Solar Cell,
Perovskite Solar Cell; Next Generation Photovoltaics
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FYUFTbhiz:DTHS.
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BNEROATRAAA MCIGS 2 T LKGEMDBEFE

(HGHEE 1 BORRT 12 - KBRS S) OHfr ek ! - Ol i 2 - 2 m =K1 -
BIFT ZPE2 - WE)l ¥EE] 23

(!Advanced Technology Research Laboratories, Idemitsu Kosan Co., Ltd., ’Research Center
for Advanced Science and Technology (RCAST), The University of Tokyo, *Department of
General Systems Studies, Graduate School of Arts and Sciences, The University of Tokyo) O
Motoshi Nakamura', Chie Nishiyamaz, Keishi Tadd®, Takeru Bessho®, and Hiroshi Segawa2’3

Tandem solar cells with perovskite (PVK) solar cells as the top cell have attracted much
attention for increasing the efficiency of widely used Si, Cu(In,Ga)(Se,S). (CIGS), and other
solar cells. The metal electrode needs to be replaced with a transparent conductive layer (TCO)
such as thin-doped indium oxide (ITO), usually deposited by sputtering, to use PVK solar cells
as top cells ). Tt is recognized that buffer layers, such as thermally evaporated MoOx, need to
be introduced to protect the underlying hall transport layer (HTL) from sputtering damage® >,
however, this study reveal that the effect of the sputtering damage on Spiro-OMeTAD, which
is the most widely used HTL, is not detrimental to the device performance, but rather leads to
an improved power conversion efficiency (PCE) due to the better band alignment. The
photoluminescence (PL) spectrum and time-resolved PL curves did not change before and after
ITO deposition even the deposition was conducted at a very high power density of 3.2 W/m?.
Theoretical simulation using the solar cell capacitance simulator (SCAPS) also shows that
defects at ITO/Spiro-OMeTAD interface do not affect to the device performance at all. A high
PCE of 18.0% and 25.5% were achieved for a 1 cm?-sized buffer-free semi-transparent PVK
cell and a four-terminal PVK/CIGS tandem solar cells, respectively.

Keywords : Perovskite; CIGS,; Tandem Solar Cells,

a7 24 MPVKYKBEE ~ > 7t LCTHERT 570213, &FEMRE
ITO 7c EOFEWEER EEIMZDVLENDHDH, ZORE, ANy H X A=) TE
OIEfLEEE (HTL) Z1RET 572012, MoOx 72 ED Ny 7 7 EE B AT 5 FN—
BRI THh 5D, L., AR TIE, ITO ANy X IZ LA ET R —hi T 1X, T34
ZVEREIC TR A I E < | 0T HTL O EIC X BN RT 54 A v FoikE
2 & EHhE (PCE) %\ ESH 5 HE2FEBRML N SCAPS v = L— 3 & Hn
THBLMNZ LTz, lem? A XD¥%H PVK L & L TR R E KD PCE TH 5
18.0%% Ny 7 77 U —TCTHEE LT, ERIMIIZRINEZ G T 5 MoOx /Ny 7 7 & fif
SLEFEICZLY by e OSEmENSE L, 40561 PVK/CIGS # 7 LB /MICE
W, 25.5%DE PCE #1572,

1) Park, H. H., et al, J. Small Methods. 2020, 4, 2000074. 2) Chen, B. et al. Nat. Commun. 2020, 11,

3) Xu, J., et al, Science. 2020, 367, 1097. 4) Fu, F., Feurer, et al, Nat. Commun. 2015, 6, 1. 5)Werner,
J., et al, Sol. Energy Mater. Sol. Cells. 2015, 141, 407.
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NATRANA bRBEEMDRERAE~EIT=EYHEH
(REEHRIER) B3 7

Challenges in developing perovskite solar cells for practical use
(Toin University of Yokohama) O Tsutomu Miyasaka

We achieved high levels of Voc for all inorganic CsPbl,Br (bandgap 1.9¢V) with 1.42 V 1
and for mixed cation Cs-FA-MAPb(I,Br); perovskite cells (bandgap 1.51eV) with 1.19V.%
The CsPbl,Br device exhibited Voc exceeding 1.1V even under week indoor illumination (200
Ix) with power conversion efficiency (PCE) >34%>2. The mixed cation perovskite cells,
working with conversion efficiency >22%, shows Voc close to its SQ limit (ca.1.21V) as a
result of interfacial modification with phenyethylamine bromide as a dipole-inducing layer. *
These works show that the successful passivation of the junction interfaces is essential for
increasing Voc and power conversion efficiency.

Keywords : Perovskite; Photovoltaics, Solar cell; Interfacial passivation; MXene

a7 A4 NKEEMONEEBRFFEICB N T, L EREEIL 90% % 2
DN NRT XD ITIFIFEEFREEIZ H D720 ERLICB O CEIR(LZ Ik
D5 b OIEBAEREBAEEEE (Voc) & #i#RKF (FF) THY, Zabid~<u7 2%
A NSRRI O KM X D BRSO L > TR T 2729, 5l o K MaE B 425
9% passivation DTN ZNFR MBI D203 D, AGEEE TITAK., OO mH%
DF 7 — bEHWTREOEZUGE L Voo % 5 5 HEE ORI 5,

Mg~ a 7 24 F& LT CsPbBr (/N2 R¥ ¥y v 7 1.9eV) &MV, SnO, & 1
5@ & CsPbLBr O HEIZHERESS SnOx DT/ v— F (JEES<5nmm) A L7=E/LT
X, REOELT v > F o FHEENED DN HRER, Voo X 142V ETHEL D, £
BhE1IE 1 sun & T TlE 17%L4 B BN LED FB D 200 1x DJEE T Tl 34%E T
mED Y EHTANEIT 200 Ix OXEET (1 sun JEEDK) 1/500) (2FWVTH Vo 23
L1V BLEICHER S HE D 2L THY . ZAUIKBERE 7L L THROTE LWWITH
. BN IoT HOERE L TEMMET IDICHELETH L, —F. IBADT AL OaHK
T ANA 7Yy KX 7 AT A b (Csoos(FAossMAg17)Pb(Io.esBroos)s. 73> R¥ v » 7
1.51eV) IZBWT, _u 7 ZAd A & IEFLEEE ORI oy F O R 7 ===
FNT I & BRI X o TR\ S 720 Tl SR OEL I FRICE - TIE
FLE AR D HOMO L)L & EALIESE ORIBIL A K E S ELT 2 2 ERbnb
ZOMPITE ST, Voc 1Z 119V ETERE o7 (BHHFE>202%) I, N R¥ vy v
& Voc DFZETH 5 Voc K13 0.32eV EAied T/hE < | Voc fEIE Shockley—Queisser [R
ROMIZIHWEB 2 bID, ZOMZEIE, BEM L7250 18 2 5 > 7o 86 R i D Ry
73 passivation 78 Voc ZEHT 2 Z L R THI TH D, v T AT A b KEGEM OGN
JBA~DOTMFE L TISANEN > TWDEEOD 1 SI2. HEES 2 B MXene
(TisC,Ty: Ticarbide) 238 %, MXene [3/E S 1~2nm OJERILEM TH U 58 %2 H D

[Z 2T AT]
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Z & T, BEE AT D I ENHIRFCE S, M RITMMEMEOE SR
THHEERMETH D, FEH DT MXene LT 52 L THEEZKEL, nfl
PERVE R FR- ML LT 7 A4 b (MAPbL) OFE FkE (EXK 10
nm) (ZfEH L7z, MXene Z RO EFEEBICHW BV, v 7V RRERRD
Planar ! /LCTH 5, ZDFHIETEHE 18% (Voc, 1.06V) 235541, MXene NHHED
PCBM 72 LI b B rkfgIcfix 5 2 L 2R Lz Y,

ZALBH D passivation FATIE, ZhEE TIEL 20% 2B 72IE00 D7 X TR T
ANV LIV DR EZ A ESELTEOICL A TH D, EHELITREDO 7 4 VLBV
DEY 2—MERICHEA L TEBY KM 1IZ6 B NVEIRDO T T AF v 7 7 4 )V AT
Va—LOFIThD, @HTIIRET VAR FEZDIZERO TR HRENT 5,

# 1 CsPbLBr a7 A A MEEEEE ONER—ELRE (B EERN)
B4 1sun®DRiE

Jsc (MA cm-2) Vg (V) FF (%) PCE (%)

CsPblzBr 15.0 1.42 81.3 17.4

EAR 1.7500 sun®JcE (LEDFEBANE. 200 lux)

Jsc (nA cm2) Voc (V) FF (%) PCE (%)

CsPblzBr 21.0 1.14 86.0 34.2

M1 BAELTETTRTF T T4 NARAT ABHA FKBEBEY 2 — L

[References]
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Numata, S. Hayase, and T. Miyasaka, J. Am. Chem. Soc. 2020, 142, 21, 9725-9734.
2. Z. Guo, A. K. Jena, I. Takei, M. lkegami, A. Ishii, Y. Numata, N. Shibayama, and T.
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RATRNA FKRBEM : ECTHLERELTOEREIZAITT

RAEHE ) OFE #iE '
Perovskite Solar Cells: Toward Sustainable, Off-grid Power Generation
(\Institute for Chemical Research, Kyoto University) O Atsushi Wakamiya'

Perovskite solar cells have attracted attention as promising next generation photovoltaics.
Metal halide ABX; perovskite layer, a key material in these devices, can be fabricated by
solution methods at low temperature, which allows us to fabricate lightweight and flexible
devices. We have developed efficient perovskite solar cells based on our materials and materials
and device design concept. In this presentation, our research progress and approaches toward
commercialization of perovskite solar cells will be introduced.

Keywords : Perovskite; Solar Cells; Molecular Design, Sn-based Perovskite;, Printing
Technology

BT AAA NREERAR ARG ER S L CER 28D T 5, ARG E
WM ELOEIR O EA 72 EOIRKIE T 0B A TERARETH Y . 7 4 LV 2FEREH WD Z
ETC, A BEOT LIV AVKEEMOGIERTX S, 2, BASSIT TR, =E
W72 EORBBESRET THOEWREEDREZRL, ZNUODOREEIEN L 82T
BEF] & L THEARBATNCEAT S Z LN TELAHARED RLX—HE LTHM
Ehb,

Fox 3, MEHEZOBLEN S ME ORa 7 2 A e KR s L OVE R R I
MEFOBIFIZE Y f A, R8T A A N RBEMORER RIZE Y A TE 7, il
Tk, By rfEs L THWDME OIEFLREIEME 2 FH = p-ian B A #EiED
TNA A TENTZHEEBNRE L SWIHAMEEZ HDOE LD HE DT /N1 ZADOBFEITAK
HLTWb, £72. Sn 25007 A b A MPEE W2 KEGERO mIERELIC D
A TS, Sn-PbiRERMEITIX, A ORE Sy > _— 3 HIZ B3
5HZ & T, 23.6%DNEEH R A ST KGR ARE L T\D, Fkaxld, ZNET
ORI Z S L2, 2018 FEIZIIRFERAX— T v 7L LT, (Bf) =xa— T
7 ) a T —REEN L AKRGEMOFEAEZ B LIRS B I A T 5,
A ClX, Fox OB D 5 O pl 3 | N
L e HITEMBICHT 72 H D AT
WCHEEIT D,

HIRE - AMFZEIL. JST-COL, ALCA, K3k

ARG S, 5L TUNEDO O3fRE | P
T AP PRy S v KERRBTb
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HHERKIGE MO SRR ZFE [ =M 5KE
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Materials design for highly efficient organic photovoltaics
(Graduate School of Advanced Science and Engineering, Hiroshima University,) Itaru Osaka

Bulk-heterojunction organic solar cells based on m-conjugated polymers have been
intensively investigated in the last few decades. A key to improving the OPV efficiency is to
control the polymer order as well as the morphology that determines the charge separation and
charge transport processes. Therefore, careful molecular design of m-conjugated polymers to
manage the backbone coplanarity and intermolecular interactions is imperative. We have been
studying a number of m-conjugated polymers by incorporating various m-electron systems into
the polymer backbone, in which the crystallinity and molecular orientation significantly vary
depending on the molecular structure. In this presentation, I will show the design and synthesis
of novel m-conjugated polymers based on 7w-extended fused rings such as
dithienonaphthobisthiadiazole (TNT) (Fig. 1), and discuss how the molecular structure affects
the polymer order in the thin film and thereby OPV performances.

Keywords : Organic photovoltaics, n-Conjugated polymer; Organic semiconductor, Fullerene;
Non-fullerene;

B LA SRR OB SIS X

n . AHERCKEER (OPV) DT 1 {%} ﬂjigijrk
I — 2R (PCE) 3R EERIZ M) L g

PTNT2T

LTWD, TERDFEERAR Y ~—I20
Z. FRICEITEETIE, E7T—1
T 7% — (NFA) DOBIZENE,
18%LL L@y PCE 28 #iis ST 4
Do B YANA) %§ﬁ$“ﬁ’\rﬂ BN p/l’l ilyey TN\T/ R PTNTBDTF

BB ARDFICB N T, BRI ‘

RO E LTRABIEOD LAY 7810 D s o iz T 01
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1) V. Vohra et al., Nat. Photon., 2015, 9, 403. 2) K. Kawashima et al., J. Am. Chem. Soc., 2016, 138,
10265. 3) M. Saito et al., Adv. Energy. Mater., 2020, 10, 1903278.
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Organic Photovoltaics with light-absorbing selectivity for agricultural applications
(Suwa University of Science) O Yasuyuki Watanabe

Chlorophyl as known one of Photosynthetic pigments absorbs the red and blue wavelengths
of sunlight well, but not so much the green wavelengths.On the other hand, the active layer of
organic photovoltaics enables to control the absorption wavelength of light using a variety of
organic molecules. Organic photovoltaics (OPV) have the advantage of lightweight, flexible,
and wavelength selective applications. Such features of OPV are developed to the practical
application of solar matching that can both generate electricity and cultivate plants.

In this study, we fabricated and evaluated the OPV with transmitting light at the effective
wavelength of photosynthesis. In addition, photosynthesis measurements were performed
under the transmitted light from the active layer of the OPV, and the usefulness of the OPV
used in this study for solar matching was investigated.

Keywords : Organic photovoltaics, light absorption selectivity, Photosynthetic pigments,
agricultural applications
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ThD. Fex lTHEHEEKEER (OPV) OBREMELCT Lo 7, REFRMEL
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Fig.1 Schematic diagram of Solar Matching. Fig.2 Light response curves of photosynthesis
with and without OPV under simulated sunlight.
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Carbon Nanotubes for Solar Cells

(Graduate School of Engineering, The University of Tokyo) OShigeo Maruyama
Keywords: Carbon Nanotubes, Solar Cells, Transparent Conductive Layer, Hole Transport
Layer, Perovskite-Si Tandem

Carbon nanotubes (CNTs), graphene, and fullerene (Cgo and derivatives) are very
efficiently used in organic-thin film and organic-inorganic Perovskite solar cells."* Highly
transparent and conductive films of single-walled CNT (SWCNT) and graphene can be the
practical replacement’ of ITO for the flexible and/or foldable* transparent electrode of
inverted perovskite solar cells. Doping of SWCNT is essential for high performance solar
cells through increased in-plane film conductivity and energy level adjustment. Since
p-doping is easier than n-doping in general, it is more practical to use SWCNT electrode in
the hole-transport side. Hence, we have developed the normal type perovskite solar cells
composed of ITO/ETL/MAPbI;/HTL+SWCNT. The use of SWCNT as the top electrode
instead of metal enhances the stability of PSCs by removing the metal-ion migration, and
considerably reduces the fabrication cost, and is suitable for the development of tandem
system. Recently, we have improved the performance with higher concentration of
hole-transporting material’. For MAPbI; system, we have obtained the highest PCE of
18.8 % compared with the control device with gold electrode with PCE of 18.1%. Because
of transparency of SWCNT film is higher than that of ITO in the NIR region, SWCNT
electrode based Perovskite—silicon tandem solar cells can have better performance than
ITO-based one®. In addition to our demonstration of 24.4 % total PCE in our previous work®,
we are now demonstrating the higher preliminary PCE of about 27 %.

Double-walled carbon nanotubes (DWCNTs) often show advantages against SWCNTs
in solution processes’™®, because of the mechanical toughness. On the other hand, dry
deposited film of DWCNTs could lead to the cost-efficient replacement of SWCNTs’.
Finally, the ultimately inorganic stable doping of SWCNT could be possible by using the
one-dimensional van der Waals hetero-nanotubes'®. We have synthesized the coaxial
few-layer hexagonal boron nitride nanotube (BNNT) around a SWCNT; SWCNT@BNNT"'.
Then, the further coating of coaxial MoS, nanotubes results SWCNT@BNNT@MoS,NT.
The inner SWCNT and outer MoS,NT are electrically coupled through a few layer BNNT.
The preliminary PSC device using the heteronanotube film shows the advantage'?. We have
observed a strong coupling of excitons of SWCNT and MoS,NT through the thin BNNT
layer as inter-tube exciton'*'*. Hence, such hetero-nanotubes could be an interesting active
layer materials of solar cells.

Part of this work was supported by JSPS KAKENHI Grant Number JP20H00220, and
by JST, CREST Grant Number JPMJCR20BS5, Japan.
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Neutral pH electrolyzer as a potential disruptive technology for pure hydrogen generation
(Graduate School of Engineering, The University of Tokyo) Kazuhiro Takanabe

Cost reduction for green hydrogen production is urgently needed. Disruptive water
electrolyzer may be developed using near-neutral pH environment driven by renewable
electricity for clean hydrogen. This is essentially because a variety of materials can be applied
to the electrolysis system in electrode and substance, and most significantly the electrolyte is
naturally unharmful to human beings. With our strategy including “electrolyte engineering”,
we propose a neutral water electrolysis system with performance comparable to water
electrolysis systems that operate under extreme acid/base pH conditions.

Keywords : Hydrogen,; Water Splitting; Electrocatalyst; Electrolyte Engineering

7 — L KFBEGED 3 A NN AE L 72> TV D, —fRICKEMITBIEE 2137
B EOMREZ pH S CEIRS N TR Y . 2RI 2 5 5 EmAibre, K, &
IAERCEM AEEE R BREE I 2 D D MENER S D, Fox NEH LT D OIT ML e
pH BREEZFIA L7-Ho ik ) — Ak EREAKEMEE CH Y . 2t LiBE
FOKEIE AT 5 L0 HEEAMEEICR D 55, 2L, LR —x2 b
(kR % 7B 2Tl T& % 2 & BIREEAABRICEE RO TH D Z ENKE HH
Tbh D,

Fexld TMEME= =707 2E0EIKICE Y T pH fEIk O K EAREGE
DRIBREBEIT>TE, FART 2 NHlER~Y A 70X 2T 4 7 T7F U LRI
EOIEDA I =X A EBFEICRET L CE 2, RO THRIEMAAL v T 73R UE
MR BIREZHANTOTHRALIEREICEI > TRHRIAHETHY, T L E2EEN
IR T 2 & CThaB R SSREMEICHND Z EICREFRATHL Z L2 AL, &
SIZHEE A A v DY DO H G- % EEANC R L, T2 EBE ORAD 7 1 24— S —ifi
W ZRR 2 IR A2 WD TRET 2 T o 72, BBMEEIZT A VMO AT AL 2D |
GREE RV U T L CLE D KO Mt T2 2 L R T&E D720 Hk
pH FEHIK D/K B CILLAM TGt/ B - A B 2 Al CTX 2 RN H 5, A
R TIX, KEM AT MMIVLET DR EFFORM T AT L EREL, BIEETO
FFERR RN DN TR B,
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1) Gas crossover regulation by porosity-controlled glass sheet achieves pure hydrogen production by
buffered water electrolysis at neutral pH, Takahiro Naito, Tatsuya Shinagawa, Takeshi Nishimoto,
Kazuhiro Takanabe, ChemSusChem in press.

2) Delivering the Full Potential of Oxygen Evolving Electrocatalyst by Conditioning Electrolytes at
Near-Neutral pH, Takeshi Nishimoto, Tatsuya Shinagawa, Takahiro Naito, Kazuhiro Takanabe,
ChemSusChem 2021, 14, 1554.

3) Microkinetic Assessment of Electrocatalytic Oxygen Evolution Reaction over Iridium Oxide in
Unbuffered Conditions, Takashi Nishimoto, Tatsuya Shinagawa, Takahiro Naito, Kazuhiro Takanabe, J.
Catal. 2020, 391, 435.

4) Water Electrolysis in Saturated Phosphate Buffer at Neutral pH, Takahiro Naito, Tatsuya Shinagawa,
Takashi Nishimoto, Kazuhiro Takanabe, ChemSusChem 2020, 13, 5921.

5) Switching of kinetically relevant reactants for the aqueous cathodic process determined by mass-
transport coupled with protolysis, Tatsuya Shinagawa, Keisuke Obata, Kazuhiro Takanabe,
ChemCatChem 2019, 11, 5961.
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EZERBRZ YO MEER

(RTKE") Ol friZ'
Photocatalytic properties of metastable oxynitrides ('School of Science, Tokyo Institute of

Technology) OKazuhiko Maeda'

Oxynitrides have been actively studied as visible-light-responsive photocatalysts for water
splitting and CO, reduction. Most of these oxynitride photocatalysts are bulk compounds,
which are thermodynamically stable phases. On the other hand, metastable oxynitrides
including layered compounds are expected to have a new group of materials with unique
properties as photocatalysts. In this presentation, our recent work on the synthesis of metastable
layered oxynitrides and their photocatalytic activity is presented.

Two-dimensional (2D) undoped layered oxynitrides are potential candidates as high
performance photocatalysts that work under visible light. However, synthesis of 2D layered
oxynitrides is generally difficult because most of them are metastable phases. Nevertheless,
our efforts of refining the preparation of oxide precursor and nitridation conditions enabled to
synthesize a phase-pure Li,[L.aTa,OsN with a layered perovskite structure and visible light
absorption up to 500 nm". Visible-light-driven CO, reduction into formate (1 > 400 nm)
proceeded with high selectivity when LirLaTa,O¢N was modified with a binuclear Ru(Il)
complex, while well-known 3D oxynitride perovskites (e.g., CaTaO,N and LaTaON>) did not
show functionality. Unfortunately, however, Li.LaTa:O¢N is not very stable in aqueous
environment, which limits its application as a photocatalyst. Actually, it had been reported that
layered oxynitrides have inherent instability in contact with water, accompanied by loss of
nitrogen content that finally weakens visible light absorption?.

An exceptional case is KoLaTaxOgN (more specifically, KoLaTa;O¢N-1.6H,0), which is a
Ruddlesden-Popper phase two-layer perovskite analogous to Li,[.aTa,OsN and has a band gap
of 2.5 eV>*¥. This material undergoes in situ H'/K" exchange in aqueous solution while keeping
its visible light absorption capability.
The protonated, Ir-modified

@ : HY/Ir/K;LaTa,Ogl

KoLaTa,0N  (H7/IVKaLaTa,O6N) 40 {2 :pusmosmr o
exhibited photocatalytic activity for H, 5 & PUzIOTaON ° H,
evolution from aqueous Nal solution 5 307 ° ., 4 g
under visible light (Figure 1), § 20 | o , U H
outperforming  Pt/ZrO,/TaON and 2 o A -
Pt/SrTiOs:Rh, which are one of the d40] A b
best-performing oxynitride and oxide o & & 0

i o+
photocatalysts for H, evolution, o 1 15 3 25

respectively. Z-scheme overall water Reaction time / h

splitting was accomplished using the Figure 1. Time courses of H, evolution over

H'/It/KoLaTa20N - in - combination o1 /1,1 aTa,04, Pt/ZrO»/ TaON, and Py/SrTiOs:Rh.
with Cs-modified Pt/WOQOs; as an O,

) i Reaction conditions: catalyst, 50 mg; reaction
evolution photocatalyst in the presence

e solution, 5 mm aqueous Nal solution (pH 2.5, 100
of I;7/I" shuttle redox couple. mL); light source, 300 W Xe lamp (4 > 400 nm).
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Keywords : Artificial Photosynthesis, Layered Materials; Mixed Anion Compounds;

R LI, KRS COL IR ITOD 728 O AN E R bt & L C, IEFICHFZE &
NTE, LTINS DOREYIEHEEDITEE A LIT, BHZNZEMTH DL
IRDIEM T D, ED—F T, LEMOBEMIZITEIEELHT 2 5WE
BEONTRE S, et e L Cha=—2 RREZ L7263 2 E IR S D, AAFSE
T, WL EH OB IRFR A DA AL & & OIEfETEM: 2 2K U= it O T < DA%
WZDOWTHITT 5,

2 oiHEE A b oI R—T7 RO FIREBEIL, IS T CHRET 2 Mk RE 72 b fir
oM & LTHIfF STV D, L, EBIRBEDOEHIT, ZDI1T & A LR
REMTHLHTD - RICHETH 5, Fxld, BICRTIEOFRE & &0 R
IZ& D, 500 nm F TORMEOERINZ & DR~ 7 29 A | LiLaTa;0eN % HAHT
B5Z LI L7z Y, LisLaTa,06N % Ru(Il) “ KSR TIEAMT 25 2 & T, AlfGIc &
% CO, DX PE~DRITLH VIR THITT 5 2 L 258070, —J7, ek 7 #l
FRzEfby~= 1 7 A A b (CaTaO:N X° LaTaON,) (% [F] USAE THARMEREARE 2 7R & 722
572, LizLaTa,06N O e KD R G, KT TOREMEMENZ L Th D, FEER,
W DN DJEIRFEZEAL TIL, K &35 & Rk D3 KD TR OWIN 238,
BT 5 LW KENRARLEEDFRR I TN D 2,

Z ) Liz@ikmEmopst & LT, Fxld KoLaTaON OERRIZKREI LTz, Z D
Y& 1. Li,LaTa,O6N &[] U Ruddlesden-Popper D 2 @ X7 A A T, D/
R¥y v 71325eV THDH Y, ZOWEEKPIOETHE. BEOK O—ER"H
FEINT H AN E RSV THT- R BREBENE LD, Li REIZ U L& LifEkB o
JEIRFRZEALY & 1T R 0 | AEDERIITIRIEER SN D, 29 LT e b uaSH
1RIC Ir B 240 U726 O (H'/Ir/KoLaTa,06N) 1%, AIHREHREFIC XV Nal KRk
NOLEICKFZERARL LTZ (Figure 1), Z DOFFOKFAEREE X, 22 EA 7
FezEb . B b el © & % PY/ZrOoy/TaON & Pt/SrTiOs:Rh % E[Hl - 7=, & 5121,
Cs {&fifi PYWO; ZRF AR 552 LT, LT RV Ry 7 R ZLD Z A% —
DIRGK GRS AR CHEIT 35 2 L 25RO T,

1) T. Oshima, T. Ichibha, K. S. Qin, K. Muraoka, J. J. M. Vequizo, K. Hibino, R. Kuriki, S. Yamashita,
K. Hongo, T. Uchiyama, K. Fujii, D. Lu, R. Maezono, A. Yamakata, H. Kato, K. Kimoto, M.
Yashima, Y. Uchimoto, M. Kakihana, O. Ishitani, H. Kageyama, K. Maeda, Angew. Chem. Int. Ed.
2018, 57, 8154.

2) J. A. Schottenfeld, A. J. Benesi, P. W. Stephens, G. Chen, P. C. Eklund, T. E. Mallouk, J. Solid State
Chem. 2005, 178, 2313.

3) T.Oshima, T. Ichibha, K. Ogmhula, K. Hibino, H. Mogi, S. Yamashita, K. Fujii, Y. Miseki, K. Hongo,
D. Lu, R. Maezono, K. Sayama, M. Yashima, K. Kimoto, H. Kato, M. Kakihana, H. Kageyama, K.
Maeda, Angew. Chem. Int. Ed. 2020, 59, 9736.

4) H. Mogi, K. Kato, S. Yasuda, T. Kanazawa, A. Miyoshi, S. Nishioka, T. Oshima, Y. Tang, T. Yokoi,
S. Nozawa, A. Yamakata, K. Maeda, Chem. Mater. 2021, 33, 6443.
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(Frontier research department, Innovation center, Amano Enzyme Inc.) OSatoshi Koikeda

In the COP 26 UN Climate Change Conference, hosted by the UK in 2021, it is realized that
carbon neutrality was placed at the heart of macro industrial policy.

Reducing greenhouse gas emissions towards carbon neutrality is a key point for sustainable
economy. Food industry sector is by far the largest emitter of greenhouse gas. In the food
industry, fermentation and enzyme technologies are applied widely. Therefore development of
fermentation and enzyme technology is one of key factor towards carbon neutrality. There is a
history of developing fermentation and enzyme technologies for food industry in Japan.
Modification of those Japanese technologies by modern technology will contribute to establish
carbon neutrality.

Keywords : Carbon neutrality, Greenhouse gas emission, Enzyme technology; Fermentation
technology
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22— F TIASOEY AT L ITE 0D, I —R =2 — T L ~DHELY A
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Synthesis of Useful Chemicals Using Water and Power ('School of Materials and Chemical
Technology, Tokyo Institute of Technology)Olchiro Yamanaka'

Electrochemical potentials are powerful reductants and oxidants. 1.0 V potential corresponds
to 96485 J mol ' energy. We have been studied electrosynthesis of useful chemicals by using a
Solid- Polymer-Electrolyte (SPE) electrolysis cell and new catalysts '¥. A combination of
power and water function as a powerful and clean reductant and oxidant. A key technology is
new electrocatalysts to accomplish new reactions. We have found new electrocatalysts of Co-
N-C compound for active and selective electroreduction of CO, to CO with water at 25 °C and
of Ru-Ir/C compound for active and selective electroreduction of toluene to methylcyclohexane
with water at 25°C, etc.
Keywords: Power and water, SPE electrolysis, CO: electroreduction, H>O: electrosynthesis,
Toluene electrohydrogenation.

BRALTFART > v VTR ) el b ), B ia AL CnD. 1.0 V OB EL#H
75 Z L1, AG=96485 J mol™!, #J 100 kJ mol”! M58 S 72 = )L ¥ —2MbLZ UG RS
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1% 55y 1 [E R B fi#E (Solid Polymer Electrolyte)fi% F\ 7= SPE &EMZIZ#EH L, 7>
[ A A F 2 BB L AL A0 oA T 0 = 22 K 0, AL T 3RO BLE ) DAE & 5 i HEE o
RS ZEFBTE 5 .
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3 L KD B O— LB H LR OB !T
OO TH D, Fxld, =30 h, w CO
ERERBNPOID Co-N-C Efmft 2 [

M U7z, Z OB A 7 2 JriEmR FiC
WAL ChHY—FRELTIEHES®S L, &
TEE 0.1 Acm? L E, SBINE (BHRDER)

90%LA ET CO AVEMT 5. £72, Ru-l/C Koo
BRI WA L h L 0)’35’@4:7}( 4 Strong acid conditions |-

CO2 — I De-ionized
fe: water

H:20

Products

Cathode

1) _Reference

[
i | electrode

<pH=0 (Ag/AgCl)
12k AT 7 R A QRS FED ’ coumsorz) TE
OEIERNICHEITT 52 L2 /AHL T D Fig. 1. Scheme of CO, reduction by
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~5.

1) I Yamanaka, T. Murayama, Angew. Chem. Int. Ed., 2008, 10, 1900.

2) Y. Inami, H. Ogihara, S. Naganatsu, K. Asakura, I. Yamanaka, ACS Catalysis, 2019, 9, 2448.

3) H. Ogihara, T. Maezuru, Y. Ogishima, Y. Inami, S. Iguchi, I. Yamanaka, ACS Omega, 2020, 5, 19453.
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Development of gas diffusion semiconductor electrodes and photoelectrochemical water vapor
splitting to produce hydrogen

(The University of Kitakyushu, *PRESTO, JST) oFumiaki Amano':?

Photoelectrochemical water splitting aims to produce hydrogen using solar energy. To split
water vapor in the gas phase, we have developed an all-solid photoelectrochemical cell using
a solid electrolyte membrane. We prepared gas diffusion semiconductor electrodes using
titanium fiber felt and fabricated a triple-phase boundary by coating the semiconductor surface
with a proton-conducting ionomer thin film. Hydrogen was successfully produced from gas-
fed water vapor.

Keywords : Hydrogen production; Water splitting; Photoelectrochemistry; Photoelectrode

AL AR RS E, KGR = b OkFEMEZBIEL T\ 5,
RIFOKRERE G L T 572012, Fx IXERBRER (7'a b o) A6E
A L7 2EER OSBRSS 2 BR%E Uiz, F % il 2 BB A & 95 24k
BOFEREMRZ R L, 208Kk T Riiixz 7' M ARERDOT A <7~%H%T
WET D LIc LT PRER-BERE-RE Oo=MAmERR L, KA

LHRFRE L FREL T2,
(a) ||
T AE
e” e”
E(H*H,)
1.23V
/_E('HZO/Oz)
photoanode cathode photoanode cathode

Figure. Schematic illustration of (a) photoelectrochemical water splitting using an n-type
semiconductor electrode as an O»-evolving photoanode and (b) photoelectrochemical system
for water vapor splitting using a macroporous gas-diffusion photoanode, a proton exchange
membrane (PEM) as a solid polymer electrolyte, and a cathode.
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Development of Function-Integrated Systems for Small Molecule Conversion (Graduate
School of Engineering, Osaka University, JST PRESTO) OMio Kondo

Development of catalysts for small-molecule conversion reactions has drawn tremendous
attention recently as one of solution to energy and environmental problems. In particular, the
catalysts that can produce sustainable fuels and chemicals from abundant sources are highly
desirable. Herein, we report the development of novel catalytic systems for small molecule
conversions based on the concept of function integration. First, we developed a function-
integrated system for water oxidation by incorporating catalytic centers and charge transporters
into one system. The obtained system exhibited excellent catalytic activity for electrochemical
water oxidation compared with relevant non-function-integrated systems. Second, the
integration of catalytic centers and reaction field afforded efficient catalytic system for CO»
reduction in aqueous media. Third, the construction of an efficient and robust catalytic system
for light-driven hydrogen evolution was achieved by integrating catalytic centers and
photosensitizing moieties. The details of the catalytic systems, their catalytic performance, and
reaction mechanism will be given in the presentation.

Keywords : Function-Integration; Metal Complex; Water Oxidation; CO: Reduction
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1) H.Iwami, M. Okamura, M. Kondo, S Masaoka, Angew. Chem. Int. Ed., 2021, 60, 5965.
2) H.Iwami, M. Kondo, S Masaoka, ChemElectroChem, 2022, in press. DOI: 10.1002/celc.202101363.
3) S.Li, H. Iwami, M. Kondo, S. Masaoka, submitted.
4) M. Tasaki, Y. Okabe, H. Iwami, C. Akatsuka, K. Kosugi, K. Negita, S. Kusaka, R. Matsuda, M.
Kondo, S. Masaoka, Small, 2021, 2006150.
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CO; hydrogenation to methanol catalyzed by multinuclear complexes in gas-solid phase
reaction (AIST) Yuichiro Himeda

Methanol is in high demand as a fuel and bulk chemical. We report a novel approach for CO,
hydrogenation to methanol in the gas-solid phase using multinuclear iridium complexes under
mild conditions. The homogeneous CO, hydrogenation by piconlinamide based catalysts in
water provided only a negligible amount of methanol. On the other hand, the reaction by
dinuclear catalyst under gas-solid phase conditions led to the effective production of methanol
without contamination with CO and CHy. The catalytic activities of the dinuclear catalyst were
dependent on the relative configuration of each active species. A final turnover number of 113
was obtained by reusing the catalyst at 60 °C and 4 MPa of H,/CO; (3:1).

Keywords : Methanol; CO: hydrogenation; Dinuclear complex; Gas-solid phase reaction
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1.  Onishi, N.; Himeda, Y., Chem Catalysis [ )/smp (il

2022, j.checat.2021.11.010. c~°
2.  Onishi, N.; Laurenczy, G.; Beller, M, Step ) Hf) k H—[Ir]

Himeda, Y., Coord. Chem. Rev. 2018, 373, (©

317-332.

3. Sordakis, K.; Tsurusaki, A.; Iguchi, M.; X 3. HEE SR
Kawanami, H.; Himeda, Y.; Laurenczy, G.,
Chem. Eur. J. 2016, 22, 15605-15608.
4. Kanega, R.; Onishi, N.; Tanaka, S.;
Kishimoto, H.; Himeda, Y., J. Am. Chem.
Soc. 2021, 143, 1570-1576.
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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).

© The Chemical Society of Japan -B301-1am-03 -



B301-1Tam-04 AX{b2a B10255E2 (2022)

REMRICHE T2 RERE v/ 2 DR
(ARrIay) fkfE—

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

=R =a— N7 NVOEBUCHRT 2R EREEBERMO—> L LT, REEKY F ¥
A TWRFEM (SSB) MEH S TW5, i Tk VLo Bl SSB ##5# L /- X H B #
MF o NR=T = DT CETL EEE 7 Iy 7 a7 oot A5 41E
M L7-FER SSB bR &N 572 L, ERMOR Y A IEL TWbH, SSB O
72 DR R, I TAEEE 7o 2 BRIEME ORmA BIL & EA A ARG R ERE
OB L L b, RETOA A P BEHRILOKRE & 2 ORENBLETH S,
AEEEROR T RAX —FELICDT CTERELR Li 2B AmOR AN ESN
TW5, —F, EFREMRE LT L &RONHEME BEREE TITH). 5V
HVAFRIE 2 2 HEC§ & BEREME NG T D L WO RERN S 5, Z OB ERIZIE
{BZEH - BRA - BBV ELIN 20 © OB B 505, LLZ OAITIE Li Hrifiiafigiofk
) FUH CTOZERIE & F D% OEREFDNEE N T—IZhoTnHEEZEZIHND,
ZDZEREE EREMT D AL LT, HELIZLLZ ECTEZ 5 Li&EONH - 5fiE
OGP0 miR (~100°C) TORMESIERHN THH Z 2 RH LTV,
25 °C T O Li AT HVEMESG D22 EALITITRIRGRE DN 03 [EUAEME O LR mfE %
R0 L CAEDILE B ARk LARE SOk 2 BT I M4 b B 5,

(a) (b)
1) Voids formation during Li stripping reaction i
- — m
%) iripping, reaction and then local strping
current densities ( after cycles at 25 'C
- next

3) Switching from Li stripping (discharge) c<vcle
to Li plating (charge) reactions

| after cycles at 100 'C

4) Local current density for Li plating
reaction increase due to the decreased
contact area at the process of 2)

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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BTV — BRI C, BIOFEBEEOR Eb BRSNS, FORE, Bk
ERE DB & FH Tl 2 2 RE A, ZERIEN B RO E LN 5 2 &
ITEETH D, Wk, BEREMEOBMNBIILZIE CV 2 AW IZERAL R 225l %
TICRBES b TE T, — ., HERRIC XL 282 EME OB B, R
OTHEINDEEL Y EBAENDR D HWATEEMEN R STV 5, Z OB L E
PRIT SRR D AR EFE L TR S DIVTW DN, AR O AR & 1XBIIZ,
HEZER7R Li MR L ERERE ORI EZB U TELDL E WL H D,
FERITI, BEREME O TR T LiREZGA T 5 2 &3 EELS <° ERD 5%
EHWTHERINTWD, £70, BEEC EIXE R Y | EREME SR S LD E
WNFETHZ ELMESINTE Y, AV 2 BEIREME OFEEE & BALIS U TR O
FIIEB ET D B2 bN5,

WAL R EREMRE L E A A AREREH 25 & & BICIEEIC EN, TS
% Z L CEMERREZ: SSB MR TX 5, Z DfiitAb¥% SSB X H#iH SSB D& —1itfX;
IALE ST LT DD, ZDORDEMO—2IZR{b¥% SSB NI LT\ 5,
FRALW) R EREIRE DA A AZERIIFACY R TEIR TR, F72, —f%iC
FHVAENCH D7 bR D X HITNET DDA TEET 2 EM AL T H 2 L
DEEL W, 8- T, BHMORBKIZ S ET 5 RS 7 2 AOMF b HERRET
b, BIZZOWROMARITIL, 2EET b1 4 ZREMR & ORI E OB
FHMFRFIN TV D, Fretlh REEBEEA R Tk, 29 Lz “GEtmoE R
X ZDHRMEA A HA T T AOIMEFERE T T A ED T B, EIK T
BONIEEEOWL O0vE Y H OHE TR T 5,

e

AIEFEO—HONZIT 19H05813. 19H05814. 19HO05815, 20H05288 Hrepilirdisk i
gt [EEERREAF ), IST ALCA—SPRING DB A% T CTIr7a vk LTz, BIfR
BALIZBILE L BT 9,
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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

HERIEBZAINHE OB S | IR — R =2 — b T AT TZIEE N T
TW%, EV, ESS L WomBET NA ADOELITEERRA > FTHY | kIHEE
mwﬁﬁkLfilwﬁmﬂﬁ%ﬁéMTwéﬁ%bﬁilm%m@@ﬂéMTm

. bR OEFEREMIL, A A ARER JIEEEO A Y > B EREITKR S

Emﬁmﬁkbfﬁﬁéh —EIEER B ZE 2 TV D,

FrixzonETcrarvesd o M CYEEREREICER L THREEZIT> TET,
Tava A NG CEREREIL, @A 4 AR BRI R ENE ., Ek
k72 &% < OENT-MREEZ A L, IR EEREmO TEEMRE L L TER SN T
W5, REREMEITHBIEOEKREMRE TH O, o ik, HiE, MR R
WALIZ &0 FEHFTREZe L~V C itk RE 70 B AR EEMRE % B S L 7=,

AFHEHTIIT VY r 2 A4 MG EIREREIZOWTHIT 5 & i, FZERITE
Al U 7c R EREHLO T — & ) b R E AR ER O R & FTREMEIZ DWW TR 5,

A S?/CIYA H4a)

S2/CrY- ~(4o)

vdV;x

Li'/Z2 A +(48h)
PS,3 BEE

M 1. 7vvn A ARG S X 2. 2B R R
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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

EWT RV B L B2 R ORMEREET N AL LTHEE S 2E R
BULZN, Z ORI L F 2 L0 A~ T R EFREII S S FET D, AEHOR]
PCIX, FOE L 72 5 EIREMRE OMEGER E~OR A% BT OMFFERR R & FEIT
BT 5 By B REEEIKILT A EER T O A A AmE T, < E R
BECHR OB LV ZDEERELSEZD 2, £, FlziE B Bkt
LHEE LT “Foni” Bt EEREMRER S WA T BE 2 RFT 5 X012, &
BB O F 2B ORIR BT, T O B 2L b EET O A A Uikl K& <
WL 252 EBHLNIR > TETWD, BFETIE, Rx IR REEE S ER
D EEARAE BT 7 H 0 AR ESE2 S TDH, EAIcE> REEED ERICEY,
BARE O R TOHENEMMERE~LIT T BN T 5 . SR EEREMRZEIK
DONDLFESCRY B 2 XX [ERE, T L CEOREZ®ERT D

(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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Innovations Brought about by Heat Exchange Technologies (Not Only Energy Conservation)
('Research Institute for Energy Conservation, National Institute of Advanced Industrial Science
and Technology (AIST)) OShimpei Saito,! Soumei Baba,' Naoki Takada,' Satoshi Someya!

In October 2020, the Japanese government declared a roadmap to carbon neutrality by 2050
raising the greenhouse gas (GHQG) reduction target for 2030 to 46%. GHG reduction through
energy conservation is inevitable in the fields of, e.g., chemical processes and electronic
devices. Innovative heat exchange technology has the potential; there are high expectations for
the phase-change heat transfer due to its outstanding performances. In this talk, we will first
explain the issues that could be solved by such technologies. In addition, we will introduce
several fundamental but key technologies, including temperature measurement of heat-transfer
surfaces using phosphor particles”, droplet condensation and jumping on nano-fabricated solid
surfaces?, and meso-scale simulations of droplet motion on solid surfaces with heterogeneous
wettability and textured structures® and boiling on a high-temperature body?.

Keywords: Heat Transfer, Phase Change, Energy Conservation

2020 4= 10 A, HABUHIX 12050 Fich—Rr =a— 7L &2 HfET) LnHrey
avEHESL, £0O 10 HF£%I2HT-5 2030 4FEDOR=ENR AT A (GHG) HIJK A IE %,
2013 FEFELE T (26%005) 46%125| % B 7=, 16k L0 KRED CO, T 5%
AR, EV 7 MEIZ XD KERPEHIERN TR INDE T 3 2558 T,
B EIZ KD GHG HEIEEET Tl ZHEERT D AREMEEZ A7 5 DM
B TBGZHET ) CTh Y, [URSTRIEDFZEITHE 5 RE O BRI —HZE v
B\— Tk D IR R E W, AEETIE, £, Bl X o B b E VW
IRBTHMRIEN 7 LA 7 LD ERIEICOWT, B 0B R E e LTHRR5,
7o, MO REENHIEHOBLR BAFERC O 7o oD O BAEAYZE R B ffr & LT, ks
+F D& AR OIRFEFHR],  HOHIN T E A B OFRIREREOW T REE 2, 57
TRV M Y 2 3 o [E (AR TR O VR I B D0 s iRAARJE © ol YIcBi+ 2 A Y 2
= VEAETRIEIRNT & W o Te, FH O OFTE 7 NV—7 TORRA % F.OISHEN T 5,

1) A comprehensive review of particle-based temperature (and velocity) measurement methods,
including ones using phosphor particles, was presented. S. Someya Meas. Sci. Technol. 2021, 32,042001.
2) Solid surfaces were nano-processed to control wettability, resulting in dropwise condensation and
jumping droplets. S. Baba, K. Sawada, K. Tanaka, A. Okamoto, Langmuir, 2020, 36, 10033.

3) Droplet behavior on solid surface with heterogeneous wettability and textured structure was simulated
with the phase-field model-based method. N. Takada, J. Matsumoto, S. Matsumoto, K. Kurihara, J.
Comput. Sci. 2016, 17, 315.

4) Direct numerical simulations of boiling heat-transfer on a cylindrical body was performed using the
lattice Boltzmann method. S. Saito, A. De Rosis, L.L. Fei, K.H. Luo, K. Ebihara, A. Kaneko, Y. Abe,
Phys. Fluids 2021, 33, 023307.
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Development and Application of Microencapsulated Phase Change Material for Utilization of
Unused Thermal Energy  (*Hokkaido University) OTakahiro Nomura,*

Expectations for thermal energy storage technology are “re”rising toward the mass installing
variable renewable energy and the further progress of energy-saving technology. Latent heat
storage, which utilizes the solid-liquid phase change latent heat of a phase change material
(PCM), is attracting attention due to its high heat storage density and a constant phase change
temperature. Our research group is studying core-shell type microencalsulated PCM (MEPCM)
which is composed of metallic PCM with middle-high temperature melting point as the core
and Al,Os as the shell. MEPCM using Al based alloy as a raw material has better thermal energy
storage performance than that of molten salt PCM which is typical PCM for middle-high
temperature applications, and over 3000 cycles durability Y. In addition, MEPCM can be
expected to have the similar versatility as solid sensible heat storage materials widely used in
industry. In this presentation, the development status of medium-high temperature MEPCMs
and its application development.

Keywords - Thermal Energy Storage; Latent Heat; Industrial Waste Heat; Renewable Energy;
Microcapsule

EEWEFAEFRET XL X —OREEARLE 2 58 = /L X —HIF ORI T T,
BN ~DOWIFRF NS D T E > T %, FHZEE (Phase Change Material : PCM)
D EVRFAZ LB EVA R T 2 EEE BN L, S WEEE L &L — IR TOEEE,
BRI AN FTRE 22 s CHEH STV D, 3 B I1E, ikt CER T 548 % PCM
Zay, FIZ AL vzt dh5ar7-va VRoOME~A 7 ah T
(MicroEncapsulated PCM: PCM) DBAFE 2 fiat L C& 72, Al Rz iUk & L CTIERY
L7 MEPCM (%, il PCM & L THABIRG 0@l R PCM L 0 SN 7o EWE
REZFFH. 7> 3000 cycle LA EDIMHAMEAHER SN TS Y, £72, MEPCM i3t F
X v 7 AR RRRICEL Y P 2 B T2 PEZEIZIB W TIA L LT % FEARBHEAE 2V
[FIARDILAMER B CTE 5, AKX TIE, PEiEREROBFIHZ 2 —7 v & L
MEPCM DBIFIRIL & Z DGRBS\ THET 5,

1) N. Sheng, C. Zhu, G. Saito, T. Hiraki, M. Haga, Y. Hasegawa, H. Sakai, T. Akiyama, T. Nomura.
J. Mater. Chem. A, 2018, 6, 18143-18153.
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Energy conversion devices using 1D and 2D nanomaterials (Graduate School of Engineering,
The University of Tokyo) OShigeo Maruyama

One-dimensional nanomaterials, such as single-walled carbon nanotubes', and two-
dimensional nanomaterials, such as graphene and transition-metal dichalcogenides, are being
used in innovative energy conversion devices, such as next-generation solar cells®* and
thermoelectric conversion devices’. We will discuss the potential of low-dimensional
nanomaterials for next-generation energy conversion devices.

Keywords : Carbon Nanotubes; 2D Materials; Solar Cells; Thermoelectric Materials

WA —R T ) Fa—T o EO1RTT /MR 7 = - BRERL AN
VAR F A RIpED 2T/ MBS O KB 2 RGBT A 2 3 e L
DT RNVF =T S A 2B THAINRIEN Z SND L)1 >TETWD. K
WIEDT 7 LR B TIEOUAAR T L F— L7 S 2O FTREMEC S\ C i
5. 1990 ERM LA MAICINT T, 7T =L, A=A F /) Fa—TLrI77=
MWHFOT /M LTRAMCHIES hTE T (Fig ). nTRIL, 7712 T 0
WIE, A—ART /) Fa—7T 1R, 777=0TE2WRILERD. 61T, 21K
TTBEIZHOWTUE, 777 = AW TER Y ROBN)CEBEIE Y A V=T
e F(TMD)@T COFABYE OVERPEA TETWAD. 216 DIERTHEHI A 72
EOME, ERE, BVEREIRISREICE R LT, B KR 2 OB EE
BT N 23 DRENEATND.

Single-Walled
Carbon Nanotubes _a“%

Fullerene
Metallofullerene (G

Double-Walled
Carbon

Multi-Walled
Carbon Nanotubes

Fig. 1: Structure of nano-carbon materials
1) Y. Li, S. Maruyama (ed.), Single-Walled Carbon Nanotubes: Preparation, Property and
Application, Topics in Current Chemistry Collections, Springer 2019.
2) L. Jeon, R. Xiang, A. Shawky, Y. Matsuo, S. Maruyama, Adv. Energy Mater. 2019, 9, 1801312.
3) J. L. Blackburn, A. J. Ferguson, C. Cho, J. C. Grunlan, Adv. Mater. 2018, 30, 1704386.
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Seebeck effect 201st anniversary-thermoelectric conversion, past and future-
(KELK Ltd.) OKatsushi Fukuda

2022 is the 201st anniversary of the discovery of the Seebeck effect, a phenomenon in which
the temperature difference of an object is directly converted into voltage, and the name of the
Seebeck effect comes from Thomas Seebeck, the discoverer of this phenomenon. However,
Seebeck himself argued for the rest of his life that this phenomenon was directly generated by
applying a temperature difference between two substances in a closed circuit. Recently, before
the discovery of Seebeck, a letter was found suggesting that Volta, famous for Voltaic batteries,
discovered the Seebeck effect, and Seebeck was not the first discoverer of this phenomenon,
nor was he able to understand it correctly. become. However, Seebeck's experiment was a very
detailed experiment, and it is his credit to spread this phenomenon to the world.

In this lecture, I would like to look back on the "past" of thermoelectric conversion including
the Seebeck effect and the Perche effect 200 years after the discovery and look at the "future".
Keywords : Seebeck effect, thermoelectric generation, thermoelectric cooling

2022 FIIMEOREADEEICEELEBRINIBARTHL -y 7 2R
A 201 AETHY, BE—Xy 79 ROLDOHRKRIZIZOHAGOHAFZT TH D
Thomas Seebeck IZH KT 25, L2 L7228 5 Seebeck HH T Z DTG E — >0
ORI T oOWEICIREREZZ 5 256 2 I8 BEEOICHES N AE
THEKAETEL W, O TIEE—_y 7 O ALIFTHZHA VX OEMT
H4 7 Volta WE—_y 7RO EZTRIBTHFHRLAODN->TEBY,
Seebeck IZZ DHLDEPOFERETH L, FLELLEHME TE ol
N Z elzlesd, Lol Seebeck DEBRIZIKREMIE InFCZ
DEG WO T=DIE, FHOETHA I,

ARFEFETIX, AL 200 FOB—XRy VPR BLOSNANTF =2 RE2ED
TEEEROZNET” ZIROVKD ) ZaAnD” IZOWTEZELRZWY,

1) Seebeck T. J.: Abhandlungen der Deutschen Akademie der Wissenschaften zu Berlin, 265 (1822).

2) Alessandro Volta: Annali di Chimica e Storia Naturale , 5 132 (1794)
3) fmHE s AABEREE 18, 1,12 (2021)
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Current Status and Future Prospect of Organic Thermoelectric Materials (Global Zero-
emission Research Center-AIST)  OTakao Ishida

Keywords : Thermoelectric Conversion; Conducting Polymer; Unused Heat

IXCOHIT

BEME SN —R T ) Fa—7 (CNT) BSHHLREEMEE LTHER 2O
T2H 1 OFIZ EDORFH NI LTz, MO EVEL R & I U TRFE e EooR LK
THORER DR KRBT m A TRLIET THEFIBRETAREL D & 2AIC
AR B ORI R 8 %o AR OFER TR EEME &S+ 2 P0IC LIZAREGE
MELDOBIRIZOWTERZ L72wy,

2. BABAEME MR LS

IEHBIOPEREE, I 1K %72 ) OMEE N TH B YL —y 7 (FH(S). H
FIOMER(0). PMEHHW EMA A DEROKX TR END,

PF=S'c (1)
ZT=S’cT/k (2)

DT —7 57242 —PF) LI REELIK H72 OREZTHY ., QI3
WottERefEs (ZT) EMES, ZT b LIZZ DB REL 2 513 EAVELRBERRITR = <
72 %, 2007 AR FUE 5 AV EE MR 4y 1 polyphenylene vinylene T ZT~0.1 % #45
L7z O35 E MG TS EIRITF TOBEME & L TE X 5 rTREME A 7R L7z d)
DT —HEWZ KD, ZNLRE, R4 BB TEEICEL S OEE RS AL T
7, AEES TOFTHHEAEWEEEENHRE STV D DL poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT/PSS) 7 & ™ PEDOT %
MECH D, 2011 FFIZA T = —F )6 PEDOT: (b by 2Lk ViRl tos &M%
)T, 324 pW/m-K2 &\ 9 @\ PF 3t Shv7z[2], 2345 613 PEDOT/PSS 23
WM 2RO 2 EAZER L, IR +3 7e Kk oy 2 ks L 7235612 PEDOT/PSS @
HEMEEZER) LBy 7R ENREL 2D Z L EMR LZ[8], 90% L Lo
TR EBREE Tl B — Xy 7250 ek 65 wV/K, PF~355 pW/m K2 &5 gL L
TITAEERMELE LTI WEVEMERE S oo 7,

PEDOT A#MEHZBI L Tid & HITHBHAERED A B L, 2021 HITIEHF A 22— MT X
S THRLN-EERL - BEEMED PEDOT/PSS T 7000 S/em O EE BRI L - T
PF~800 pW/m-K2 Z# 2 5 L~V E TH T 5[4], S HITHEBMENE W poly(2,5-
bis(3-alkylthiophen-2yl)thieno[3,2-blthiophene (PBTTT) ;&2 ClI & A =— Rk &
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U x V7 R—E U 7iIcko T, BEEESFHEME L TITERENZL 2000
uW/m-K2 Z## 2 5 PF 2885 Shi-[5],

S EEMRNTICLIAEBEY = — /N 1ERL

ARERMBHZ L HBVETE Y 2 — L OERL - Sl b A TE 72, 10 RN~ THERE
L0 LRS- TETEY, KEEEEHRICTELFE LV LOO, Byt —=
IoT & —HERICIT 2720 2D AEEMENS RIS 225 5, Bl ZAIXFERMF T/
BT 4 UIFE Y 2 — )L T 50K DIREZET 24 pWem® (0.24 W/md) DB 2R L
7216], BIEZOMRIZSHICM ELTEY, MG S rRER LLZEL, ToT &
U —HERE L TCORREMEIZRE T2 [7], L LB CIXAHARMEIOE Y 2 —/L
DIREREN 2B 2 ThDH EBEEET Y 2 — WIZTE 23500 kE Ry, flz e
A AT VIV B E Al o T RS EVEEE 2 2 — LT 100°C UL T DEVA iV, iR 7
91C L WD LM THRE SV HEI1TIE 820 Wm2 DFEREINE LN TWAI[8], Hi
RENEE Y 2 — VOMERDS I RICH AR TROWEIER & LT, MEHERE T2 <. AR
FHEEL AR & O R HT S RS B O Z U R TCIEFICE W E N EZ BN D,
Lo THBMRAELER OB T HETY 2—/Wb% B Lz ECoBEmME O
PR EEPLE T D8 T Z E XML ETHA I,

BE 0

1. Y. Hiroshige, M.Ookawa and N. Toshima Synth. Met.157 467(2007).

2. O. Bubnova et al., Nat. Mater. 10 (2011) 429.

3. Q. Wei, et al.,Appl.Phys.Exp 7. 031601 (2014)

4. A. C. Hinckley et al., Adv. Electron. Mat. 7 2001190(2021).

5. V. Vijayakumar et al., Adv. Energy. Mat. 9 1900266 (2019).
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Expectation and challenges for thermoelectric generation
(AISIN CORPORATION) OHiroyasu Kojima

Thermoelectric generation is a physical phenomenon (Zebeck effect) discovered 200 years
ago, and has been developed with repeated ups and downs in history. In the old days, it was
used as a power source for munitions communication equipment (1940s). For the space industry,
it was installed in Pioneer 10,11 (1972) and Voyager (1977) and continues to communicate
even now. Since then, no new needs have been proposed, but in recent years, with the spread
of Al and IoT, thermoelectric generation has been attracting attention as an energy harvesting
method for sensor power sources, and as a means of effectively utilizing waste heat for carbon
neutral, which is an international trend. It is regaining attention as a means of effectively
utilizing waste heat. However, there are many problems in practical application such as low
power generation efficiency, toxicity and rarity of materials, and it cannot be said that a large
market has been formed.

In the presentation, we will introduce the expectation and challenges for thermoelectric
generation
Keywords : Thermoelectric generator
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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.

S/
R >Thek>nodynqm|cs
5 _l_ﬂ/ \\ 7/;/‘/\'*{/ Degradability odIntrinsic healing
ynamlc's ’W/\” M
‘TetraGel Ve Material-Life Life
N Interaction 297
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\ //>Ma?:rjo\Properhes DDS MultiOmics

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.
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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.
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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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Dynamic femtoliter reactor technology for on-chip bioanalysis and artificial cell

reconstitution
(‘Applied Chemistry, Graduate School of Engineering, University of Tokyo) Hiroyuki Noji'

We have developed various single-molecule digital bioanalytical methods based on
femtolitre-sized reactor array technology. Currently, we are working on the
development of multi-conditional digital bioanalysis methods to elucidate the
"individuality" of biomolecules and virus particles, and the development of dynamic
reactor that is able to autonomously enrich or eject substances. In this presentation, I
introduce the progress of this research and discuss the perspectives of this technology.
Keywords : Dynamic femtoreactor technology, Digital bioassay, Artificial cell reactor

BrlZ . KE7 2L Yy MVHEOWIKY 77 Z R ATET VA Hik 2 H
WT, BRAx R OBEKE AL I o FRESEmEEE L e, flxiX, 1
FTBERT v A BN 1 1 RE O PR BUR RGBT (7 # L ELISA)
2o 1 FEER LA 1R FRIEOA TN A LAY 14
FE~NT T Ly I AT a7 7 A4V THIK ERbITFons, 72, 1
FTBERIEHEOEEFHNG ., 51T —F —ORISHFERE - 4515 MEE 2%
DI T REREIERT 7 - oy 8 & AL RE O FEBE 72 & ARG D oy 1R A -
LA DB LT L T & 7=,

L, AEMZSSICRBSEL-0OICIE., 720 M) 77 ZEFORAE
BB NN ETCHD, CNETCO T b N T2 2T, REHRKT O X2 —F
v Ny F R EZORBEICIE L TCZEMNICHET 2T THDL, TDED,
il 2 1X7 ¥ # )L ELISA IZEB W TIET A A8 ARTCEBHESRCIEM 7' 1 & X
NUETHY, ERKORIGT e AEZ B LIV AT LADO~A 7 8 fLIiZIiZE -
TR, £, 1 D FEEMTICB T, —EEALZEKEMEREZEZ 5
ENTERVWED, FEORISEFHEOAHATOEFRIZE EESTEBY , 254
AN KX A FEMAEAT I AR FTRE T H - 72,

ZITCT. FHAF 72 NI T 7 XFEWROEFOTZDIZ) T 7 XD T IV
WA - V7 7 2T IR/ e e e &, BIMEE A A TS5 7 2 A b
V7 7 2oL ZBRE LTS, 2 E TIZ, 20 [BILL % E 2 A A #
EARE L T AHM AT LA > 7P AL AR O IEA M B4 5
MEME ] oEEFH STl Lz, £/, B 72 A KS F o e 5 o e S
Wbl Lo2oH 5,

IHI. HAIFZZOEFN T =L N T 7 XD DD KX IR EH ST
BHARK - HREBEICNAACKE - oHELZAHT L TAFRMZR ALY 7
JH] ThHEZEZXZTNWD, ZNET, BB TRE Y AT A2 MK L
VT 7 AN ERANTEEREOBFEA T ) —= THEHTOME T, B—%
UARY —LAFIZBIT28 BB " 28I L TS, 20X 9 7% N TH
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fafifhiZz ., EROBH 7 =L N T 7 ZEHEMEHREMICEST I LN TE
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[1] Rondelez, Y., Tresset, G., Tabata, K. V., Arata, H., Fujita, H., Takeuchi, S., and Noji, H. (2005) Microfabricated
arrays of femtoliter chambers allow single molecule enzymology, NVat Biotechnol 23, 361-365.

[2] Kim, S. H., Iwai, S., Araki, S., Sakakihara, S., lino, R., and Noji, H. (2012) Large-scale femtoliter droplet array
for digital counting of single biomolecules, Lab Chip 12, 4986-4991.

[3] Watanabe, R., Soga, N., Fujita, D., Tabata, K. V., Yamauchi, L., Hyeon Kim, S., Asanuma, D., Kamiya, M.,
Urano, Y., Suga, H., and Noji, H. (2014) Arrayed lipid bilayer chambers allow single-molecule analysis
of membrane transporter activity, Nat Commun 5, 4519.

[4] Tabata, K. V., Minagawa, Y., Kawaguchi, Y., Ono, M., Moriizumi, Y., Yamayoshi, S., Fujioka, Y., Ohba, Y.,
Kawaoka, Y., and Noji, H. (2019) Antibody-free digital influenza virus counting based on neuraminidase
activity, Sci Rep 9, 1067.

[5] Sakamoto, S., Komatsu, T., Watanabe, R., Zhang, Y., Inoue, T., Kawaguchi, M., Nakagawa, H., Ueno, T.,
Okusaka, T., Honda, K., Noji, H., and Urano, Y. (2020) Multiplexed single-molecule enzyme activity
analysis for counting disease-related proteins in biological samples, Sci Ady 6, caay0888.

[6] Rondelez, Y., Tresset, G., Nakashima, T., Kato-Yamada, Y., Fujita, H., Takeuchi, S., and Noji, H. (2005) Highly
coupled ATP synthesis by F1-ATPase single molecules, Nature 433, 773-777.

[7] Ueno, H., Kato, M., Minagawa, Y., Hirose, Y., and Noji, H. (2021) Elucidation and control of low and high active
populations of alkaline phosphatase molecules for quantitative digital bioassay, Protein Sci 30, 1628-1639.

[8] Honda, S., Minagawa, Y., Noji, H., and Tabata, K. V. (2021) Multidimensional Digital Bioassay Platform Based
on an Air-Sealed Femtoliter Reactor Array Device, Anal Chem 93, 5494-5502.

[9] Zhang, Y., Minagawa, Y., Kizoe, H., Miyazaki, K., lino, R., Ueno, H., Tabata, K. V., Shimane, Y., and Noji, H.
(2019) Accurate high-throughput screening based on digital protein synthesis in a massively parallel
femtoliter droplet array, Sci Adv 5, eaav8185.

[10] Soga, N., Ota, A., Nakajima, K., Watanabe, R., Ueno, H., and Noji, H. (2020) Monodisperse Liposomes with
Femtoliter Volume Enable Quantitative Digital Bioassays of Membrane Transporters and Cell-Free Gene
Expression, ACS Nano 14, 11700-11711.
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[REBETIL] ICKDEANBEERTOFEIOFTDAMILAREEDR
HAtR A0

(ST 7 2 VH—F1) ON+RE !
Early detection of COVID-19 infected persons at individual facilities using the "Kyoto model"
({Shimadzu Techno-Research, Inc.) OMakoto Yasojima,'

It has been reported that SARS-CoV-2 is excreted in stool before the onset of COVID-19.
Therefore, by investigating sewage including toilet-flushing-water, it is possible to detect
COVID-19 infected persons before positive confirmation. We have developed a system "The
Kyoto model" that prevents the formation of clusters by conducting clinical tests when a
positive reaction is obtained from sewage in an individual facility. In this lecture, I would like
to introduce the features of "The Kyoto model".

Keywords : SARS-CoV-2, COVID-19, Wastewater Based Epidemiology, The Kyoto model

SARS-CoV-2 X COVID-19 ®FJE H L 0 APt S 2 FHR/ME I TE T
WD, 6o T, Rl s CR b, KRR & OEBIMERIZIHB VT M LHEKE
Gie FAKZRHET D & BIEMEERTIC COVID-19 O&YE 2 B+ 5 FHN Al REIC
72 %, MEBIERR COREIZIB DT, Wit d M1 LHEKTO#[ELE ED X5
R T 20D E 72 D03, A ITMB DRy 77T —%BAFR L, A%
TOFRBIISHH KD FEE2FGEEL CTE 7, S HICEBIMERICIB VT IREZRE L., B
SR GF O NG EILERREZIT O F T, 7 TAX—OREZIET DV AT A
[RHEET V) DEBISE Uiz, (EBIMEE OFRE Tk, Htsk BN oG KT % B E LEEK
T HHEICRDPD, FFHTRE A= AR OWNEITERO~ R — L T S DR
PRI D, £70, MRIZKIBGEFE LR O5E . £ OHEKIZHE L7z SARS-CoV-2 %
i SEDFEEMERH Y | WHHIKREORB OBKEZRET AV END D, ZNLHDZ
EMD, RS EICHEET VA T ALERD Y | @O T E O RITE £ L
DOREER & kA BT D ENDN>TE TS,

FHE T UL, FERERBR IS I\ 2 2 W R ER IS BV T BEIC KRR It Sk
ENTEY, SHICHNBBRED FAKRYP—A T ATHRATT VL RO A F— A
TSGR OFHE N THIL L 9 & LTWD, KT, Hifla v oA )L ADKYE
KGNS 72 5 T L DD LI DD TR T 5,

1) fEBIfE% T D SARS-CoV-2 FEHLF O BIIFE I LTSy 7% 07T — B3 & Aahiko
RRRE. I\ R, KEFESE, BRELSA, $EARE, JHERE, A&7, WmiEE, BhEHE, £
SO SCHE G O(BREE) 2021, 77,7, I 179-T0 190.
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Development of compact high-speed real-time PCR systems for point-of-care-testing of
respiratory infections (Advanced Photonics and Biosensing Open Innovation Laboratory,
National Institute of Advanced Industrial Science and Technology) OHidenori Nagai

We have developed high-speed quantitative reverse transcription PCR (RT-qPCR) devices
based on the oscillatory-flow in a microchannel. As the target for the high-speed microfluidic
RT-qPCR, E gene, N gene, and S gene of SARS-CoV-2 was examined. Reverse transcription
and qPCR were carried out countinuously in the same microchannel as a one-step RT-qPCR.
In the optimum condition for high-speed RT-qPCR, the amplification of target genes was
obserbed from the above 5 pfu/run of SARS-CoV-2 within only 15 minutes. Thus, we expected
that the developed high-speed microfluidic RT-qPCR system would rapidly detect various
pathogenic virus at sites such as qurantine and event venues.

Keywords : Polymerase Chain Reaction, Infection Diseases, Telemedicine; Point of Care
Testing

Bl oo F A L AEYYE (COVID-19) ORI K0 | e FREMR AL
T& % Polymerase Chain Reaction (PCR) fRANN A < H HALDHERIZ 72 - 7=, PCR LXK
Ak DNA (8551 DNA) O ORERIELS 2 305% L TRk IR 575 2 FEFE D 20 iﬁl
FEREOEW1IASA Y T DNA (714 ~—) &, DNA OMEL L R HEBE ) ~—
(ANTP) #{EG L., TNHEEAT DO L L ClifEWE DNA R Y X T —Ff
FEHWT, IFEELRTFOa B —2 AT 2 HEEIZE SN TV D, KT, #E2 Bl
HL7ZDNA & 2B ZRE L7 PCRIEKZHFHOY—~ YA 27 F7—Zky FL,
TRG{DNA & —ARBUFRES LA MRE (K95°C) &, FIAM~—%&fE (T=
— U 7)) SE—AREHOFHE DNA 6 2 O 7 7 A ~— S E - il A —
AP DNA (TR D MEIRE (50~70°CEEE) DM E#k K LIREZEL (—<b
YA 7)) SEDHTE T, ERHEYIO DNA ZFEEMICHEET 5 2 LN ARETH
%, 512, RNA LB R (Reverse Transciription : RT) (2 & 0 HEFLEIS1 )36
Hiff)72 DNA Z A pkts . PCRIEICHET 5 Flk% RT-PCR {E & FEOY, FRIZ, WERERESR
HH O UOMIGRICIEST HZ & T.RT & PCR % [R— i+ CT4T 9 RT-PCR ¥4
% One-step RT-PCR {k L RSN, 72, MEHIBLHIO AR & RIRFIZH 2R TH e —7
Z M\ T, PCRIZ X 5 DNA HiiliE & E B A [RRFICIEMET 5 U 7 /L% A 2 PCR (qQPCR)
B EREOY, BEIZ, RT ZflA A 7= RT-gPCR #£X° One-step RT-qPCR 573 RNA % /7
JDETHELEL DA NAOBREIZIELFHEN TS
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Fxix, o000 PCRIEICHLERZEMERE EMEREO — 4 —Z2HEHE L
TEE, TNOICET AR ~KE um BEO~A 7 niiEzilE L, ToH %
PCR {RIEMEE R T 2 2 & T, M0k UAMERE & RIEE ISR AIZfii D —
VNP A T T —HFBR LU, TR, BUEROG &R RS DORE A2 2L S, PCR
BFEITARER Y —~ A 7 VML LU TN D ST IR AL O 3 3 B 1349
18°C/s TH Y, WHO—~ YA 7 F7—DRC/s IZH_R—HIZEFmETH D Z &M

REINT, £lo, A 7 nRBEHNOEEIRRIZIE, vV R 152 Ao/l ~
Ar7ua7a7EFERLE, —BRIICERIRD V) OR T EOMERCITEIZ LY
BRENS 2 5t & 72 0 | ROBEIC L VB T5Z LT, v 7 ara 7 OfF
1E & RIRFISHSC N~ A 7 2 RSN O E ) & fif it S GBRIFIAE L S5 2 LR TF
Do TDT=, JESFEFLH O SV T HERE N R B2 Nl T2 o AT WEREERTRETH 5,

TOXIICER LIZEEY TV X A A PCR HEE % U T, SARS-CoV-2 D E, N, S
DAL T ZFER) & L7z One-step RT-qPCR {EE MG L72E 2 A, 60 s O RT 25
1553 CSpfu/pl DT ANVAZRRNTE 5 Z & 28 LT, 24X, Point-of-care-testing
(POCT HBIZHHENTWA A L) Zua~ N7 T 7 4 —iE Ll LT, i &
LCR%TH %,

|| PCRIAR =
pcrFyF | EZZ
E—5—1]
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Al ChO #05AFH AOCho H

Alchz | ¥E27% [aocn
AlCh3 |A: 7#BYA% |DOCho (H REER H < /0707 |—

en=t4
%0, 7os A | DO Chl — SEER H < /0707 F——

X1 E#HYU 7L A L PCR AT LOKERK

1) Development of an on-site rapid real-time polymerase chain reaction system and the characterization
of suitable DNA polymerases for TagMan probe technology. S. Furutani, N. Naruishi, Y. Hagihara and
H. Nagai, Anal. Bioanal. Chem. 2010, 408, 5641.

2) On-site identification of meat species in processed foods by a rapid real-time polymerase chain
reaction system. S. Furutani, Y. Hagihara and H. Nagai, Meat Sci. 2017, /31, 56.
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Visualization of infection risk by human behavior analysis and development of virus control
technology

(OTakeshi Takizawa® (* LION Corporation)

To reduce consumers' anxiety against invisible viruses and bacteria, we focus on the contact
transmission that its risk is unclear, and are examining the hygiene behavior that can reduce such
risks effectively. In the risk analysis, it is technically difficult to detect the virus from the daily home
site. So, we attempted to visualize the spread of viruses in the home through the fingers, by
combining the analysis of the virus adhesion between the surface of household goods and the fingers
in experiment models and the human behavior analysis in the daily home .

First, the model skin and the test pieces coated with the test virus solution (Influenza virus) were
contacted with the target surface, the virus transferred or stayed on each surface was measured (Fig.
1a). And the adhesion distribution ratio of virus was calculated under the condition of virus (wet
and dry), and the surface of various materials (Figs. 1b, ¢). From the questionnaire survey about the
consumer’s behavior after getting home, the movement line and the contacted things before hand
washing in the home were grasped (Fig. 2a). And by inputting the adhesion distribution ratio of
virus and the effect of hand washing and sanitizing into these behavior patterns, the virus spread in
the home by contact behavior were quantified and mapped (Fig. 2b). These analyses were useful to
visualize the effects of hygiene behavior such as hand washing and sanitizing, and the study about
more effective behavior on the risk of bringing, spreading and contacting viruses in the home.

In this presentation, we will introduce the visualization of the contact transmission risks and the
effect of hygiene behaviors based on the consumers analysis, and the analyses about the
denaturation of viral structure proteins with some surfactants 2 3, as one of the virus inactivation
technologies.

Keywords: Contact transmission, Virus, Human behavior, Antivirus, Infection control

Fx L, BIZAZBRWIANAREHSOEIEE DR ZEIRT D720, 2D U R 7 Bk
I IC B B L, 20U A7 ZRMNIRI T 2 7 7 HEOHF 217> T b,
LU, 2OV RITHEEDT-DIZ, BEOFREBG NG, A VA Z BRI L2 DETE
EHONNITHZ LIE, HITICREECH 5, &2 T, BT AVERIC K A SHEME R &
FHRE O T A NV ADKZEZELOMHT & . AIEE OFFENOITENRITE ® A2 HAB e 5
Z LT, FHEEN LIZUA N ADFEENTOPLH O AL & A7z Y,

FPL T AN RIE(A TN T A VR AT LT T VS & R A iR R
HCHEfR S, BITT D UA NV AREZHE LK 1a), HHESND VA L ADIRRETRIANR
ROWI U T-TRIR) M Kl OME Z & O &R FE 2 F I L2 (X 1b,c), IRIZ, FEENT
DITENT > 77— MREZITV, IREZO TRV E TICHEfLT 5E / LENOITEIEIRE
WEES LK 2a), Z 4 HAEEMITEIE I T A L A E SRR & TRV EO R R
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Fig.1 Adhesion distribution of virus transmitted from model skin to test pieces
a) Experiment procedure, Adhesion distribution ratio of virus as b) wet and c) dry condition
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Fig.2 Estimation of the virus spread under contact behavior in the home
a) Questionnaire survey about the consumer’s behavior, b) Map of virus spread in the home
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Development of high-throughput testing method with optical condensation for prevention of
infectious diseases

(‘Graduate School of Science, Osaka Prefecture University, *Research Institute for Light-
induced Acceleration System (RILACS), Osaka Prefecture University, *Graduate School of
Engineering, Osaka Prefecture University)

OTakuya Tida,'? Shiho Tokonami,>? Tkuhiko Nakase,'*

We are promoting the research and development on a “Light-induced acceleration system
(LAC-SYS)” that enables us to accelerate the biochemical reactions by condensation of
biological samples with the synergistic effects of light-induced force and light-induced
convection under laser irradiation"®. This technology can shorten the detection process of
trace amounts of samples within several minutes, and enables highly sensitive measurements
exceeding conventional methods taking several hours.

In this talk, we will discuss the prospects for high-throughput testing method of microbes
such as bacteria and viruses using LAC-SYS and for the prevention of infectious diseases.
Keywords : Optical condensation, Light-induced acceleration system (LAC-SYS), Biochemical
reaction, Microbe

Tex T —F =R T CONFHEET) & EFHFEMROMTRICLY R
ZCTEHE L CROSIET 5 EHEEE S 27 A(LAC-SYS)) DORFZEER%E 2t L T
W5 DY Z OEA TSR] 2 L CW e ER T T e e R A2 LoV E TR
T, MEREZEET 2 RREHIZ A TRE L T 5,

ARG TIL LAC-SYS Z WM R0 7 A L A 78 & OIEMRAETE D NA AV—T
v Mb & RGYE T ~DREIZOWTERT 5,

1) T. lida, J. Phys. Chem. Lett. 2012, 3, 332.

2) T. Iida, S. Tokonami, et al., Sci. Rep. 2016, 6, 37768.

3) Y. Nishimura, T. lida, S. Tokonami, et al., J. Phys. Chem. C 2014 118, 18799.
4) M. Ueda, T. lida, S. Tokonami, et al., APL Photon. 2019, 4, 010802.

5) S. Tokonami, T. Iida, et al., Sci. Adv. 2020, 6, eaaz5757.

6) K. Hayashi, S. Tokonami, T. lida, Commun. Biol. 2021, 4, 385.

7) T. lida, S. Tokonami, I. Nakase, PCT/JP2020/032758 (2020).

8) T. Iida, S. Tokonami, et al., Submitted (2021).
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Development of acute ischemic therapeutics TMS-007 (TMS Co., Ltd.) Takuro Wakabayashi

TMS-007, identified at Tokyo University of Agriculture and Technology, belongs to SMTP
compound family produced by Stachybotrys Microspora, with thrombolytic and anti-
inflammatory activities. The compound is being developed for acute ischemic stroke
therapeutics and demonstrated excellent safety and efficacy profile in its Phase I and Phase Ila
clinical studies. TMS Co., Ltd. entered into an Option Agreement with Biogen in 2018 and then
Biogen executed its option right based on the Phase Ila clinical study outcomes. Thus, further
development of TMS-007 was succeeded by Biogen.

Keywords : TMS-007; SMTP; Stroke

B T RSB IR CRE SN TMS-007 1, AZFAR R A« 270 R
RITDPEATDILEM T 7 2 U —SMTP D—>Th VD | MR E TIIED 2 >DIE
A28 2, rEMIMEEIERFTERE L LCHBHRTH Y, & 1L ORI I
FRERRBR 2T L, BEMEROAEDIICBO TERLZEREDZE LN TS, £-,
2018 A2 K [H Biogen t1 & A7 L a UEK ARG L. 2021 4RI ATHASE T0AH g AR U5R
FIOFEHRIT IS X Biogen tE8A 7 5 VHEAITE LT, THICKY ., A% ORI
Biogen fHIZH| k3D Z & & lr oz,
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Introduction of Co-creation Innovation promoted by Axcelead Group.
(Axcelead, Inc.) oTomoyuki Fujisawa

Axcelead Group? consists of 3 subsidiaries: "Axcelead Drug Discovery Partners?", a spun-

off company from Takeda Pharmaceutical Company, providing the world's highest level one-
stop drug discovery services; "ARCALIS" which will be the first one-stop mRNA
vaccine/therapeutics CDMO in Japan; and "PassPort Technologies" a drug-device combination
product development company based on its unique next-generation transdermal drug delivery
technology. In this talk, we will introduce the Co-creation Innovation initiatives that
Axcelead is currently working on. In particular, we will dig deeper into details of follwoing
topics: the "A-Digital” project, which aims to realize the industrialization of the drug discovery
process, and the collaboration scheme with “IP Generator", where promising drug seeds,
obtained from academia and pharmaceutical companies, will be grown up until determining
compounds as clinical development candidates and be out-licensed them to pharmaceutical
companies at the non-clinical stage.

Keywords : Axcelead Drug Discovery Partners; ARCALIS; PassPort Technologies, A-Digital;
1P Generator

77 ) —FE RAES TERRSHOAER T T v F T 4 — L FHELZ ALY LT
7 M LT LR s K HE DO IERE IR AIFE Y — B X 2213 % [Axcelead Drug
Discovery Partners?|., HATME— & 705 T A kv 7% nRNA [E3E 5 CDMO FHED
JEEPH Z FHEI4 2 TARCALIS] ., A OO YR HHARHR Bz B 38 it % G- il 2 iy & 9~ 2 RllEA~
F % — [PassPort Technologies| ZZE FIZ L9, A#ETIL, BIET 7 &Y — K
TTHIF TV 5D Co—creation Innovation DEFLIZOWTHMLET, 20 TH. Al
W7 A TENOEREZRAEL Lz A-Digital 7oy =27 b 7T 7 LRERS
B A LRRAIFE S — X2 Y AL BRI L SR E £ T B4 THEME LIERR 2
TV TR A~OENE T DFHELTDH IP PR —F — L OEBREON
FIZOWVWTHRES 2 TRETTS
Promotion videos of 1) Axcelead Group and 2) Axcelead Drug Discovery Partners (“Axcelead DDP”) are available bellow.

1) Axcelead Group 38X 0'2) Axcelead Drug DiscoveryPartners D7/’ mE—3 g L ETAZLITFNS B2
£7, <Axcelead Group> <Axcelead DDP>
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Novel cell culture technologies by the utilization of Laminin-E8 fragment protein (Matrixome,
Inc.) OTakuji Yamamoto

Matrixome, Inc. was established based on the research about Laminin-E8 fragment protein
by Prof. Sekiguchi in the Institute for Protein Research in Osaka University in 2015. Matrixome,
Inc. is an academic start-up venture company invested by Osaka univ. and Nippi Inc. Our core
technology of Laminin-E8 fragment protein is 1/5 of full-length laminin protein including C-
terminal integrin binding region. Laminin-E8 fragment protein has better binding activity than
the full-length Laminin protein against integrin on the cell surface, therefore it’s not necessary
to pre-coat on the cell culture plate. We also have the information about the binding
combination between laminin isoform and integrin isoform by Matrixome research. This
information provides the researchers and industry the right cell culture substrate as best niche
for culture cell. We are trying to perform our business to develop both of the academic research
and company’s activities.

Keywords : Laminin-ES8 Fragment, Cell Culture Substrate; Extracellular Matrix; Regenerative
Medicine,; Pluripotent Stem Cell
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1) Molecular profiling of the basement membrane of pluripotent epiblast cells in post-implantation stage
mouse embryos S. Futaki, I Nakano, M Kawasaki, N Sanzen, K Sekiguchi, Regen. Ther. 2019, 12, 55.
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Curative treatment for genetic diseases utilizing a genome editing technology (C4U
Corporation) OAkimitsu Hirai

Currently, CRISPR technology is widely used as a genome editing technology following the
long experience of ZFN and TALEN technologies. Especially, Nobel prize winner CRISPR-
Cas9 is well-known and has been utilized in research and development in academia as well as
industries. In Japan, CRISPR-Cas3 technology was invented by Prof. Tomoji Mashimo of the
University of Tokyo, et al. and have been utilized in the fields of medical care, agriculture and
fishery, and industry. Due to longer guide RNA (crRNA), CRISPR-Cas3 has no off-target
editing that might cause a side effect. In addition, CRISPR-Cas3 could make a large deletion
comparing to Cas9 and it would be suitable to knock out a specific exon of a gene.

Therefore, by using CRSIPR-Cas3, it is possible to cure genetic diseases, for instance,
pediatric genetic diseases to which there is no curative treatment. To save a life of a child and/or
make QOL of such child better has a great value. I would like to explain how CRISPR-Cas3
works in the medical field and the activities of a venture company that works on a gene
treatment and/or a cell treatment to genetic diseases.

Once we could obtain proof of concept by treatment of such pediatric genetic diseases, we
will expand this technology to cure other diseases of which the number of patients is huge, such
as ophthalmic disease, myogenic disease, rheumatoid arthritis, infectious disease and so on.
Gene therapy and cell therapy together with CRISPR-Cas3 will dramatically change the health
care field of the world and certainly provide us with promising future.

Keywords : Gene editing; CRISPR-Cas3; Gene therapy; Cell therapy; Genetic diseases;

ZFN % O TALEN #1172 b O 72 DI FERR & ~— A2, BIfE, 7/ AR &
LT CRISPR #HIRNES WGBTS, FRZ, —~VE %5 H L7 CRISPR-Cas9
IFAELT, THTIT TR & LV EERTHLMELORICEDNL TS, BART
HE AL AHEZ 512K W CRISPR-Cas3 FANASRIA S, B, ¥ - a3k, fE¥
JGRED B CEDIL TN D, LD WA K RNA (crRNA) #4A 9 % 728, CRISPR-
Cas3 3% —7" v b DNA EOXE TRV ZEINT 2 W) A7 % =5y R
<. BWER DR WL W Leir b Db >T5h, £72, CRISPR-Cas3 (% Cas9 LY b
JRK #—7%" > kN DNA 2895 Z EMNAMEE T, ZHUC L W BIETORFEDT Y Vv
/)77 NTAHIEIERLTND,

Z @ CRISPR-Cas3 % WAL, T E TRIGIEEDITE L2 o TG TR R,
B Z I N OB FIRBEIRETHZENTE, M, QOL ZEHbE W) E
RCREREREZA L TWDH, AiEH TIL, CRISPR-Cas3 Hifi B EROMHIR T LD X
INTIEHEIN T ZBRB L, XU F v —RBEIC L D8 FEREBICHT 28 71E
PR ORI IR~ DY fLA E B9 D,

Zo Xz, FF. NROBMLRAEROIBEIZI T proof of concept & LT 5 2

© The Chemical Society of Japan - B303-4am-04 -



AAba H1028FE2 (2022)

B303-4am-04

ERTENIX, 2O%, ZOHINEZBEROZMUORBA~LISHEYLT 5 Z 8T
5, BlxX, IRERE, fRrERE, Y v~F, BWEETH D, £L T, Z
? X 572 CRISPR-Cas3 % HW /o B An F1RE K ORI IL, HAR D~ L2077 ofk
WMAEBPNCEHL L, LVHRED LWASkZRMET 2 2L e & FAZEITHRIFE LT

W5,

© The Chemical Society of Japan - B303-4am-04 -



The Chemical Society of Japan The 102nd CSJ Annual Meeting

Symposium | Co-Innovation Program (CIP) | International year of glass: Materials evolving with new functions toward
frontier applications

[B303-3am] International year of glass: Materials evolving with new

functions toward frontier applications
Chair, Symposium organizer: Hideshi Sasakura, Setsuhisa Tanabe, Kenji Uchiyama, Kazuyuki Hirao, Akitoshi
Hayashi
Fri. Mar 25, 2022 9:00 AM - 11:40 AM B303 (Online Meeting)

[B303-3am-01] Contribution of glass to society
©Naoki Sugimoto' (1. AGC Inc.)
9:10 AM - 10:00 AM

[B303-3am-02] Innovative Potential of Glass: Ultra-thin Glass
OHiroki Mori', Yoshinori Hasegawa1 (1. Nippon Electric Glass Co., Ltd.)
10:00 AM - 10:30 AM

[B303-3am-03] Synthesis and porperties of glassy state of metal-organic
frameworks (MOFs)
OSatoshi Horike' (1. Kyoto University)
10:40 AM - 11:10 AM

[B303-3am-04] Fluorescence of glass containing rare earth ions
°NARUHITO SAWANOBORI" (1. Sumita Optical Glass,. Inc)
11:10 AM - 11:40 AM

©The Chemical Society of Japan



B303-3am-01 AZ{b2a B1025SE2 (2022)

#HEICEMT ST R

(AGC FRAxth) ZAE RS
Contribution of Glass to Society (AGC Inc.) Naoki Sugimoto

An adjectival word ‘glass’ is frequently appeared in well-known fables, general conversation,
news or song lyrics, such as ‘glass slipper’, ‘glass heart’ and ‘glass ceiling’. If we would like
to express our emotion like ‘shining, transparent, delicate, fragile’, we tend to select the word
‘glass’.  This means ‘glass’ has become part of our human life. It is said that glass has been
made as an oldest artificial material in B.C.3000. Since then glass has been being used as
tools, tableware, accessory, art, and materials which support leading industries such as medical,
electronics, building, automobile and IT.  Although glass itself might not be conspicuous thing
around us, we would say it definitely contributes human life and global environment. The
glass continues to take a crucial role for sustainable and affluent society.

Keywords : Glass; Social Contribution;, CO2 Reduction; Sustainability; Leading Industry
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Innovative Potential of Glass: Ultra-thin Glass
(Nippon Electric Glass Co., Ltd) OHiroki Mori, Yoshinori Hasegawa

In many fields of electronics devices such as wearable device and touch sensor, needs of thin,
flexibility and light weight are increasing in late years. Resin films with some coatings have
been used for them as a substrate, but it cannot give enough performances for the devices.

We have developed ultra-thin glass G-Leaf® where the thickness is under 200um
successfully. The ultra-thin glass has excellent properties compared with resin films: surface
smoothness, gas barrier properties, thermal stability, chemical stability, and high optical
transmittance. [1] As the ultra-thin glass has a huge potential to make new applications,
developments of each process for making new devices using our glass, e.g. washing, coating,
printing and cutting, are conducting actively. Ultra-thin glass can be adopted to roll to roll
process as same as resin film.

The properties, processes, applications and prospects of ultra-thin glass are reported.
Keywords : Inorganic; Glass, Film,; Ultra thin; Flexible
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Bended ultra-thin glass Rolled ultra-thin glass (1km long)

[1]T. Murata et al., “Ultra thin glass roll for flexible AMOLED display”, FMC8-1, IDW2011.
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Glassy state of metal-organic frameworks, MOF: Structures, properties, and functions
(Kyoto University) OSatoshi Horike

Metal-organic frameworks (MOFs), which are composed of metal ions and bridging ligands,
have been explored for their functions based on their various crystal structures. Recently, it has
been found that some of them show a transition to the glass phase. The structure of MOF glass
retains the network of coordination bonds. It can be considered as an amorphous material with
high compositional freedom, high structural freedom (= mobility), softness, and transparency,
which are unique to glass.

In this presentation, I will introduce the design and synthesis of MOF glasses, their properties
including comparison with other glasses, and their proton conductivity, porosity and optical
properties.

Keywords : Metal-organic frameworks; Glass,; Phase transition; Conductivity; Porosity
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1) Metal—organic network-forming glasses, Chem. Rev. 2022, in press.

2) Mechanics, ionics, and optics of metal—organic framework and coordination polymer glasses,

Nano Lett. 2021, 21, 6382.

3) A new dimension for coordination polymers and metal-organic frameworks: towards functional
glasses and liquids, Angew. Chem. Int. Ed. 2020, 59, 6652.

4) Liquid, glass and amorphous solid states of coordination polymers and metal-organic frameworks,
Nat. Rev. Mater. 2018, 3, 431.
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Fluorescence of glass containing rare earth ions
(Sumita Optical Glass,. Inc) oONARUHITO SAWANOBORI

Glasses containing rare earth ions, which are visible fluorescent active substances, show
fluorescence in a wide range of UV excitation. Glasses containing Eu®" (trivalent europium)
for red (R), Tb*" (trivalent terbium) for green (G), and Eu** (divalent europium) for blue (B)
are known to exhibit red-green-blue fluorescence. The excitation and fluorescence properties
are different depending on the type of rare-earth ion and the ion valence. Figure 1 shows the
fluorescence spectra of the three types of rare earth ions when excited by ultraviolet light at a
wavelength of 365 nm. Trivalent rare earth ions, Tb* and Eu**, fluoresce due to electronic
transitions called f-f transitions, and have sharp peaks with small half-widths as shown in
Figure 1. The divalent rare-earth ion Eu?* does not emit fluorescence due to f-f electron
transitions, which is characteristic of rare-earth ions; Eu?" emits fluorescence due to f-d
transitions with mixed d electron orbitals, resulting in a fluorescence spectrum with a wide
emission peak width, as shown in Figure 1. The decay time of Tb*" is on the order of 10
seconds from the time the excitation is stopped, and the decay time of Eu*" is almost the same.
The decay time of Eu?’, however, is much shorter, on the order of 10 seconds. This
phenomenon also reflects the difference in the electronic transitions between trivalent and
divalent rare earth ions in the emission mechanism."

Optical glasses, which are used as materials for optical elements, contain a large amount of
rare-earth oxides, such as B,0s-Ln,Os (Ln: rare earth elements). The fluorescent glasses
containing Eu*" and Tb* are based on such optical glasses, but the glasses containing Eu**, a
divalent rare earth ion, are produced by a redox reaction during melting. However, the glasses
containing divalent rare earth ions, Eu?", use fluoride-based fluorophosphate glass as the matrix
glass, considering the effect of the matrix component on the luminous efficiency and the
promotion of divalent ion formation by controlling the redox reaction during melting. As an
example of the application of glasses using the fluorescence of rare-earth ions, the glass is used
as a key component of a sensor system for controlling the illuminance of ultraviolet light
sources. When UV light is irradiated on fluorescent glass containing rare earth ions under
certain conditions and the intensity of the UV light is changed, the fluorescence intensity (1x)
and the excitation light intensity (mW) are measured with an illuminance meter, and a linear
relationship is shown between the fluorescence intensity (Ix) and the excitation light intensity
(mW). Therefore, it is possible to convert UV light into visible light by using rare earth ions,
and then measure the light with a photodiode through an optical fiber to convert it into UV light
intensity for measurement comparison.

Keywords : Rare earth ions; Glass; Fluorescence
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1) Fluorescent Glass Containing Rare Earth Elements. N. Sawanobori, J. Soc. Inorg. Mater., Japan, 24,
363-367 (2017).
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International Year of Glass: Glass moving forward with development - New functionalities
and application prospects - (Tokyo Institute of Technology) Tetsuji Yano

Glass has been used and support the living of citizen, and activity of society from the early
period of civilization of human being. Frequent innovative developments of glass played
important roles and contributed to the evolution of human society, science and technology.
Characteristics of glass have been changed to be sharper because new scientific knowledge and
sophisticated technologies have been applied to glass. At the present, glass is one of the
indispensable materials of infrastructure to connect world, build an advanced information
society, and also preserve global environment. This presentation talks about the present status
glass from the point of view of science and technology, and its role for sustainable future in
celebration of International Year of Glass.

Keywords : International Year of Glass, Glass, Functionality, Application
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T, EORx OEF BRI E Y | EIECR PR ORBEAELICHEIRL TE £
L7c, 7 AMELORHEIX, & ORFFNEfR - 7 o AEMOREPMHE > TL O
BMCRERLONEEDVFT TEY, mERRbtsE X2 REAR#ET L1
7 ZkEEE U TR ERF R M EHILEST DA TWET, ZOE T, BT 7
AELZTEL LT T ADOWEERIE LN, #L LT 2T T ANEEZTTH
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JIL-TIVEIZCKBDASABRE - OAINRaA—T 14 VT DRHE

(B AR R AE) O Hifll
Anti-bacterial and Anti-viral coating for glass by Sol-gel method (N/IPPON SHEET GLASS
CO., LTD.) OMizuho Matsuda

The use of glass products for the interactive displays such as touch panels and digital signage
has increased. On the other hand, due to the pandemic of COVID-19, the needs for anti-
bacterial and anti-viral functions for the products that are touched by hands has also been
increased as an infection prevention measure. For the purpose, we have developed a coating
technology that provides anti-bacterial and anti-viral functions to a glass substrate by sol-gel
method. The coating consists SiO» matrix derived from sol-gel process including Cupper as an
anti-microbial component. The coating showed not only high anti-bacterial and anti-viral
performance but durability applicable for the practical use.

Keywords : Anti-bacterial and anti-viral, Sol-gel method, Coating, Glass,

WTAET 7 AT, X v TF RN T VAN ARV DI IR A L H T I T 4T
TREMOL VI 2 5 b & U CoIEANRREBIIZHEML Tnd, 20, ADOF
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Si02 Matrix * ST ete.
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sHERTSE (FLIAILRME) @ 1S021702

SRERBERT : 24BFRS

Tl Ra—TF 4 U7 %N LT 7 AT O T, JEFRRRESCMANE 72 & D FerE
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5G evolution & 6G HITB I Y KITIANILYBEDH/INL Y OHRE
(28] 1T 1= B BREIkHIE T/ N1 R DB AT EIM)

(B AB(FEFIRASAL NTT Sebntfd T S AFERET) ORIl Kt

Review of optically transparent RIS technology for coverage improvement of millimeter and
terahertz waves toward 5G evolution & 6G
(NTT Device Technology Laboratories, NTT Corp.) ODaisuke Kitayama

Recently, research toward the further development of 5G (5G evolution) and the 6th
generation mobile communication system (6G) is being actively pursued [1]. The millimeter-
wave band, which is used in 5G, is capable of wideband transmission; however, the wave
propagation is easily blocked by obstacles due to its short wavelength. Reconfigurable
intelligent surface (RIS) that enables us to dynamically control the propagation channel, has
been attracting much attention to address the issue of a non-line-of-sight coverage, e.g.
optically transparent RIS based on glass substrate reported in [2]. In this presentation, the recent
RIS technology trends and their underlying metasurface technology toward coverage formation
for 5G evolution & 6G are reviewed.

Keywords : 5G evolution & 6G,; Metamaterial; Metasurface; RIS

2020 FFIZE S AR ENRE O A7 A (5G) DA —E AR S, BIfEIX 5G
DB 53R (5Gevolution) &5 6 HARBENEIE > A 7 L (6G)IZ AT 72 WFFERHFE 23
%AﬁﬁbhfwéﬂkSGﬁE%P%ﬂéiUﬁ%ﬁ\i%@ﬁ%ﬁﬁ%?%éﬁ
M, = OEHEMEDTR S D5 E R WXV IEfRENT W EWIIRENDH Y, =
DM 6G 12 %ﬁénfwéfimwy&mfiiwﬁ%kﬁé ZTZTRMEL
ST Ny DORBEICK LT, siERE A SR - BAICHE L X O LB D
Reconfigurable intelligent surface (RIS) & V9 £4f725FE H 41T\ 5. RIS X FERLNE A HCEL
T HLHOFE T TSI, ERRHELRED 540 2 3% EH/HIE T RE7R “A X ~T Y
T e AFY—T = ZAFMT 1IZFS TV D, RIS O X 9 22 EOARHRHIET A A
DFEFEHEEEZZZ D E TR HTORBUCRE TIAL L O REIRTH L Z L bR B,
Bz X AGC B EthE NTT R €387 AR EX—AMELE LTS - @il o
BT ECER L XEEZ AT 5 RIS 2 FEL L TV 5[2].

ARG TIE, 5G evolution & 6G ([Z[AIF 7= EHEFRED 1 > THDHI VKT T~
WD DN PRI OWT AL T 7 a—F L LTHEAENTWA RIS &0
TR & 722 A XY —T7 = AFEMIC OV TR O HfrEhm 2 332,

[I]NTT DOCOMO INC., "White paper: 5G Evolution and 6G,"
https://www.nttdocomo.co.jp/english/binary/pdf/corporate/technology/whitepaper 6g/DOCOMO_6G _
White PaperEN v3.0.pdf.

[2] D. Kitayama, Y. Hama, K. Goto, K. Miyachi, T. Motegi, and O. Kagaya, "Transparent dynamic
metasurface for visually unaffected reconfigurable intelligent surface," Opt. Express 29(18), 29292
(2021).
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Development of glass appearance simulation system
Ken Uemura(AGC Inc.)

This presentation is about our glass appearance simulation system which we developed.
Glass is often considered to be quite difficult to accurately render by computer graphics, since
it has optical characteristics of both transmission and reflection as well as even more
complicated optics, while it is often used in great variety of purpose and environment. Since
we have been going through tremendous amount of such research and development in many
years, we have built rich database of optical properties of our materials and products.
Combining this with our in-house raytracing technology which is capable of simulating the
ultimate level of accurate physical optical phenomena, we developed our glass visualization
system.

Here, we are mainly focusing on visualization of building glass, which is one of our main
contribution to society, and introducing examples of accurately visualized building glass for
purpose of checking color and aesthetics under variety of conditions including weather and
environment. (Fig.)

W NBARE LT T ALY S 2 L—3 g VU AT AZOWTHRET 5, kit
DT DREM OO L S TH DT T AL, OB EHEIZIUD & T 5847
EEEFRD, SESERBRECHBCHEMAIND Z ENZ 2D, C6IZ X D IE
PANBOFENELWEALZ, A2 bid, CNETREECDEDI N T AEDH
MIFZE0P dn B I L 0 B o TE oM RO O YT — 2 _X— 2 & | Wt
ERZ MRIR & CiEsRk T2 BABRB O NHER > 2 = L— a U EiTE ARG DED
ZEIZEoT, H T AREMOIMEL A EfEIZ AL T E D C6 BB A RS AT A& FEEBL
L7z,

AHE T, BAEOTHEEM CHOLIBEEN T 7 ATESAZ YT, ELDOHTT R
HMBLESORENEZ | S F SERRBECBRE T CEMIC T LBl EN T 5,
(Fig.)

(a ) 4 dlfferent glass types (b) 4 different weather conditions v (c) réélistic building CG

Fig. CG examples
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Why is Glass so Breakable? Atomistic Mechanism and Strengthening ('School of Engineering,
The University of Shiga Prefecture) OJun Matsuoka'

The spreads of mobile devices and solar panels increases the necessity of thin and strong
glass against fracture.

Fracture is a chemical reaction in which all chemical bonds across a plane in a solid body.
It is caused by stress, stress-induced crack formation, and crack propagation. Origin of the
stress is not only the external force but also internal stress caused by thermal history, chemical
processing, or unexpected chemical reactions.

One of the thermal history, inhomogeneity of cooling rate from the melt in a solid body,
causes the internal stress. Faster cooling rate gives lower density in many glasses. This
trend is considerable for glass with high thermal expansion coefficient. Glass having higher
amount of atomistic voids (free volume) in three-dimensional network tends to have larger
cooling rate dependence of density. By the way, when an indent is formed at the glass surface
by contact with other hard solid, residual stress around the indent arise by densification and/or
plastic deformation. Internal stress is also induced by chemical exchange of ions. Induced
compressive stress gives the glass stronger, and tensile stress gives it weaker.

Crack is formed by the weakening of chemical bond caused by stress. Glass having higher
amount of free volume gives lower tendency of contact-induced crack formation. This should
be due to the stress reduction by densification.

Glass shows the slow crack growth phenomena, mainly caused by the breakage of covalent
bond in glass network with the environmental water. Therefore, crack propagation is
enhanced in humid atmosphere. Some glass compositions show plastic deformation, and it
gives the tough glass.

Clarification of the fracture mechanism will contribute the development of strong glass.
Keywords : Glass; Three-Dimensional Network Structure; Crack Formation; Crack Growth;
Strengthening
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1) "Indentation Induced Densification of Sodium Borate Glasses", S. Yoshida, Y. Hayashi, A. Konno,
T. Sugawara, Y. Miura, J. Matsuoka, Phys. Chem. Glasses: Europe. J. Glass Sci. Tech. Part B, 2009,
50, 63.

2) "Micro-Photoelastic Evaluation of Indentation-Induced Stress in Glass", K. Asai, S. Yoshida, A.
Yamada, J. Matsuoka, A. Errapart, C.R. Kurkjian, Materials Transactions, 2019, 60, 1423,

3) "Effect of Densification on Crack Initiation under Vickers Indentation Test", Y. Kato, H. Yamazaki,
S. Yoshida, J. Matsuoka, J. Non-Cryst. Solids, 2010, 356, 1768.

4) "Influence of Water Vapor on Crack Propagation in Soda-Lime Glass", S.M. Wiederhorn, J. Am.
Ceram. Soc., 1967,50, 407.

5) '"Inelastic Deformation and Structure of Borate Glasses", K. Hirao, J. Matsuoka, N. Soga, J. Non-
Cryst. Solids, 1989, 112, 336.

6) "Evidence of Plastic Deformation on Slow Crack Growth of Borate Glasses", J. Matsuoka, K. Hirao,
N. Soga, Fracture Mechanics of Ceramics, 1992, 10, 261.

7) "Transition in Deformation Mechanism of Aluminosilicate Glass at High Pressure and Room

Temperature", K. Osada , A. Yamada, T. Ohuchi, S. Yoshida, J. Matsuoka, J. Am. Ceram. Soc., 2020,
103, 6755.

© The Chemical Society of Japan - B303-3vn-01 -



B303-3vn-02 AZ{b2a B1025SE2 (2022)

B A 5 AMKICHE T D EEDRTOYELROMEN - A
FHIFRIR

(RBE L) O /KHEL !

Microscopic and thermodynamic understanding of atomic diffusion in oxide glass melts under

a temperature gradient ('Graduate School of Engineering, Kyoto University) O Masahiro
Shimizu!

The temperature gradient is a general external field in high temperature processes of glass
forming oxide melts. However, in the glass forming oxide melts, the atomic diffusion driven
by the temperature gradient has not been investigated sufficiently. Here, we propose a
thermodynamic model of the temperature-gradient driven atomic diffusion of oxide melts and
interprets the diffusion direction (to hot side or cold side) of a component in the view of
molecular structure. The model, called modified Kempers model, can predict the Soret
coefficient, which is the quantitative factor to express the separation degree and diffusion
direction at steady state under a temperature gradient, of experimental results better than order
of magnitude accuracy.

Keywords :diffusion; temperature gradient, oxide glass melts; molecular dynamics; Soret effect
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1) M. Shimizu, et al., Sci. Rep. 2018, 8, 15489.

2) M. Shimizu, et al., J. Chem. Phys. 2021, 154, 074501.
3) L.J.T.M. Kempers, J. Chem. Phys. 2001, 115, 6330-6341.

© The Chemical Society of Japan - B303-3vn-02 -



B303-3vn-03 AX{b2a B10255E2 (2022)

D REWMEMICLDZHEGHKREET SHENEERASUAATR
DFAFE
(JLK GIC) OfEEF /&

Development of functional transparent silica glass with various shape using 3D laser
fabrication method (Global Innovation Center, Kyushu University) OShigeru Fujino

Silica glass attracts considerable interest because of its excellent properties of low thermal
expansion, chemical durability and mechanical strength, and high transmittance in the vacuum-
ultraviolet to near-infrared region. As a result, silica glass is used for optical component,
electric device etc. However, it has been extremely difficult to process glass with ultra-
precision and complex shapes. In this study, we have developed glass with complex shapes
using 3D laser fabrication method.

Keywords : silica glass, additive manufacturing, powder sintering, laser fabrication method
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Fig. 1 Viscosity of SiO, melt!-? Fig.2 Laser fabrication 3D complex silica glass

1) Mysen B.O: Earth Science Rev. 27,(1990) 365.
2) Urbain G and M. Boiret: Ironmaking Steelmaking, 17, (1990) 255- 260.
3) SUMKRFET L2V U —%.2019,10.15. https://www.kyushu-u.ac.jp/ja/researches/view/385
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Progress of glass electrolyte for all-solid-state battery (Graduate School of Engineering, Osaka
Prefecture University) O Akitoshi Hayashi, Atsushi Sakuda, Masahiro Tatsumisago

Sulfide glass electrolytes of LisPS4 and Na3;PSs with high ionic conductivity and good
deformability are an appropriate material for all-solid-state batteries with high safety and high
energy density. Crystallization of these glasses increases their conductivity by precipitating
meta-stable crystalline phases, and the obtained glass-ceramic electrolytes are also useful for
solid-state batteries. Li3BO3-Li»SO4 oxide and LisBN, nitride glasses prepared via
mechanochemistry have the ionic conductivity of 10° S cm™ and a deformability similar to that
of sulfide electrolytes. Amorphous positive electrode materials in the system NMC-Li,SO4 with
good deformability have a large rechargeable capacity in all-solid-state batteries.

Keywords : Glass; Solid Electrolyte, All-solid-state Battery,; Sulfide; Oxide
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1) A. Hayashi et al., Front. Energy Res., 4, 25 (2016); 2) A. Sakuda et al., Sci. Rep., 3, 2261
(2013); 3) A. Hayashi et al., Nat. Commun., 3, 856 (2012); 4) Y. Seino et al., Energy Environ.
Sci., 7, 627 (2014); 5) M. Tatsumisago et al., J. Power Sources, 270, 603 (2014); 6) Y. Fujita
et al., Electrochemistry, 89, 334 (2021); 7) M. Shigeno et al., Solid State lonics, 339, 114985
(2019); 8) M. Nagao et al., Adv. Mater. Interfaces, 6, 1802016 (2019).
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Perspective in Molecular Spin Qubits in Coordination Compounds-Based Magnets (Graduate
School of Science, Tohoku University) (OMasahiro Yamashita

Classical bits are composed of 0 and 1, while quantum bits (qubits) are composed of the
superposition of 0 and 1. Quantum computer with qubits is very superior to supercomputer
with the classical bits. Nowadays the qubits are realized in superconducting loops, photons,
quantum dots, trapped atoms, and nitrogen vacancy. More recently, molecular spin qubits have
attracting much attention due to the merits such as (1)spin phase control by pulse EPR, (2)high
spin-polarization of the electron spin, and (3)high molecular designability. In order to realize
the qubits, the longer spin-spin relaxation time (T) and spin-lattice relaxation time (T;) are
needed. In my lecture, I will focus on the molecular spin qubits in coordination compounds-
based magnets by using the following four strategies; (1)crystal engineering method, (2)orbital
engineering method, (3)g-tensor engineering method, and (4)molecular design method.
Keywords : Molecular Spin Qubits;, Quantum Computer, Coordination Compounds
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3. g—7 v VIVILFHITFE (g-Tensor Engineering Method)

VO(TPP)$H{AR & CrN(TPP) X [FIZL oD U f RIS & &2 FF > T\ 5, 245D ESR %
ETDHE gMEORGVELX VOTPP)YD HNEFTh 5, D7 DI LRIEIZ
XU BACREFID BN & Do Tz,

4. sy FaXEFFIE (Molecular Design Method)

~ YA ITARMNFELTARLTZ 4V LT =2 LU FICERT
VO(Annulene) |2 EHLIE A 758 U 728518 % 2 B OEERAE G LTc, ~F v LB a8E A
L7 RIZHE T, e BV ZE A L5 RIE 2 v E T VO(TPP) & 0 & WAL
Bz R LTz, ZOBEBEEHREOREKIZOWTITEBE, Mt T s,

1) T. Yamabayashi, M. Atzori, L. Tesi, G. Cosquer, F. Santanni, M. E. Boulon, E. Morra, S.

Benci, R. Torre, M. Chiesa, L. Sorace, R. Sessoli, and M. Yamashita, J. Am. Chem. Soc., 140,
12090-12101(2018)
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Quantum Spin Technology for Molecular Spin Qubits by Pulsed ESR
(Graduate School of Science, Osaka City University) Kazunobu Sato

Electron and nuclear spins are typical resources as molecular spin quantum bits (qubits) for
quantum information science in molecules. Precise spin technology for the spin qubits is one
of the fundamental issues in the field of molecular spin quantum science. Pulsed ESR and
electron-nuclear multiple resonance (ENDOR/ELDOR) techniques are introduced as the
quantum spin technology to manipulate electron spin qubits. We are going to describe
observation of quantum coherence between electron and nuclear spins and verification of the
spinor nature of both electron and nuclear spins (4r periodicity) by pulsed ENDOR technique
and two- electron spin qubits manipulation by pulsed ELDOR technique.

The pulsed ESR techniques are integrated by applying arbitrary waveform generator (AWG),
and the AWG based ESR technology overcomes technical limitation in ESR spectroscopy. We
will present the advanced AWG-ESR techniques and spin-qubit control with arbitrary
waveform pulses. The AWG-ESR techniques have been applied to typical spin systems for
considering the spin excitation underlying quantum control. We also discuss a GRAPE
(GRadient Ascent Pulse Engineering) approach based on the AWG-ESR technology as a
promising method for global control of spins in molecular spin systems.

Keywords . Quantum Spin Technology; Pulsed ESR; Molecular Spin Quantum Computer; Spin
qubit; Arbitrary Waveform Pulse
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1) K. Sato, Y. Morita, T. Takui et al., J. Mater. Chem., 2009, 19, 3739-3754.

2) S.Nakazawa, K. Sato, Y. Morita, T. Takui et al., Angew. Chem. Int. Ed., 2012, 51, 9860-9864.

3) S. Yamamoto, K. Sato, T. Takui et al., Phys. Chem. Chem. Phys., 2015, 17, 2742-2749.

4) T. Shibata, K. Sato, T. Takui et al., Appl. Magn. Reson., 2021, in press. (DOI: 10.1007/s00723-021-
01392-5)

5) K. Sato, E. Bagryanskaya, T. Takui et al. J. Phys. Chem. A, 2019, 123, 7507-7515.
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Development of Molecule-Qubit Combining Single-Molecule-Magnet
and Superconductor Electrode

Tadahiro Komeda
Tohoku University, IMRAM

tadahiro.komeda.al@tohoku.ac.jp

The application of magnetic molecules to the materials of the devices for the
quantum information process attracts attention. It is critical to make the sharp spin state
of the molecule coupled efficiently with the electric current and substrate. The
double-decker phthalocyanine complex of bis(phthalocyaninato)terbium(lll) (TbPc2)
molecule showed intriguing single-molecule magnet (SMM) behavior and was
examined on the substrates Au(111) and Ag(111). Here, we studied the ThPc, molecule
adsorbed on the superconducting substrate of NbSe2 to demonstrate the use of the mix
states between the SMM spins and the superconducting state. By combing with the
radio frequency microwave injection shown in Figure 1, we can manipulate the qubit
system of the SMM molecule.

Experimentally, we show the scanning tunneling microscopy (STM) and scanning
tunneling spectroscopy (STS) studies at the sample temperature of 400 mK (Unisoku,
Japan) for the system of TbPc, molecules. The system is equipped with 10 T magnet
and the microwave injection system.

First, we observed Yu-Shiba-Rusinov (YSR) states formed by the superconductor
and the magnetic molecule systems, which appear in the superconducting gap. Figure 2
shows the YSR state induced by the magnetic field of the TbPc, molecule, which can be
manipulated with the molecule's structural configuration. Next, we examine the
ESR/NMR signals detected by the RF signal injection (Figure 3). This has been
achieved by monitoring the YSR signal intensity as the function of the RF frequency.
The plot shows the resonance at the frequencies expected for the ESR/NMR resonances
of the TbPc, molecule. We anticipate our results can be contributed towards the
utilization of SMM as the building blocks of the future spintronics devices as well as
fascinating application to the data storage or quantum computing.
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Precision Synthesis of Graphene Nanoribbons with Localized Spins ('Okinawa Institute of
Science and Technology Graduate University, *“Max Planck Institute for Polymer Research) O
Akimitsu Narita,'?

Graphene nanoribbons (GNRs) are quasi-one-dimensional nanostructures of graphene with
unique physical properties that are dependent on their chemical structures.'? Although GNRs
cannot be obtained with well-defined structures by the predominant top-down fabrication
methods, including the lithographic patterning of graphene and unzipping of carbon nanotubes,
the bottom-up synthesis based on the methods of organic, polymer, and surface chemistry can
afford atomically precise GNRs.'? GNRs with varying electronic and optical properties can be
obtained by careful structural design involving different edge structures.'™ In particular, zigzag
edges in specific configurations can bear localized electronic spins, which can show
ferromagnetic or antiferromagnetic coupling depending on their relative alignment.’
Keywords : Graphene nanoribbon; Bottom-up Synthesis; Nanocarbon; Spin;, On-Surface
Synthesis;
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1) Z. Chen, A. Narita, K. Miillen, Adv. Mater. 2020, 32, 2001893.

3) O. Groning, S. Wang, X. Yao, C. A. Pignedoli, G. Borin Barin, C. Daniels, A. Cupo, V. Meunier, X.
Feng, A. Narita, K. Miillen, P. Ruffieux, R. Fasel, Nature 2018, 560, 209.

4) Q. Sun, Y. Yan, X. Yao, K. Miillen, A. Narita, R. Fasel, P. Ruffieux, JPCL 2021, 12, 8679.
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Nano Lett 2020, 20, 6429.

© The Chemical Society of Japan - B204-2pm-04 -



B204-2pm-05 BALE H102EFES (2022)

FANXYED KNV HIDOEFIRERIE

G RAEAE) OK% 7
Quantum control of Spin of NV centers in diamond (Institute for Chemical Research, Kyoto
University) ONorikazu Mizuochi

An electron spin in a nitrogen-vacancy (NV) center in diamond has excellent properties such
as single spin manipulation and readout at room temperature. Thus NV center has the potentials
to realize quantum information processing, nano-scale magnetic- and electric-fields sensors.
Recently, we investigate quantum hybrid systems and utilized n-type diamond toward higher
sensitivity, longer spin coherence times and charge state stabilization. We realized in our
sample that the longest inhomogeneous spin-dephasing time (T." = 1.5 ms) and Hahn-echo
spin-coherence time (T = 2.4 ms) of single electron spin in NV centres, ever observed in room-
temperature solid-state systems [1]. Furthermore, we introduce our research about a non-
adaptive algorithm for increasing the dynamic range principally limitlessly for alternating
current field sensing, while being able to get arbitrarily close to the best possible sensitivity [2].
In the presentation, we will introduce the principle of quantum control, the principle of quantum
sensing method, and recent progress in the application using the NV center in diamond.
Keywords . Diamond; Quantum sensor; NV center; spin; coherence
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1) E. D. Herbschleb, H. Kato, Y. Maruyama, T. Danjo, T. Makino, S. Yamasaki, |. Ohki, K. Hayashi, H.

Morishita, M. Fujiwara, N. Mizuochi, Nature communications, 2019, 10, 3766. 2) E. D. Herbschleb, H.
Kato, T. Makino, S. Yamasaki, N. Mizuochi, Nature Communications, 2021, 12, 306.

Figure 1. The structure of
the NV center in diamond.
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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
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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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AR ERER IR B A TD HIEENTER I 0= R DIFERHL NS> TN 5,
FFa L, IMALETHIHI L 9 %37 0 — 3 A EERICHET LB OTER
L BITV. IEELEE LA LD X7 v — v A KRR CHFE T 5 NT LA OB
BRI LTz, E72, IM OKBEMEFEERN T v MO M RES £ 7 VI b8
FZrhRE R LI EnD . IMALEWIRIHEI L D 537 v — A, i FE
EIELS b o TWD Z EARrENT= Y, —J, Stockwell 5125 » ThHimElbame L
TRHEEINTACEY =T AT X > THEEIN A MR, S ET5Z &b,
2012 FEIZ 7 =z v b= R ELAMNIT BN, 7xa b= AT, A NEH LT
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WAL NT LA L > THRE SN D X7 B —2 R L BANRE <, IM-54 13T
TAFACE S THEIND 7 =1 b= 2Bl LTz, S 512 IM-54 13, #FHPEROD
2= AT AZEDRHLNIARA—F, x /e bh— A "fua b—T AT
Bl L7a7no 72 9y Bl h— v AU bIREBRM LA EE AR E 2 LTV 2 & 23k
BHEN O IM IIIFEBREAEET 5 %7 n— Y RTEVERM 27T 2 L R b
7. BUE IMALAY NTALAWOEREFMRI 258 U T, 2 bIRE RS
5F %% 7 v— 3 AOFEBHOMI T2 2 L &2 STHEETT> TV B, AT
X, OO 55T DONT THRIT L7V,

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

KR DEMIER %5 2 5 9 2 CTHIFEIE & O EAEH I, Ry T~k & O Fn
P FIRRIC EBEE R ZE0 R TH D, I5E EFEREE T oy F3EE. A 25H
el & FHEAE 3 2 B O AW FRTEEE K& AT 5D, LL, ZORHEICHT S
B0 T 7 0 —F 1 E A=y T~ OFEGICB T DR E AW A Tk & el U CRlish L
TWRY, JTF, RO DT D 7ot OE WD EIEE & O AERICK X 8%
52252 ENHLERD | PSS ELD KR O BRK MELLA O & R B 0O B EE )
IR PRI EIND L 91T/ o T, ARHIE TIX, KW & ARBEO R B AER B EDTEHEC
FERIICHF G LTV D HEHIZ | RO TH R = 0 AEWEICE S E Y TT
R 5,

= U BB ERIR 3D OSW-1 1%, = L AT a—/L L O AELERIC X - TEEmIC
BUZREA L, ZEEE 2T A LUET L Z el A A riBmtt e G o868 K %
ERT 2 D, 2D OSW-1 OIEMEDTR S 1%, AR 72 IEMENE R = > - digitonin & 1%
FERI%ETHY ., 2o, FRORAT o — /UURFMEZ R T A, W& D A T = X LRk
DREEIZB W THIEIZE R > TV D 12,

f5i 22 o 2R ATPase DPRLEFHITH % bafilomycin A, (Baf)ix, RS A Z 783,
— 5. DA FIVFEEERE LB R (desFBan) ZEAE A MES KIEIZIK T3 5289, %
DENPG - OFNETEIK T 5 Z &2, 7 AR E R NMR JI7EIZ L - THH 7
IZheo729, T7bb, Baf O~ 7 aZ 7 hBgE 16 MLABEOMISHIX IR E LT
SEARBLEEZ B D A3, desFBaf D551, BRIy DZEERLE DT K o THIEH & DKk
FREERFHL 2D | DT EREORIEEMET T2 2 LiIck - T, FEZERBEICHAG L
WL Ko TND Z EIREBEINT-,

728, OSW-1 {2 DWW T, HOLR LR - EHERE L A4F7E= o6 EIE R E -
& D, bafilomycin (ZOWTIX, K KRF - DI EL L OILFEFFERE TH 5,
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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

FapEc~ 2 2 e E 5258, B LI-L I3 n I aiN 5 RA21TE), ©
Z B ERIGZ Y, 1950-60 %, 2 ORE & 5l S Z9fEEA sy & L CEfs T~
277 b BHESNZ, L L, ZOREWHERER aBEW TR~ ¥ X
77 PG L, EOTEIOBERIIMARDNRE | B < OB S LTI
EEh Tz, Fxid, BEFRT~ 2 27 E OGO 0 FHEMAEIH 2 B 15 L ThFE 2 46
D ACFER LTc~x 2 28T 7 A Z Z ERIS KR T D a0 RIEEN N Z
LIZRDE, WO T H X EENLIEEME ORI 257, A 2RI5MEZ2 R4 3~
277 h—=NEEELZ, RWT, B LIERRE T 7 b=V &ffo o adiTH)
RN NG, ~ 2 2 ERONIFR aMRARE T 7 =V E2RIZE HT 2178 TH D Z
EEPBLMNIT LT, XXE T T b=V DEYTEWZ D80 Rm_F T F—v
WU 2 BRHEMER D D Z L AR R L, FEERICY & 2 UL Lo 3 b U
SR ZEERM L7, UEORERLIY | Fao~&Z B, BIZx
A3l L TEA > TV O TR BRREEHEIEZ R~ 2 2 B Oy 2RI
&S, ERNOIZ T 520 OUEITEIE o 72 Lifam L7z D AT, 2
FOWMFROFEME & b, RANYZ FEEIEELHEXTZRFOA Y R4 Rksro
oAb & 2T D R A DRGSR BT OWFFERRIC DWW TR T 2,

1) R. Uenoyama et al. Science Advances 2021, eabd9135.
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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

RFEEEDOH DN THERENR E LT, BROERFER TR X, BALEREY
720 O a A R PMROE LR EMRIC X DA LSR5 BE O I AR RS AR
ENTWD, BEEREDINDOT v 7 e VO OGS EIR IR HME ST
M, ZOHREFNIIEF D72 FOERITHEICFNRN SIS TH o7, Fald, K
b= L X — TR & FIRFIC AR & 22 (LA 72 & O b7 2 iE T & 288k E
SALFV AT LOFREEZRGT L CT&E T2, 20RO TOERTNEHE (HCIO
X 0, EEE) 20 Ol T 5,

Bl 21X, HCIO IXEAAIRHERE, FAKEREAIE LA b Tnd, KIET
FHY ANV ZER BIER STV 5, R TR E&NFIH S 4L, B 2720 Offi
&0 COp PEHMRBD BB IT LR TR BRI R & <, RBRIFMHESCBREMED A 37 NIk
FIZRE WV, Fx T BiVO/WO; JeEMZ H T, NaClO AR O BT A3 80% (2
7252 L BROKISHIHIZEBWTIZ 97% EIEFITE N Z & 2@ Lz, /NS 720tk
VAT AT, O BILEMAGDOEIVUIIEFICT T NAIRAN VAT ADBHEE TX
Do Z DX D I B ARBEEI 2 B AL, CRERAGIZIZAMNEE S B LG, NaCl 2>
5 NaClo Z#hR B BETE 5, F Bl 2 130 /K B MR O IR M AN £ w12 FHE
LB CHIE CE 5 Z L &2 R E L7z Y, NaCl KIEEH O BiVOJ/WO; HEM T
DOIfEERI O 2T -T2 & 2 A, ~ U AUk (MnOy) ZHEFT 5 L AR
(ZHE V2R T C HCIO & AR 371 kﬁ@ﬁ$w¢é ENGghoT, v L
D4 JE LR Z B LT B A WA 12IE, HCIO SEBEENER LT, v~
VCER L 7= BRI kwTHmoiﬁﬂ%L<mﬂéhéé@i\kaNwUk
TEIRD pH <0 CI-RE, ~ 2 1 U RIBRESC~ o T I bW O i & O, FEFfT
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FREOHEAE Mn/Ca=4 DIV T LEERE) IZLoTHIFEAEELLET, v
T ATIEFNIRE 22 S T TRIAYIC HCIO AR ZH LN bELRAETE D
IR TTHETH DL EZHLMI L, ZOFIIL LGS 4 25
D NTHKTHLFEBRIND Z & 2R LT, 5RO IFHKSCH K Z AV 72 KRG
KFERIE R O RCICEHBRT 5721 The < | RENEAROEMO T L EHBRT D
AREVEN B 5, RIRNBRDIMEEIRATDNT, v~ B OBIEMES KR THER ST
WAHN, w2 W) ERmBMEDLNAEBIIAHTH-o72, ZTHET, KATMn
VISR D O AT LIZR S -> TE ST, O, BAEBEEDKL REEDORKE WMLOT
# (Fe,Ni,Co %) MM/ - BB ITARHIMETH 7=, ARl YEMmE U -E
BRAS NS [AEMIC L - THEZ HCIO AR Z RNV T TR T 5 L)~
VB DR BRI N ERIE T OLOMELIZEE LTV D ) &) Hi A R A iR
WEC X 7o, ZBEMED E O HCIO 23ERR L7 & 9 #i G 72 R & £F 5 72 MnOx 13 R
HARRIZ & > THE— DRI o 72 EHEELTE B, KIRVEA R & N TR RO
HHEfRE AN T LT, EHNR VAT AMERIZFEST D EE L. ZO/ME
T FE ST EDORERI R B EEE O & 52 5,

T, A IINEBRCF R RINEREROMIEIZHETI LTS, KA A A /L7
ERY = — B OB 7 F RS HIT S AT A BIRORFEMEZ K& <& 5 Al hett
N D, NTHARMITIIAZRS CO2 BITOMRICE EE TN, HxREB DR
BEMEZMO TWD, BILWSENEEINN O BSBRENEAL TN EE X BND,
2 S DRFZEDEIC DN T BN T D,

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
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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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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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Heterogeneous Catalysis Studied by Operand Spectroscopy,
Computational Chemistry, and Data Science

(! Institute for Catalysis, Hokkaido University, N-21, W-10, Sapporo 001-0021, Japan)
OKen-ichi Shimizu'
Keywords: Machine Learning; DFT; Catalyst Design; Operando spectroscopy

Recent experimental and theoretical studies gave atomic-level insight into heterogeneous
catalysis. Nevertheless, the discovery of novel catalysts and catalytic reactions is still a
formidable task and, as a result, many of the advances in this area have arisen from trial-and-
error investigations. Enormous amount of experimental and theoretical data for heterogeneous
catalysis have not yet been integrated into readily searchable databases. Our group has studied
Catalysis Informatics based on DFT and machine learning (ML; Figure 1) in combination with
experimental studies.! Here, I demonstrate case studies on catalyst design by ML-prediction.
In the first topic, experimental data for reverse water gas shift (RWGS) reaction by supported
metal catalysts are analyzed by ML. After 35 loops of experiment/ML-based prediction cycles,
a new catalyst with higher activity than the reported catalysts was developed. In the second
topic, ML analysis of DFT data (adsorption energies of CH; and CH») shows a trend in coking-
less alloy surfaces for CH4 dissociation. Based on the trends, combined with a classical
catalysis research using catalytic tests and characterizations, a coking-less dehydrogenation
catalyst was developed. Mechism of data-driven catalytic systems is then studied by operando
spectroscopic experiments and theory. The combined study shown above may be a standard
methodology of catalyst study in near future.
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Figure 1 ML-based catalyst design

1) T. Toyao, Z. Maeno, S. Takakusagi, T. Kamachi, I. Takigawa, K. Shimizu, ACS Catal. 2020, 10, 2260.
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Rational Design of Catalytic Processes by Spatiotemporal
Operando Methodologies on the Reactor Scale

(Department of Chemical Engineering, Delft University of Technology) O Atsushi Urakawa
Keywords: Heterogeneous Catalysis; Operando Methodologies; Spatiotemporal Analysis;
Reactor-scale Gradients; Reaction Mechanisms

Various types of gradients (temperature, concentration, material state, surface species,
etc.) are present in catalytic reactors under continuous operation. For example, when the
conversion of a reactant is 90%, the atmosphere a catalyst (e.g. in a packed-bed reactor)
experiences is completely different near the reactor inlet or the outlet due to the obvious
gradient of the concentration of chemical species in the reaction fluid. This affects the type
and concentration of surface chemical species formed on the catalyst and induces its spatial
variation within a reactor. Consequently, geometrical and electronic structures of the
catalyst material often vary within the reactor. Furthermore, reactions are generally
exothermic or endothermic, and even multiple reactions take place simultaneously, inducing
temperature gradients to arise in reactors.

In this lecture, I highlight the importance of space-resolved operando methodologies,
elucidating such gradients to understand what happens where for steady-state processes,
taking oxidative coupling of methane as an example. In case of unsteady-state processes,
spatial gradients change with time. Thus, the importance of spatiotemporal operando
methods to understand what happens where and when will be shown for unsteady-state
processes in automotive catalysis. Through these examples, I will explain how these
gradients can be studied by operando methodologies and the outcome (catalytic
performance), i.e. reactant conversion and product selectivity, is shaped and can be
holistically understood by the spatiotemporal information. Our recent attempts to perform
kinetic studies based on such information are also discussed.
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Photocatalytic Gaseous Carbon Dioxide Conversion into Fuel (! Tokyo Institute of Technology,
2 Kochi University of Technology, * National Institute for Materials Science) O Masahiro
Miyauchi,! Shusaku Shoji,! Yohei Cho,' Masaru Kushida,' Akira Yamaguchi,' Takeshi Fujita,’
Hideki Abe *

Previous photocatalytic CO; reduction proceeded in water. The present study establishes the
photocatalytic dry reforming of methane to produce syngas (DRM: CHs + CO, — 2CO +
2H>). The present system used photogenerated charge carriers as active sites and oxygen ion
mediators to link the redox reaction. Our photocatalyst drove DRM reaction under the extra-
mild condition and exhibited long-term stability without carbon precipitation.

Keywords : Photocatalysis; Carbon Dioxide;, Methane, Dry Reforming, Semiconductor
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1) S. Shoji, X. Peng, T. Fujita, H. Abe, M. Miyauchi et al. Nature Catalysis 2020, 3, 148.

2) Y. Cho, A. Yamaguchi, T. Fujita, H. Abe, M. Miyauchi et al. Chem. Commun. 2020, 56, 4611.

3) Y. Cho, A. Yamaguchi, M. Miyauchi, Catalysts 2021, 11, 18.

4) M. Kushida, A. Yamaguchi, Y. Cho, T. Fujita, H. Abe, M. Miyauchi, ChemPhotoChem 2021, 5, 275.
5) T. Kuyjirai, A. Yamaguchi, M. Miyauchi et al. Chem. Commun. 2021, 57, 8007.

6) S. Shoji, A.S.B.M. Najib, T. Fujita, H. Abe, M. Miyauchi et al. Chem Catalysis 2022, 2, 1.
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Organometallic Smart Design To Enable Photo-Driven Innovative Material
Transformations: Aerobic Oxidations of Methane and Benzene with Light Input
(Graduate School of Engineering, Kyushu University) Takahiro Matsumoto

Industrial syntheses of methanol and phenol are multi-step and energy-intensive processes.
From the perspective of green sustainable chemistry, such industrial processes need to be
replaced with energy efficient chemical reactions using environmentally friendly reagents and
renewable resources. The ideal methods are to oxidize methane and benzene with dioxygen gas
to synthesize methanol and phenol in one pod, but aerobic oxidations of them are quite difficult
since methane and benzene are the most inert molecules of aliphatic and aromatic hydrocarbons.
In this study, we succeeded in oxidations of methane and benzene with dioxygen gas by
inputting light energy into organometallic complexes.

Keywords : Coordination Chemistry; Photo-Driven, Oxidation, Methane, Benzene
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Hydroxylation of Gaseous Alkanes Catalyzed by Cytochrome P450BM3 Exploiting Decoy
Molecules (Department of Chemistry, Graduate School of Science, Nagoya University)
(OOsami Shoji

Cytochrome P450BM3 isolated from Bacillus megaterium has garnered much attention
because of its high monooxygenase activity. In general, P4A50BM3 displays a high substrate
specificity, exclusively catalysing the hydroxylation of long-alkyl-chain fatty acids while
remaining inactive for small non-native substrates such as propane and benzene. However, it
was observed that P450BM3 can be “fooled” into initiating hydroxylation of non-native
substrates in the presence of dummy substrates (decoy molecules). Decoy molecules initiate
the activation of molecular oxygen in the same manner as with long-alkyl-chain fatty acids and
induce the generation of compound I, but the compound I hydroxylates gaseous alkanes and
benzene because the decoy molecules are not oxidizable. We have demonstrated that various
carboxylic acids modified with amino acids (N-acyl amino acids) as well as amino acid dimers
having a completely different structure from fatty acids can serve as decoy molecules for
efficient hydroxylation of gaseous alkanes and aromatic compounds.

Keywords : Cytochrome P450; Gaseous alkane; Decoy molecule; Hydroxylation
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1. Acc. Chem. Res. 2019, 52 (4), 925-934. 2. ACS Catal. 2020, 10(16) 9136-9144.
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Synthetic Catalysis Intervening into Chemical Dynamism of Life ('Graduate School of
Pharmaceutical Sciences, The University of Tokyo) OMotomu Kanai'

Life emerges from biphase of biomolecules and chemical reaction networks thereof. Our
long-term research goal is to open a new paradigm of medicine, catalysis medicine: through
small-molecule synthetic catalysis surrogating or even surpassing enzymes under “living”
circumstances, we directly modulate or manipulate chemical reaction networks of life without
relying on enzymes, as a new therapeutic strategy. This research direction will in turn contribute
to the greener synthesis of functional molecules of high structural complexity including drugs,
in flasks and factories. Success of our research requires powerful chemical catalysts that can
target stable, multifunctional organic molecules ranging from small molecules to
biomacromolecules under mild conditions with synthetically valuable selectivity. To activate
stable molecules under physiological conditions, we prefer to drive reactions by earth’s
environmental energies, such as visible light and aerobic oxygen, instead of heat.

With this perspective, we are studying selective protein modifications,” artificial
epigenetics,” and chemical degradation of aberrant proteins, especially amyloids.” My talk will
focus on the third topic. The most advanced catalyst 1 for amyloid  (AP)
oxygenation/degradation is non-invasively effective in Alzheimer model mice brains through
intravenous injection and light irradiation from outside of the body.* It is intriguing to find that
this abiotic catalysis transformed aggregated AP into the products, which physiological
mechanisms (i.e., microglia cells) preferentially phagocytose.”

Keywords : Catalyst; Medicine; Protein Modification; Artificial Epigenetics; Amyloid
Degradation
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1) (a) K. Maruyama, T. Ishiyama, Y. Seki, K. Sakai, T. Togo, K. Oisaki, M. Kanai, J. Am. Chem. Soc.
2021, 743, 19844. (b) K. Maruyama, M. Kanai, Chem. Lett. 2019, 48, 1421.

2) T. Nozaki, M. Kanai, Acc. Chem. Res. 2021, 54,2313.

3) Y. Sohma, T. Sawazaki, M. Kanai, Org. Biomol. Chem. 2021, 19, 10017.

4) N. Nagashima, S. Ozawa, M. Furuta, M. Oi, Y. Hori, T. Tomita, Y. Sohma, M. Kanai, Sci. Adv. 2021,
7, eabc9750.

5) S. Ozawa, Y. Hori, Y. Shimizu, A. Taniguchi, T. Suzuki, W. Wang, Y. W. Chiu, R. Koike, S. Yokoshima,
T. Fukuyama, S. Takatori, Y. Sohma, M. Kanai, T. Tomita, Brain 2021, 144, 1884.
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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.
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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).
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3) Y. Zhang, E. Lotstedt, T. Ando, A. Iwasaki, H. Xu, K. Yamanouchi, Phys. Rev. A 104, 023107 (2021).
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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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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.

© The Chemical Society of Japan -W1-1pm-06 -



The Chemical Society of Japan The 102nd CSJ Annual Meeting

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

[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
Wed. Mar 23, 2022 4:10 PM - 5:30 PM W1 (Online Meeting)

[W1-1vn-01] lon transport in concentrated aqueous electrolytes for Li-ion batteries
9Jonggu 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
OLin Wang'? (1. Department of Chemistry, Tohoku Univ., 2. ESICB, Kyoto Univ.)
4:45 PM - 5:05 PM

[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

©The Chemical Society of Japan



W1-1vn-01

The 102nd CSJ Annual Meeting

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
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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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The Force is Within You: Fluorescent probes to map molecular
forces in cells

(Emory University) OKhalid Salaita
Keywords: Fluorescent Force Probe; Mechanobiology; DNA technology; Hydrogel

Cells are highly dynamic structures that are constantly pulling and pushing on one another
and on their surroundings. These pulls and pushes are mediated by molecular complexes that
experience forces at the scale of piconewtons (pN). For context, 7 pN applied a distance of 1
nm is ~1 kcal/mol and most biological forces are in the range of 1-50 pN. Despite the small
magnitudes of these forces, they can have profound biochemical consequences. For example,
the rapidly fluctuating forces between immune cells and their targets can drastically tune
immune response and function. Unfortunately, there are limited methods to study forces at the
molecular scale and particularly within the context of living cells. In this talk, I will discuss my
group’s efforts at addressing this gap in knowledge by developing fluorescence tools to map
the molecular forces applied by cells. The talk will focus on nucleic acid probes that respond
to specific magnitudes of molecular forces by undergoing conformational changes. These
conformational changes are then designed to trigger biochemical and catalytic reactions that
can enhance the sensitivity of the probe. One specific example is the hybridization chain
reaction which enhances the mechanical signal by multiple fold and allows one to readout cell
forces using a standard benchtop plate reader. The work represents an important step towards
democratizing the field of mechanobiology by creating probes that can be used without the
need for sophisticated instrumentation.

[Recent Publications]

1) “Mechanically-triggered Hybridization Chain Reaction” Angew. Chem. Int. Ed., 2021, 60, 19974.

2) “Turn-key super-resolution mapping of cell receptor force orientation and magnitude using a
commercial structured illumination microscope” Nature Commun., 2021, 12, 4693.

3) “DNA-based microparticle tension sensors (uTS) for measuring cell mechanics in non-planar
geometries and for high-throughput quantification” Angew. Chem. Int. Ed., 2021, 60, 2.

4) “Live-cell super-resolved PAINT imaging of piconewton cellular traction forces” Nature Methods,
2020, /7, 1018.

5) “Engineering DNA-Functionalized Nanostructures to Bind Nucleic Acid Targets Heteromultivalently
with Enhanced Avidity” J. Am. Chem. Soc., 2020, 142, 9653.

6) “Tunable DNA Origami Motors Translocate Ballistically Over um Distances at nm/s Speeds” Angew.
Chem. Int. Ed., 2020, 59, 9514.

7) “Programmable Mechanically Active Hydrogel-Based Materials” Adv. Mater. 2021, 33, 2006600.

8) “Supramolecular DNA Photonic Hydrogels for On-Demand Control of Coloration with High Spatial
and Temporal Resolution” Nano Letters 2021, 21, 9958.
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Environment Responsive Fluorescent Probes for Visualization of
Cellular Lipid Dynamics

(Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University) (OMasayasu
Taki

Keywords: Environment Sensitive Dyes, Lipid Metabolism, Fluorescence Imaging,
Fluorescent Fatty Acid, Phospholipid

Lipid metabolism is an essential biological function for cells, including degradation
and storage of lipids for energy production and membrane biogenesis for cell growth.
Recent studies have revealed that the dysregulations in lipid metabolism are involved in
various diseases such as obesity, diabetes, and cancer, thus it is increasingly important to
understand the mechanism. Fluorescence imaging is a powerful technique for non-invasive
analysis of lipid metabolism in living cells. However, the lack of molecular tools has limited
the methodology of lipid-related research. Herein, I’d like to introduce some recently
developed unique fluorescent probes that enable visualization of lipids in live cells.

1. Environment-sensitive fluorescent fatty acid (AP-C12)

Metabolic distribution of fatty acids (FAs) to organelles is an essential process for
energy homeostasis as well as for the maintenance of membrane integrity, and the metabolic
pathways are strictly regulated in response to environmental stimuli. To understand the
exogenous FA metabolism, we have developed a new fluorescent FA probe, AP-C12, which
bears an azapyrene (AP) dye that changes its photophysical properties depending on the
microenvironment  polarity of the transported organelle. Owing to the
negative-solvatochromism of this AP dye,' the distribution of the metabolically incorporated
FA probe in non-polar lipid droplets (LDs), medium-polarity membranes, and the polar
mitochondrial matrix, can be visualized in different colors. Based on density scatter plots of
the AP fluorophore, in nutrition-starved hepatocytes, we proved that the degradation of
triacylglycerols in LDs occurs predominantly via lipolysis rather than lipophagy. Thus, this
new tool can be expected to significantly advance our understanding of lipid metabolism in
living organisms.

2. Super-photostable mitochondrial inner membrane marker (MitoPB Yellow and
MitoPB Red)

Mitochondria play a central role in energy metabolism, and their functions are closely
related to their membrane morphologies. Although super-resolution microscopy is a
powerful technique for visualizing the mitochondrial ultrastructure such as cristae in living
cells, it requires molecular tools that can specifically label the mitochondrial inner
membrane with high photostability. We found that our newly developed fluorescent probe,
MitoPB Yellow, possesses a long fluorescence lifetime, outstanding photostability, and
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fluorogenic properties upon localization to the membrane.” In combination with a
time-gated-STED microscopy, we successfully captured cristac structures with high
signal-to-noise ratio as well as rapid inter-cristac mergence (< 2 s) in a single
mitochondrion.

As a second-generation mitochondrial fluorescent marker, we recently developed a
red-emissive superphotostable compound, MitoPB Red, which are based on a
phospholo[3,2-b]phosphole-P,P’-dioxide scaffold. Because of stronger electron accepting
nature of this building block, MitoPB Red shows higher environment sensitivity than
MitoPB Yellow. We found that this probe can be applied to FLIM imaging for visualization
of the inner membrane heterogeneity originating from the differences in lipid composition.

3. Probes for visualizing lipid droplets (LAQ1 and LipiCo)

Lipid droplets (LDs) are a universal organelle involved in various cellular functions, so
understanding their roles in biological systems has been an important research subject.
However, there are a limited number of fluorescent markers that satisfy all requirements
including the selective staining of LDs, high photostability, and sufficient biocompatibility,
have been developed. In this regard, we have developed a donor-m-acceptor compound
LAQ1 based on a  thiophene-containing fused  polycyclic scaffold
[1]benzothieno[3,2-b][1]benzothiophene (BTBT), in which one thiophene ring is oxidized
into thiophene-S,S-dioxide to form an electron-accepting building block.> Super-photostable
LAQ1 enabled recording the lipolysis of LDs and the concomitant lipogenesis, as well as
long-term trajectory analysis of micro-LDs at the single-particle level in living cells.

Following this, we recently developed a red-emissive fluorescent probe for LD,
LipiCo, which employs the same scaffold as MitoPB Red. Owing to the extremely high
environment sensitivity of this probe, the lipid composition in LDs can be assessed from the
fluorescence lifetime. Indeed, by combining LipiCo and FLIM, we could successfully
visualize the differences in lipid composition among cell types as well as even in a single
cell.

AP-C12 MitoPB Yellow MitoPB Red LAQ1 LipiCo

1. F. Glorius et al., Angew. Chem. Int. Ed. 54, 4508-4511 (2015).
2. M. Taki, Y. Okada, S. Yamaguchi et al., Proc. Natl. Acad. Sci. USA, 116, 15817-15822 (2019).
3. M. Taki, S. Yamaguchi et al., ACS Materials Lett., 3, 42-49 (2021).
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Multicolor Activatable Raman Probes for Simultaneous Detection
of Plural Enzyme Activities

(*Graduate School of Medicine, The University of Tokyo) OMako Kamiya'
Keywords: Raman Probes, Multiplexed Detection, Enzyme Activities

Raman microscopy, which can characterize molecular species by detecting the vibrations
of chemical bonds, has been developed as an important imaging modality to characterize
cellular biochemical constituents without labeling. In the past decade, various Raman tags,
including alkyne, nitrile and the carbon—deuterium bond, which show characteristic
vibrational frequencies in the cell-silent region (18002800 ¢cm™'), have been developed for
bioorthogonal imaging in live cells and tissues. However, most of the pre-existing Raman
probes show constant Raman signal intensity (‘“always-on” Raman probes), and thus their
application has been limited to labeling tags.

In this study, we present a general strategy to prepare activatable Raman probes that show
enhanced Raman signals due to electronic pre-resonance (EPR) upon reaction with enzymes
under physiological conditions. We identified a xanthene derivative bearing a nitrile group
at position 9 (9CN-JCP) as a suitable scaffold dye, and synthesized four types of activatable
Raman probes, which are targeted to different enzymes (three aminopeptidases and a
glycosidase) and tuned to different vibrational frequencies by isotope editing of the nitrile
group. We validated the activation of the Raman signals of these probes by the target
enzymes and succeeded in simultaneous imaging of the four enzyme activities in live cells.
As our design strategy should be generally applicable for developing activatable Raman
probes targeted to other specific biomolecules or biological processes, we believe multiplex
imaging with these functionalized Raman probes will be a powerful tool for studying
complex biological and pathological phenomena.
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Escape from Molecular Flatland: Frustration, Adaptation,
and Cooperation

Dongwhan Lee

Department of Chemistry, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul 08826,
Korea
dongwhan@snu.ac.kr

Structure begets function. Novel functions emerge from novel structures, either by rational
molecular design (as we often claim retrospectively even without guilt) or by sheer serendipity
(although we ordinarily do not disclose). For some time now, my research group has been
exploring the chemistry of triazole-fused polyaromatics as conformationally well-defined turn
motifs for spontaneously folding m-conjugated molecules and self-assembling macrocycles.

What new properties would emerge if close w-m contacts between large and flat aromatic
surfaces are intentionally thwarted? This open-ended question prompted our recent ventures
into the chemistry of (i) porous crystals displaying cavity-changing motions, (ii) hydrophobic
collapse of polycationic fluorophores, (iii) allosteric gating of canopied container molecules,
and (iv) hierarchical folding of cation-responsive molecular tweezers. This presentation will
discuss key design principles, synthetic implementations, and functional consequences of
the steric and electronic frustration that is endured (and also exploited) by non-stackable
triazoliptycenes, isobenzimidazoles, and peralkylated benzenes.
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Mapping Structural Dynamics in Photochemistry
with Ultrafast Nonlinear Spectroscopy

(‘Research Center of Integrative Molecular Systems (CIMoS), Institute for Molecular
Science) OHikaru Kuramochi'

Keywords: Ultrafast spectroscopy; Coherent nuclear wavepacket; Time-resolved Raman
spectroscopy; Multi-dimensional spectroscopy

Photochemical reactions of polyatomic molecules proceed on complex potential energy
surfaces (PESs) having a vast degree of freedom of nuclear coordinates. For identifying and
manipulating the reaction coordinates and molecular mechanisms that underlie the reaction,
it is desirable to map out the PESs and clarify how the molecule evolves thereon from the
electronic and vibrational viewpoints, which has been a long-standing central subject in
both experimental and theoretical chemistries. Aiming at visualizing the
electronic/structural dynamics governing the fate of photochemical reactions, we develop
and apply ultrafast time-resolved time-domain Raman spectroscopy based on sub-10-fs
pulses and realize tracking the change of the vibrational structure throughout photochemical
reactions with unprecedented temporal resolution. In time-domain Raman spectroscopy, an
ultrashort Raman pump pulse induces coherent nuclear wavepacket motion of the molecule,
and it is subsequently recorded directly in the time domain using another ultrashort pulse
(probe). The obtained time-domain Raman signal fully characterizes the Raman vibrational
structure with amplitude, frequency, and phase information and yields a “frequency-domain”
Raman spectrum through Fourier transform. While the Raman spectra obtained through
time-domain Raman spectroscopy provide information equivalent to those obtained by
ordinary “frequency-domain” Raman spectroscopy, the uniqueness of time-domain Raman
spectroscopy is that it is performed only with the femtosecond pulses, and thus the timing to
initiate Raman transition can be determined with femtosecond temporal accuracy. Therefore,
by introducing the femtosecond actinic pump pulse before the induction of the Raman
process, it is possible to track the structural change of reaction intermediates occurring on
the femtosecond time scale. The high potential of this time-resolved time-domain Raman
technique, which we call time-resolved impulsive stimulated Raman spectroscopy
(TR-ISRS), was successfully demonstrated in the early studies.'** However, its application
was severely limited to the studies of low-frequency vibrational dynamics of small
molecules because of technical difficulties. To overcome this limit and study ultrafast
structural dynamics of complex molecular systems, we developed a TR-ISRS spectrometer
featuring highly stable 6-fs pulses, which enables us to track the change of the vibrational
structure over a wide frequency range from the terahertz to 3000 cm™ region, with
femtosecond time resolution and the sensitivity down to ~1 pOD.* With these capabilities,
we succeeded in visualizing the structural changes during fundamental chemical processes
such as bond dissociation/formation,™® primary events in the photoreactions of
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photoresponsive proteins,”** and the plasmon-driven adsorbate dynamics.'® Moreover, we
extended TR-ISRS to multi-dimensional Raman spectroscopy by employing the actinic
pump pulse whose temporal duration is also short enough to induce coherent nuclear
wavepacket motion. This technique, two-dimensional impulsive stimulated Raman
spectroscopy (2D-ISRS), circumvents cascading of the lower-order nonlinear processes,
which has been a technical bottleneck to implement two-dimensional Raman spectroscopy
in the past, and it can exclusively visualize the couplings between different vibrational
modes in reactive excited states.!! In the talk, we provide an overview of these studies and
discuss how advanced ultrafast coherent nonlinear vibrational spectroscopy can be used to
address fundamental questions in photochemistry/photobiology.

—_—
frequency

1) S. Fujiyoshi, S. Takeuchi, T. Tahara, J. Phys. Chem. A 2003, 107, 494. 2) G. Cerullo, L. Liier, C.
Manzoni, S. De Silvestri, O. Shoshana, S. Ruhman, J. Phys. Chem. 42003, 107, 8339. 3) S. Takeuchi,
S. Ruhman, T. Tsuneda, M. Chiba, T. Taketsugu, T. Tahara, Science 2008, 322, 1073. 4) H.
Kuramochi, S. Takeuchi, and T. Tahara, Rev. Sci. Instrum. 2016, 87, 043107. 5) H. Kuramochi, S.
Takeuchi, T. Tahara, Chem. Phys. 2018, 512, 88. 6) H. Kuramochi, S. Takeuchi, M. Iwamura, K.
Nozaki, T. Tahara, J. Am. Chem. Soc. 2019, 141, 19296. 7) H. Kuramochi, S. Takeuchi, K. Yonezawa,
H. Kamikubo, M. Kataoka, T. Tahara, Nat. Chem. 2017, 9, 660. 8) T. Fujisawa, H. Kuramochi, H.
Hosoi, S. Takeuchi, T. Tahara, J. Am. Chem. Soc. 2016, 138, 3942. 9) P. Kumar, E. Fron, H. Hosoi, H.
Kuramochi, S. Takeuchi, H. Mizuno, T. Tahara, J. Phys. Chem. Lett. 2021, 12, 7466. 10) P. Kumar, H.
Kuramochi, S. Takeuchi, T. Tahara, submitted. 11) H. Kuramochi, S. Takeuchi, H. Kamikubo, M.
Kataoka, T. Tahara, Sci. Adv. 2019, 5, eaau4490.
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Sensitizing triplet photochemistry using colloidal quantum dots
Kaifeng Wu
State Key Laboratory of Molecular Reaction Dynamics, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian, Liaoning 116023, China
E-mail: kwu@dicp.ac.cn

In recent years, sensitization of molecular triplets using inorganic semiconductor nanocrystals or
guantum dots (QDs) via triplet energy transfer (TET) has emerged as a new area with potential
applications ranging from photochemical photon upconversion to organic synthesis. We
investigated the fundamental mechanisms of the inorganic/organic TET by building well-defined
model systems and applying state-of-the-art time-resolved spectroscopy tools. In doing so, we
uncovered the essential role of quantum confinement of nanocrystals in facilitating electronic
coupling required for triplet energy transfer. We also established a unified picture of
charge-transfer-mediated triplet energy transfer mechanisms, which greatly expanded the scope

of molecular triplet sensitization using nanocrystals.
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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
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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
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Fig. 2 Temperature dependence of the ionic
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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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Multifunctional Nanoparticles for Cancer Theranostics

(Department of Chemical Engineering and Biotechnology, National Taipei University of
Technology) Ren-Jei Chung

Keywords: Glioma; Hyperthermia; Angiopep-2; Iron-gold Alloy Nanoparticles; Cancer
Theranostics

Gliomas display a poor disease prognosis causing death within 15 months after diagnosis.
Chemotherapy has offered some hope to target this, however, it is majorly ineffective due to
the low therapeutic window, poor efficacy and high cytotoxicity. To overcome these challenges,
we conjugated Angiopep-2, a cell penetrating peptide (CPP) to Iron Gold (Fe-Au) alloy
nanoparticles and investigated the ability of Ang-Fe-Au Nps conjugate to limit glioma growth
via magnetic field induced hyperthermia. Our results show that 6.44nm sized conjugated Fe-
Au Nps were superparamagnetic, enhanced negative Glioma image contrast and displayed a
12°C temperature elevation when magnetically stimulated, indicating applications in medical
imaging and hyperthermia-based therapy. Angiopep-2 conjugation resulted in 1.5-fold higher
ingestion by C6 glioma cells than L929 fibroblasts, indicating specific glioma targeting and
resulting in 90% decrement in cell viability due to magnetic field induced hyperthermia.
Immunohistochemical analysis showed an enhanced coagulative necrosis, glial fibrillary acidic
protein (GFAP) expression and decreased Ki67 labelling index in rat treated with Ang-Fe-Au
Nps which translated to a 5-fold decrement in tumor volume, consequently resulting in an
increased survival time by 7 days. The dual application of this platform opens new doors
towards cancer theranostics with minimal invasiveness.

1) Udesh Dhawan, Ching-Li Tseng, Huey-Yuan Wang, Shin-Yun Hsu, Meng-Tsan Tsai, Ren-Jei
Chung*, “Assessing Suitability of Co@Au Core/Shell Nanoparticle Geometry for Improved
Theranostics in Colon Carcinoma”, Nanomaterials, 2021, 11, 2048. (2021)

2) Sanford PC. Hsu, Udesh Dhawan, Yuan-Yun Tseng, Ching-Po Lin, Ching-Yu Kuo, Li-Fang Wang,
Ren-Jei Chung*, “Glioma-Sensitive Delivery of Angiopep-2 Conjugated Iron Gold Alloy
Nanoparticles Ensuring Simultaneous Tumor Imaging and Hyperthermia Mediated Cancer
Theranostics”, Applied Materials Today, 18, 100510. (2020)

3) Yun-Qian Li, Meng Xu, Udesh Dhawan, Wai-Ching Liu, Kou-Ting Wu, Xin-Rui Liu, Ching-Po Lin,
Gang Zhao, Yu-Chuan Wu* and Ren-Jei Chung*, “Iron-Gold Alloy Nanoparticles Serving as a
Cornerstone in Hyperthermia Mediated Controlled Drug Release for Cancer Therapy”, International
Journal of Nanomedicine, 13, 5499-5509. (2018)
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Real-Sample Analysis utilizing Supramolecular Chemical Sensor
Chips and Devices

(Institute of Industrial Science, The University of Tokyo) oTsuyoshi Minami
Keywords: Supramolecular Device; Chemical Sensor; Molecular Recognition;
Organic Transistor; Pattern Recognition
OTFT Sensors Real-World
Supramolecular materials have the ~ ©™"y"*° des‘ig" Application
potential to be applied to analytical I"‘y roach

devices, while such materials have not

Molecular =» Chemosensor array design
isfi i R iti S e i-ana
fully satisfied the requirements for ot ‘-.g‘ .'— Mult-analyte Detection in
practical analysis to this date. To ’ “eom
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explore appropriate approaches for @B volecular design
real-_world appllcatlon_s’ we have Systematization of research on areas ranging
continued comprehensive and cross- from molecules to devices

hierarchical research on areas ranging  Fig. 1 Research concept.

from molecules to devices (Fig. 1).
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chemistry, are introduced at this
presentation.
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phosphonates, and carboxylates play Fig. 2 (a)_C_hemich structures of cgtechol dyes._(b)
Schematic illustration of a mechanism for oxyanion

important roles "? _mej(abo“sm' Amqng detection. (c) Scheme of imaging analysis-driven
them, the quantification of herbicide quantitative detection of glyphosate.

glyphosate is in high demand because
of its potential carcinogenic activity.® Thus, we decided to develop two small types of
chemical sensor devices for rapid on-site analysis of oxyanions including glyphosate.
A chemosensor array enables simultaneous discrimination of multiple chemical
species utilizing powerful pattern recognition techniques." To realize easy-to-prepare
colorimetric chemosensors without synthetic burden, four off-the-shelf catechol dyes
and a metal ion (i.e., Zn**) were employed for practical analysis (Fig. 2(a)).* The
spontaneously formed coordination bond-based chemosensors exhibited colorimetric
changes by adding target oxyanions in water, which stemmed from competitive
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coordination binding (Fig. 2(b)). The coordination bond-based chemosensors, which
showed various colorimetric responses depending on the structural differences of
target oxyanions and those concentrations, were applied to imaging analysis-driven
pattern recognition on paper toward on-site analysis.® Notably, visible color changes
on a paper-based chemosensor array were rapidly recorded using an office flatbed
scanner, followed by automatic imaging analysis for accurate discrimination of
oxyanions and quantification of commercial herbicides (Fig. 2(c)).°

A water-gated organic thin-film
transistor (WG-OTFT), which can be
referred to as a supramolecular device
because of its transistor characteristics
controlled by self-assembled structures Sotiee “Brain
of semiconductive polymer materials, ® Glyphosme (@lyP)
was selected as a sensor device —

Electrolyte + uz o
platform (Fig. 3(a)).? Very importantly, . :
the WG-OTFT characteristics i%?%& 223?;%&
correspond to the accumulation and Sem-conductw
desorption of charged species at the  © o s
interface, meaning that the transistor ﬁ"
properties can be tuned by chemical
stimuli. Moreover, appropriate
functional side chains of 1-conjugated
pOIymer_S endow. the _SemlcondUCtlve Fig. 3 (a) Photograph and schematic illustration of
layer with two-dimensional molecular 5 wWG-OTFT. (b) Schematic illustration of
recognition  sites.  Therefore, a glyphosate sensing utilizing the competitive assay
competitive assay using a carboxylate- ~ among P3CPT, the Cu" ion, and glyphosate in
attached  polythiophene  derivative X]zt:'iéfgfiei’;ttwgg}n;?ggizg'yphosate using
(P3CPT) and a metal ion (i.e., Cu?")
was designed for the highly selective and sensitive detection of glyphosate (Fig. 3(b)).®
Indeed, the WG-OTFT-based chemical sensor displayed stepwise changes of
transistor characteristics with an increase of glyphosate concentration.® Furthermore,
the real-time detection was also accomplished by the WG-OFET-based sensor
integrated with a microfluidic system (Fig. 3(c)).”

In summary, we believe that proposed approaches can contribute to the real-world

implementation of “supramolecular analytical devices” that further improve people’s
quality of life.
1) T. Minami et al., Coord. Chem. Rev. 2021, 429, 213607. 2) Bull. Chem. Soc. Jpn. 2021, 94,
2613 (Cover). 3) J. Am. Chem. Soc. 2014, 136, 11396, 4) Anal. Chem. 2019, 91, 13627. 5)
ChemPlusChem 2021, 86, 798 (Cover and Highlighted by Wiley ChemistryViews). 6) Chem.
Eur. J. 2020, 26, 14525 (Cover and VIP). 7) Langmuir 2021, 37, 7305 (Cover).
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Separation of semiconducting carbon nanotubes using
isomaltodextrin and thin-film transistor applications

(‘Research Center for Materials Science and *Graduate School of Science, Nagoya
University)O Haruka Omachi,'?

Keywords: Carbon Nanotube; Isomaltodextrin; Semiconducting CNT; M/S Separation;
Thin Film Transistor

Single-wall carbon nanotubes (SWCNTs) possess a range of potential applications for
high-performance electronic devices, such as thin-film transistors (TFTs), due to their
excellent electronic properties, chemical/mechanical strength, flexibility, and solution
processability. However, the electrical properties of SWCNTs can be modified by changing
the SWCNT chirality from a semiconducting to a metallic character. As-synthesized
SWCNTs typically contain one-third metallic (m-) and two thirds semiconducting (s-)
SWCNTs. Therefore, high purity s-SWCNT separation techniques are required prior to their
application in electronic devices. A variety of s-SWCNT separation techniques, such as
density gradient ultracentrifugation,' gel chromatography,” electric layer formation,’
selective dispersion,* and aqueous two-phase (ATP) extraction,’ have been reported.

Recently, we developed a rapid and single-step ATP extraction of high-purity
s-SWCNTs using isomaltodextrin (IMD), which a highly branched o-glucan containing
66.3% a-1,6-glucosidic linkages (Fig 1a).® IMD is produced from starch via the o-
glucosyltransferase and o-amylase activities of Paenibacillus alginolyticus. IMD is
commercially available at a low cost because it was originally developed as a water-soluble
dietary fiber. The extraction of s-SWCNTs was achieved at >98% purity, as determined via
optical absorption spectra and Raman spectroscopy measurements. It was revealed that the
ATP separation of SWCNTs occurred due to both the hydrophobic/hydrophilic difference
and the interaction with helical structures possessing continuous a-1,6-glucosidic linkages.

We also developed the cross-linking gelation of IMD, enabling the high-purity
separation of s-SWCNTs (Fig 1b).” The cross-linking reaction with epichlorohydrin under
precisely controlled basic conditions gave the sub-micrometer porous IMD gels, which was
important for achieving gel chromatographic SWCNT separation. Column chromatography
performed using the IMD gel, which possessed submicrometer porous structures, provided
s-SWCNTs with an excellent 98.7% purity.

Furthermore, an efficient method for the fabrication of SWCNT thin films using
cross-linked methoxycarbonyl polyallylamine (Moc-PAA) was established (Fig 1c).® The
cross-linked Moc-PAA layer provided a smooth surface terminated with amino groups to
form the s-SWCNT networks. We successfully manufactured SWCNT-TFTs on both rigid
and flexible substrates. The devices exhibited good on/off ratio, carrier mobility, and
on-current density with small variations. The suppression of characteristic variability of
SWCNT-TFTs led to the operational stability of practical devices.
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Fig 1. (a) Chemical structure of IMD and photograph of ATP extraction of SWCNTs using IMD.
(b) Photographic image of column chromatography separation of SWCNTs using the IMD gel.
(c) Chemical structure of Moc-PAA, atomic force microscopy (AFM) image of the fabricated
s-SWCNT film, and photograph of SWCNT-TFT on the flexible PEN substrate.

1) M. S. Amold, A. A. Green, J. F. Hulvat, S. I. Stupp, M. C. Hersam, Nat. Nanotechnol. 2006, 1, 60.
2) T. Tanaka, Y. Urabe, D. Nishide, H. Kataura, Appl. Phys. Express 2009, 2, 125002.

3) K. Thara, H. Endoh, T. Saito, F. Nihey, J. Phys. Chem. C 2011, 115, 22827.

4) K. S. Mistry, B. A. Larsen, J. L. Blackburn, ACS Nano 2013, 7, 2231.

5) C.Y. Khripin, J. A. Fagan, M. Zheng, J. Am. Chem. Soc. 2013, 135, 6822.

6) H. Omachi, T. Komuro, K. Matsumoto, M. Nakajima, H. Watanabe, J. Hirotani, Y. Ohno, H.
Shinohara. Appl. Phys. Express, 2019, 12, 097003.

7) Y. Matsunaga, J. Hirotani, Y. Ohno, H. Omachi, H. Appl. Phys. Express, 2021, 14, 017001.

8) K. Matsumoto, K. Ueno, J. Hirotani, Y. Ohno, H. Omachi, Chem. Eur. J., 2020, 26, 6118.
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Development of various functional hydrogels of imidazolium-based
zwitterionic polymers

(‘Department of Materials Science and Engineering, Pohang University of Science and
Technology (POSTECH), 77 Cheongam-Ro, Nam-Gu, Pohang, Gyeongbuk, 37673 South
Korea, E-mail: ysookim@postech.ac.kr) O Youn Soo, Kim'

Keywords: Zwitterionic polymers, hydrogels, Hoffmeister anions, conductive hydrogels,
adhesive hydrogels

Zwitterionic polymers (ZPs), which have anionic and cationic parts in the same monomer
unit, have received enormous attention because of their promising properties, such as stimuli-
responsiveness, remarkable hydrophilicity, and the anti-polyelectrolyte effect. Zwitterions have
a higher dipole moment than other electrically neutral molecules because the cationic and
anionic parts are connected by organic linkers, which restricts the distance between them. This
results in remarkable ion—dipole or dipole—dipole interaction between ZPs and other molecules.
Generally, polyelectrolytes (PEs), which have a net charge, have a stretched chain conformation
in pure water but take on a collapsed conformation in salt solutions because of the screened
electrostatic repulsion between or within the PE. This is called the polyelectrolyte effect. On
the other hand, ZPs are known to show an anti-polyelectrolyte effect, in which the polymer
becomes much more soluble in the salt solution, but this is highly dependent on the nature of
the ZP, temperature, and concentrations of salt and ZPs. Among the common zwitterionic
monomers for synthesizing ZPs, sulfobetaine methacrylate (SBMA) with quaternary
ammonium and sulfonate groups, which is commercially available, is a widely used monomer
for ZP synthesis. Recently, sulfobetaines based on vinyl pyridine (SBVP) and vinyl imidazole
(SBVI) monomers suitable for radical polymerization have also been developed. In particular,
the imidazolium cation is distinct from the ammonium cation because its positive charge is
delocalized in a five-membered aromatic ring, and it can form non-covalent interactions with
other molecules, including ©-w, cation-mt, and anion-mw interactions.

Here, we newly fabricated physically cross-linked graphene hydrogels through cation-n
interaction with zwitterionic imidazolium-based polymers. We established facile and novel
synthetic methods for fabricating graphene hydrogels by using microwave irradiation which
induces exfoliation of graphite and polymerization simultaneously.

In this presentation, extremely simple method to fabricating graphene hydrogels and their
electrochemical performances, adhesive, reusable, and robustness properties will be discussed.

[Reference] I. K. Han, J. Han, Y. S. Kim* “Liquid-to-Solid Phase Transitions of Imidazolium-
Based Zwitterionic Polymers Induced by Hofmeister Anions”, Chem Asian J. 2021, 16, 1- 5.
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Biofunctional materials constructed by hierarchical organization of
self-assembling peptides

(‘Graduate School of Engineering, Kyushu University) ORie Wakabayashi'
Keywords: Self-assembly; Peptides; Biofunctional materials; Enzymatic reaction; Drug
delivery system

Peptide amphiphiles (PAs) self-assemble to form various nanostructures in aqueous
media depending on the molecular design, assembly pathway, and environment.
Supramolecular materials based on PAs show unique (bio)functions, such as binding to
and/or controlling biomolecules/cells. Because the functions are highly influenced by the
structures of materials, it is of importance to control the supramolecular organizations. We
have focused on hierarchical organizations of self-assembling PAs: unit molecular pair,
supramolecular polymers, and supramolecular polymers post-modified with functional
molecules. To achieve these, we have developed novel strategies using co-assembly
system'? and enzymatic reaction’. In the presentation, supramolecular strategy for
hierarchical organization of self-assembling PAs and post-modification of the assemblies as
well as the latest results on the applications for drug delivery system, and multi-enzymatic
reactions will be discussed.
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1) R. Wakabayashi et al., Chem. Commun. 2019, 55, 6997. 2) R. Wakabayashi et al., Chem. Commun.
2022, 58, 585. 3) R. Wakabayashi et al., Chem. Commun. 2019, 55, 640; R. Wakabayashi et al., Int. J.
Mol. Sci. 2021, 22, 3459.
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Near-Infrared Fluorescent Polymeric Micelles for The Sentinel
Lymph Node Imaging of Breast Cancer

(‘Department of Biomedical Engineering, Chung Yuan Christian University, Taiwan,
2National Institute of Infectious Diseases and Vaccinology, National Health Research
Institutes, Taiwan) OMing-Fs Hsieh,' Jui-Ting Hsiao,' Tai-Wei Feng,! Ming-Hsi Huang,?
Keywords: Near Infrared Fluorescence, Surgical Navigation, Polymeric Micelle,
Nanoparticles

The gold standard of sentinel lymph node for breast cancer surgery is based on the
use of lymphoscintigraphy and blue-dye injection. Owing to high cost of radionuclide
imaging and the short retention time of blue dye, near Infrared (NIR) fluorescent imaging
receives high attention.! However, the random diffusion with body fluid and poor
photo-stability are the main drawbacks for NIR dyes. To overcome the drawbacks,
nano-sized NIR nanoparticles (NPs) are considered better solution.? In the present study, we
have prepared NPs loading with newly synthesized NIR dye. The self-assembled poly
(ethylene glycol)-block-poly(e-caprolactone) micelles (PEG-PCL) having average
hydrodynamic particle size of 62.7 £ 0.6 nm are found to be suitable for
Interstitial/lymphatic fenestration. The in vitro releasing test showed that less than 10 % of
NIR dyes were released from NPs in 48 hours post fabrication of NPs in phosphate buffered
solution. In addition, the particle size of the NPs remained stable for at least 14 days.

It has been reported that the anti-PEG antibodies exist in the healthy people. That
leads to reduced therapeutic efficacy and adverse immune response when PEGylated drugs
are administered in patients. This study evaluated whether the PEGylated NPs consisting of
PEG-PCL copolymer and fluorescent dye can affect the fluorescent imaging in the mice
with pre-existing anti-PEG antibodies (IgG and IgM) in serum. To that purpose, we have
induced anti-PEG antibodies in mice by intramuscular injection of PEG. The ELISA was
used to detect the serum antibodies of mice. Then, an orthotopic breast cancer tumor in mice
bearing anti-PEG antibodies was established. The PEGylated fluorescent NPs were
subcutaneously injected around breast tumor. The IVIS Spectrum Imaging System was
employed to observe the fluorescent images and intensity. As a control group, phosphate
buffered solution was injected in mice. The concentrations of anti-PEG IgG and IgM in the
serum of mice were determined by ELISA assay. When a PEGylated fluorescent NPs were
injected in mice, the secondary immunity in mice was initiated. However, there was no
difference in the fluorescent intensity of PEGylated NPs (around tumor) as compared with
that of the control group (mice without anti-PEG IgG and IgM). In conclusion, this study
found that the fluorescent intensity of PEGylated NPs was not affected when the mice were
induced with anti-PEG antibodies.

1) I. Ali, Polymers 2020, 12, 598. 2) N. V. Cuong, J. Mater. Chem. 2012, 22, 1006.
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OKe-Hsuan Wang', Takeshi Kawai' (1. Tokyo University of Science)
3:10 PM - 3:25 PM
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[W2-2pm-09] Development of new synthetic methodologies for metal
nanoparticle/MOF composites
9Yohei Takashima' (1. Konan University)
3:25 PM - 3:40 PM
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Molecular Assembly of Biomimetic Systems

(Mnstitute of Chemistry, Chinese Academy of Sciences (CAS), China)
OlJunbai Li!, Yi Jia!
Keywords: Molecular assembly, Biomimetic systems, Motor proteins, Peptide

Molecular biomimetics is mimicking the structures and functions of biological systems
at the molecular scale via molecular assembly of biomolecules or synthetic components.
Molecular assembly of biomimetic systems can not only serve as experimental models for
guiding research on biological evolution in organisms, but also open up new avenues for the
design of multifunctional materials with a wide range of applications. In this lecture, we
will introduce our recent progress on the molecular assembly of natural molecular machines
“motor proteins” into active biomimetic systems, as well as the controlled self-assembly or
co-assembly of aromatic dipeptides. The biomedical applications of these biomimetic
assemblies, including drug delivery and anticancer therapy are highlighted.
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Functionalization of Photoresponsive Molecular Assemblies Using
the Inner Environments
(!Faculty of Science and Technology, Tokyo University of Science, Japan)

oMasaaki Akamatsu'
Keywords: Photochromism, Surfactant, Micelle, Confined space, Controlled release

1. Introduction —
Photoresponsive surfactant

i i
. ]
Photoresponsive molecular ; hy ;
. . . . . I —_— |
assemblies have promising applications, i — "N
i helA !
such as controlled release of drugs or  i---- T
active components and efficient heat hv .f'w a.
. . —_— .
transfers (Fig. 1). However, conventional PE— - i’\ 5
systems require minutes or hours to Drug or ™\ _\.'
. .. .. . active components a ~
induce significant variations in the Solubilization Release

properties, that is problematic for the  Fig. 1. Controlled release by using
practical applications. Lophine dimer that photoresponsive  molecular  assemblies.
rapidly dissociates into two lophyl radicals upon ultraviolet (UV) light irradiation, and these
radical species thermally recover to the initial dimer through recombination (Fig. 2).
Although this thermal recombination reaction is extremely slow owing to free diffusion of
the radicals in solution, Abe accomplished rapid recombination by covalently bounding two
lophine units to inhibit diffusion of the radicals'. We also demonstrated accelerated
recombination of simple lophine dimers, solubilized in a micellar solution®. This result
indicates that inside of the micelles are useful for rapid recombination of the lophyl radicals.
In this work, we tried rapid control of interfacial properties with the amphiphilic lophine
dimers upon UV light irradiation. Furthermore, we monitored rapid morphological changes
in the amphiphilic lophine dimer micelles 0

R OR OR
and demonstrated photo-induced rapid (?P oV @ ot}
—: - 3ot
N NN ] 3

controlled release of a solubilizate by N7 i 2 NON
using an in-situ small-angle neutron R
scattering (SANS). Fig. 2. Photoisomerization of the amphiphilic

LPD (3TEG-LPD).
2. Experiment

The amphiphilic lophine dimer (3TEG-LPD) was synthesized (Fig. 2). Surface tension
measurements were performed with the Wilhelmy plate method. SANS measurement of 5.0
mM 3TEG-LPD in D,O was performed on SANS instrument (J-PARC MLF, BL-15
TAIKAN) equipped with an UV light irradiator and an UV/vis absorption spectrometer.

3. Results and Discussion
The photoisomerization of the amphiphilic lophine dimer (3TEG-LPD) in water was
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evaluated by changes in the absorption band owing to the lophyl radial on the UV/vis
absorption spectra upon UV light irradiation. The recombination rate of the lophyl radicals
on a micellar solution of 3TEG-LPD was accelerated 800-fold in comparison with that in an
organic solvent owing to restricted diffusion of the radical species. This result indicates that
the confined and highly concentrated amphiphilic lophine dimer derivatives show rapid
recombination of the lophyl radicals produced by UV light irradiation.

Rapid control of an interfacial property was investigated by using 3TEG-LPD. The
static surface tension on the aqueous 3TEG-LPD solution decreased within several ten
seconds upon UV light irradiation. Afterward, when the photoirradiation stopped, the
surface tension immediately recovered to the original value. These reversible changes were
repeatedly observed. The decrease in the surface tension value upon UV irradiation
suggested that the produced lophyl radical, which is less bulky than the initial dimer form,
efficiently adsorbs at the air/water interface. After the irradiation was stopped, the
recombination of the lophyl radicals readily proceeded in the micelles of the bulk phase or
in the Gibbs monolayer formed at the air/water interface. From these results, we
successfully demonstrated reversible and quick control of the surface tension using fast
dissociation of the lophine dimer upon photoirradiation and accelerated the recombination
of the radicals in the micelles.

. P —
Next, we  have  monitored 20 o Initial
morphological  changes in  the 1 o -+ B\a/rk

3TEG-LPD micelle by using SANS.
Fig. 3 showed the in-situ SANS results
of 3TEG-LPD in D:0. By UV light i oy Fergated §
irradiation, the SANS profiles changed 4 ‘% AZ%
rapidly and reversibly, which is due to 2 Prolate ellipsoids
elongation of the 3TEG-LPD micelle. 0-08 o1 2 3 4567 0.1 2 3 45

/A7
release of calcein as a model drug, 9
solubiliozed in the 3TEG-LPD micelle Fig. 3. SANS profiles of 3TEG-LPD in D,O
under UV light irradiation.

—1
B

1(q)/cm
o

Furthermore, rapid photo-induced

was successfully monitored by a
fluorescence spectroscopy and the in-situ SANS.

In conclusion, we successfully demonstrated accelerated photoimisomerization of
amphiphilic lophine dimers with inside of the micelles and rapid control of surface tension
of the aqueous solution by UV light irradiation. in-situ SANS measurements revealed rapid
morphological change in the micelle and controlled release of the model drug*.

References 1) J. Abe et al. J. Phys. Org. Chem. 2007, 20, 857. 2) M. Akamatsu, H. Sakai, et
al. Chem. Lett. 2018, 47, 113. 3) M. Akamatsu, K. Kobayashi, K. Sakai, H. Sakai. Chem.
Commun. 2019, 55, 9769. selected as outside back cover 4) M. Akamatsu, K. Kobayashi, H.
Iwase, Y. Sakaguchi, R. Tanaka, K. Sakai, H. Sakai. Sci. Rep. 2021, 11, 10574.
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Effect of Molecular Distortion on the Optical Properties of
Carotenoid-Based Nanoparticles

(Institute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku University)
ORyuju Suzuki
Keywords: Carotenoids, Nanoparticles, Reprecipitation, Molecular Distortion

Certain vegetables and fruits produce carotenoid compounds during their ripening process,
which gives them vivid yellow, orange, or reddish colors. The optical properties of carotenoids
are of practical importance in the food industry as well as in nature, where they are widely used
as natural pigments in various food products. Unlike typical organic pigments, which have a
rigid, aromatic-based molecular structure, carotenoids have flexible molecular structures
derived from polyene skeletons (Fig. 1a: f-carotene is one of the carotenoids found in carrots).
This means carotenoid molecules are easily distorted in response to stress and change their
properties. Interestingly, the absorption spectrum of carotenoid nanoparticles obtained by
reprecipitation is known to be blue-shifted compared to that of bulk crystal (Fig. 1b). In this
study, the optical properties of carotenoid-based nanoparticles was investigated through
detailed structural analysis where I predicted that the structural factor of molecular distortion
plays an important role in influencing carotenoid optical properties.

Carotenoid-based NPs were obtained with < 100 nm in diameter by reprecipitation
method.' Using transmission electron microscopy, electron diffraction analyses, and powder
X-ray diffraction measurements, it is revealed that obtained nanoparticles comprised two
domains: a crystalline domain and an amorphous domain (Fig. 1¢). Raman spectroscopy was
then used to evaluate the effective m-conjugation length of the carotenoids. It is known that the
peak position of the Raman band assigned to the C=C stretching vibration (vi) correlates with
the length of the m-conjugation length of the carotenoid polyene chain.? Detailed analysis of v;
Raman band showed that NPs include the molecules that shortened effective m-conjugation in
their amorphous domain, suggesting the molecules are distorted (Fig. 1c¢). Furthermore, 1
revealed a correlation between the absorption spectra and the extent of carotenoids distortion -
labelled effective m-conjugation lengths. This led to the conclusion that molecular distortion
strongly affects optical properties.

(a) (c) - ‘,
) e e e G\ W e N FR . A Less
B  distorted

B-Carotene

(b)
—_— .
reducing 1 , .
particle size - crystalline

Fig. 1 (a) Chemical structure of S-carotene (b) S-carotene particles dispersion that change color as
particle size reduction (c) f-carotene nanoparticle taken by a cryo-transmission electron microscope
References: 1) H. Kasai et al., Jpn. J. Appl. Phys., 1992, 31, 1.1132.2) J. C. Merlin, Pure & Appl. Chem.,
1985, 57, 785.
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Acquisition of the pair potential from the structure factor by the
model-potential-free method: Study in monodisperse and
polydisperse colloidal dispersion systems

(Faculty of Agriculture, Meijo University)

OKen-ichi Amano!

Keywords: Inverse analysis; interaction; density distribution; monodisperse/polydisperse;
Boltzmann distribution

Acquisition of the pair potential between the colloidal particles from the measured data
of small angle x-ray scattering (SAXS) is an important topic for studies of electric double
layers, polymer induced interactions, dispersion stabilities, and aggregations of the colloidal
particles. For acquisition of the pair potential, model pair potentials such as
Derjaguin-Landau-Verwey-Overbeek (DLVO) potential and Yukawa potential are generally
used in the analysis. However, when shape of the real pair potential is not similar to the
model pair potential, the model-potential-free analysis should be conducted. In addition, if
the real pair potential is obtained from the model-potential-free analysis, it leads to more
correct understanding of the interaction. Hence, we recently developed the
improved-model-potential-free (IMPF) method for monodisperse colloidal dispersion
systems.! Calculation of the pair potential without the model potential is difficult, because it
is difficult to accurately obtain the structure factor (the input data) up to wide angle.
Fortunately, however, the IMPF method has shown the acquisition skill by using the
statistical mechanics of liquids (Ornstein-Zernike equation coupled with a closure equation:
OZ-closure), Nelder-Mead ranged annealing (NMRA) method, the sparse modeling, and the
power law. After development of the IMPF method, we started the challenge of the
development of the IMPF method for polydisperse systems also (we call it IMPFP method),
because most of the colloidal dispersion systems are polydisperse. Although the program of
the IMPFP method is under construction now, we show the simple calculation flow in Fig. 1.
In the presentation, we will explain the theories of the IMPF and IMPFP methods in more
detail. In addition, the latest calculation results will be also shown.

Inverse matrix Reverse operation o
Kg) F(q)? Fg) [p\u‘l law
Intensity factor ' Squared form factor of particle i © Form factor of particle i ;\1 RA '"C;I'I"d
A Sparse modeling
Hu(i‘) Averaging Sr',-‘(q) Derjaguin np.pruxinwli(_m
Pair potential between particles i and j ¥ Structure factor between particles i and j \ OZ-closure for polydisperse system

Fig. 1 Calculation flow of the IMPFP method. In the polydisperse colloidal dispersion system, there
are many particles with various diameters. The particle diameters are identified with identifier i and ;.
1) K. Amano, R. Sawazumi, H. Imamura, T. Sumi, K. Hashimoto, K. Fukami, H. Kitaoka, N. Nishi,
and T. Sakka, Chem. Lett. 2020, 49, 1017.
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Self-assembled Mesoporous Nano- or Microstructure for Energy
Storage and Sensing Application

(*Center for Functional Sensor & Actuator (CFSN), National Institute for Materials Science
(NIMS), 1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan., * International Center for Materials
Nanoarchitectonics (WPI-MANA), National Institute for Materials Science (NIMS), 1-1 Namiki,
Tsukuba, Ibaraki 305-0044, Japan.) O Subrata Maji,! Genki Yoshikawa,'? Lok Kumar
Shrestha?

Keywords: Supramolecular Assembly;, Fullerene, Porous architecture, Energy Storage;
Sensing

Fullerenes Cgo or C7o could be effective building blocks as they are composed by sp?
carbon atoms with extended conjugation of m-electrons and readily undergoes supramolecular
self-assembly forming various microstructures from zero to higher dimensions.!” These self-
assembled fullerene micro/nanostructures can freely be controlled by solvent engineering and
temperature change. Introduction of pores (micro-, meso-, or both) in fullerene crystals
drastically increases the effective surface area leading to great utility in energy storage and
sensing applications."* Here, we present the fabrication of dimensionally controlled fullerene
micro/nanostructures by simple liquid-liquid interfacial precipitation method (LLIP). These
fullerene micro/nanostructures could be directly transformed into mesoporous structure by high
temperature (900 °C) heat treatment or chemical modification. Heat treated mesoporous carbon
derived from fullerene having m-electron conjugation within the sp’-carbon with robust
frameworks shows excellent electrochemical supercapacitive performance far better than
commercial active carbons or nanocarbons such as graphene. Porous fullerene
micro/nanostructure performs as an excellent sensing system for volatile organic compounds
(VOCs) owing to their easy diffusion through the mesoporous architecture and strong n-m
interactions with the sp2 carbon-rich pore walls. Porous fullerene structure has been used as
sensing system in conjunction with a quartz crystal microbalance (QCM)* and with
nanomechanical Membrane-type Surface tress Sensor (MSS).’

1) P. Bairi, S. Maji, J. Mater. Chem. A 2019, 7, 12654. 2) Q. Tang, S. Maji ACS Nano 2019, 13, 14005.
3) L. K. Shrestha, Chem. Asian J. 2013, 8, 1662. 4) P. Bairi, ACS Nano, 2016, 10,6631. 5) G. Yoshikawa,
Nano Lett. 2011, 11, 1044.
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Colloidal Particles at Interfaces: from Fundamentals to Functional
Materials

(!Department of Chemistry, The Chinese University of Hong Kong, *School of Chemical and
Material Engineering, Jiangnan University) OHang Jiang,” Yunxing Li,” To Ngai'
Keywords: Particles at interfaces, Pickering emulsions, Colloidosomes, Interfacial catalysis

The phenomenon of adsorption of solid particles at fluid interfaces to stabilize emulsions
or foams have been known for more than a century. Today, particle-stabilized emulsions, often
referred to as Pickering emulsions, are receiving growing attention as they are encountered in
oil recovery and have long been used in personal care products and food industry. Pickering
emulsions have been stabilized by inorganic, polymer-based and protein-based particles. They
are also used as template to prepare colloidosomes and hierarchically porous materials.

In the first part, we demonstrated that two types of plant-derived particles, namely zein
nanoparticles (ZNPs) and cellulose nanocrystals (CNCs), can be used as stabilizers in a facile
one-step emulsification process to generate an all-natural water-in-oil-in-water (w/o/w)
Pickering double emulsion. The simultaneous adsorption of ZNPs and CNCs effectively
stabilizes both external and internal emulsion droplets with different curvatures. The formation
and stabilization mechanism of such double emulsion were shown to involve as the formation
of amphiphilic aggregates by ZNPs and CNCs, as well as the phase inversion process. The co-
encapsulation of both polar and apolar cargos (e.g., B-carotene and epigallocatechin gallate,
EGCQG) in our prepared all-natural double emulsions was achieved with better protection in
different environments. This study presents a novel and efficient approach to prepare a green
and renewable Pickering double emulsion, which could be valuable for potential applications
in foods, pharmaceutics and cosmetics'.
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In the second part, we reported hydrophobized proteinaceous colloidosomes to act as both
colloidal emulsifier and enzyme carrier, achieving a breakthrough in protein-based w/o
Pickering interface biocatalysis (PIB) system. The engineering proteinaceous colloidosome is
formed using an oil-in-(ethanol/water)-in-oil double emulsion stabilized by commercially-
available silica particles with zein as the skeleton, physically modifying the colloidal
proteinaceous stabilizer with hydrophobicity and immobilizing enzyme simultaneously.
Furthermore, magnetic responsiveness is imbedded in the colloidosome, allowing for rapid
enzyme recovery. As compared with biphasic and conventional w/o emulsion (enzyme in
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droplets) catalysis, this novel PIB system shows superior catalytic efficiency. In addition, from
materials to synthesis, the preparation of such proteinaceous colloidosomes is facile and in
accordance with the concept of green and sustainable chemistry. Therefore, it is promising for
more potential applications in food and bioengineering, as well as bio-materials.>
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Double emulsion template

1) YX. Li, SJ. Gong, X. Guan, H. Jiang, SN. Tao, Y. Cheng, T. Ngai, Adv. Mater. Interfaces 2021,
2101568, 3835. 2) H. Jiang, XF. Hu, YX. Li, Y. Cheng, T. Ngai, Chem. Sci. 2021, 12, 12463.
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Development of Immobilized Molecular Catalysts for CO:
Transformation Reactions

(*Graduate School of Pharmaceutical Sciences, Tokushima University, *National Institute
for Materials Science (NIMS), 3Graduate School of Frontier Sciences, The University of
Tokyo) OSangita Karanjit," Emiko Tanaka,' Masaya kashihara,® Atsushi Nakayama,® Lok
Kumar Shrestha, Katsuhiko Ariga,>® Kosuke Namba®

Keywords: heterogeneous catalyst, carbon dioxide conversion, Silver catalyst

CO; emission has been one of the greatest problems in recent years because it is the
most important cause of global warming. Great efforts have been implemented for
developing the strategies to reduce CO; levels in the atmosphere. Conversely, this gas has
been regarded as a nontoxic, abundant, nonflammable, and renewable one-carbon (C1)
feedstock for the synthesis of a variety of value-added chemicals. On this aspect, chemical
fixation is one of the attractive and effective way to utilize CO,, however, only small
amount of such an abundant material is utilized for its conversion into various value-added
products through chemical synthesis because of its high thermodynamic stability and kinetic
inertness.

There have been numerous advances on the metal-catalyzed synthesis of various
organic compounds utilizing CO- as a C1 source where major challenges have been faced
for designing, evaluating and finding more efficient catalyst for the chemical transformation
of CO.. The reactions of CO, with unsaturated alcohols and amines to afford carbonates and
carbamates through carboxylative cyclization process is a promising green route to convert
CO,. These compounds have wide range of application in organic synthesis for being
important building blocks and potential biological activity. Silver has the potential to
activate alkynes and has been extensively studied for chemical transformation of CO,. Most
of the studies have concentrated on homogeneous catalysis using relatively large amounts of
Ag based catalysts’. Compared to homogeneous systems, heterogeneous system is
advantageous for development of green and sustainable society in terms of good activity
and reusability. To date, very few heterogeneous catalysts for this transformation including
Copper and Silver are reported. In this context, solid immobilized molecular catalysts with
ligands supported on silica, metal oxide and polymers by covalent grafting could be an ideal
choice

The solid materials such as Hydrotalcite (HT) and silica (SiO>) are applied extensively
in catalysis. The presence of hydroxyl groups makes them an active support for
immobilization of various transition metals. The immobilization of catalyst on solid
supports not only transfers the catalytic property of homogeneous catalyst to a
heterogeneous catalyst, combining the advantages of both homogeneous and heterogeneous
catalyst, but also is an important requirement of chemical industry for the ease of separation
and recovery of a catalyst from the reaction mixture. Alkoxysilane linkage is one of the
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easiest ways to link homogeneous or heterogonous catalyst on solid surface. Herein, we
carry out the CO; transformation reactions with propargyl alcohols and amines using
heterogeneous Silver catalyst on functionalized HT and silica. The active catalysts were
synthesized or generated in situ which carry out the reaction under mild condition with good
activity and reusability. The catalysts prepared were quite stable, versatile and could be
stored without the need of protective atmosphere.
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1) S. Kikuchi, S. Yoshida, Y. Sugawara, W. Yamada, H.-M. Cheng, K. Fukui, K. Sekine, I. Iwakura, T.
Ikeno, T. Yamada, Bull. Chem. Soc. Jpn. 2011, 84, 698-717.
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Deposition of Nanostructured Nickel Oxides by Amino Acid
Chelated Complexes: Benefits of Mixed Side Chains on the
Formation of Nanostructures for Energy-efficient Electrochromic
Windows

(Department of Industrial Chemistry, Tokyo University of Science) OKeHsuan Wang,
Takeshi Kawali,

Keywords: FElectrochromic metal oxides; X-ray absorption fine structure; Methyl side
chain; Aromatic side chain; Energy-saving material

To accomplish specific climate control tasks
in buildings, electrochromic (EC) windows must 0.4

—
exhibit acceptable levels in specific performance ) 91.3 Com? 76-400"1/'
indicators. Nickel oxide (NiOx) has shown o3l TN H //55-506'“2 1
promise for use as switchable glazing in EC S 02 = H?—( i
windows. However, the poor optical memory and ™ —
cycling stability of NiOy limited its commercial 0.1} . NOAE
exploitation. Here, we present a strategy for = NiOwPhe
electrodepositing a nanostructured EC NiOx by % 5.002 0.004 0,006

controlled release of Ni(Il) ions from L-alanine afeend

and phenylalanine ligands. Our main finding was that the sample deposited from rapid
release of Ni(Il) ions from L-alanine ligands had a relatively smooth surface morphology
consisting of closely packed nanodeposits. This structure yielded great improvements in the
cycling stability and coloration efficiency (CE). By contrast, the slow release of Ni(II) ions
from phenylalanine ligands resulted in the formation of conglomerated island structures,
which caused a low CE and poor cycling stability. However, the bulky aromatic side chains
on phenylalanine could passivate the sample surface, thereby improving its optical memory.
The aromatic side chains also contributed to the charge transfer between the solid-liquid
interface of the sample. Critically, samples prepared from the mixed L-alanine and
phenylalanine complexes showed greatly improved EC performance without compromising
its superior optical memory and rapid charge transfer characteristics. We believe that this
manuscript is suitable for publication by your journal because it provides new insights for
the preparation of energy-saving EC oxide nanostructures via amino acid complexes, where
the compositions and morphologies have the potential to be further developed.

1) Wang et al, Appl. Surf. Sci 2021, 568, 150914. 2) Wang et al, ACS Appl. Nano Mater: 2020, 3,
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Development of new synthetic methodologies for metal
nanoparticle/MOF composites

(Department of Nanobiochemistry, Frontiers of Innovative Research in Science and Technology
(FIRST), Konan University) OYohei Takashima
Keywords: Metal-Organic Framework; Metal Nanoparticle; Palladium; Silver

Metal-organic frameworks (MOFs) or porous coordination polymers (PCPs) are new
types of porous materials composed of metal ions and organic ligands. Unlike to conventional
porous materials such as zeolite and mesoporous silica, their porous properties can be more
easily designed by judicious choice of metal ions and organic linkers'. Until now, countless
numbers of MOFs have been synthesized as host materials not only for gas molecules? but also
for other bigger compounds such as organic dyes’, polymers®, metal nanoparticles® and so on
to obtain functional composites.

Among various kinds of composites with MOFs, the hybrids with metal nanoparticles
have attracted great attention over the years because of their high catalytic activities or unique
plasmonic propeties. Typically, metal NPs were synthesized by the reduction of metal NP
precursors inside MOF pores with H, gas or NaBH4 aqueous solution. Especially, gas phase
reduction is advantageous from the point of homogeneity; the gas would easily spread over the
MOF pores for the following reduction. Actually, many kinds of metal NPs-MOF hybrids have
been synthesized with H, gas®. However, precise or perfect control of metal nanoparticle
generation inside MOFs are still not easy.

In this presentation, I would introduce our recent examples’ aiming for the precise control
of metal nanoparticle generation inside MOFs. Their syntheses and functionalities would be
discussed in detail.

NP precursor@MOF NP/ MOF Hybrid

1) S. Kitagawa, R. Kitaura, S. Noro, Angew. Chem. Int. Ed., 2004, 43, 2334. 2) M. Latroche, S. Surblé,
C. Serre, C. Mellot-Draznieks, P. L. Llewellyn, J.-H. Lee, J.-S. Chang, S. H. Jhung, G. Férey, Angew.
Chem. Int. Ed., 2006, 45, 8227. 3) R. W. Larsen, L. Wojtas, J. Perman, R. L. Musselman, M. J. Zaworotko,
C. M. Vetromile, J. Am. Chem. Soc., 2011, 133, 10356. 4) T. Kitao, Y. Zhang, S. Kitagawa, B. Wang, T.
Uemura, Chem. Soc. Rev., 2017, 46, 3108. 5) Q.-L. Zhu and Q. Xu, Chem, 2016, 1, 220. 6) Y. Huang, Z.
Lin, R. Cao, Chem. Eur. J., 2011, 17, 12706. 7) Y. Takashima, Y. Sato, T. Tsuruoka and K. Akamatsu,
Dalton Trans., 2020, 49, 17169; Y. Takashima, Y. Sato, N. Kubo, T. Tsuruoka and K. Akamatsu, Chem.
Lett., 2021, 50, 244.
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Fabrication of Functional Polymers Based on Coordination Templatology
(*Graduate School of Engineering, The University of Tokyo) oTakashi Uemura'

Metal-Organic Frameworks (MOFs) composed of metal ions and organic ligands have been
extensively studied. The characteristic features of MOFs are highly regular channel structures
with controllable pore sizes approximating molecular dimensions and designable surface
functionality. Use of their regulated and tunable channels as hierarchical templates can allow
multi-level controls of resulting polymers via in-situ polymerization or polymer separation.
Keywords : Metal-Organic Frameworks; Polymer
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Figure 1. Controlled polymerization using MOF templates.
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Development of Coordination Nanospaces for Molecular Recognition Tools
(Lab. for Chem. & Life Sci., Tokyo Tech) (OMichito Yoshizawa

Abstract: The coordination bond is a useful chemical tool for the facile preparation of
three-dimensional nanostructures. There have been numerous reports on
coordination-driven capsules and cages with organic ligands consisting of small
aromatic rings (e.g., benzene and naphthalene) and/or wire-like spacers (e.g.,
acetylene and amide). However, coordination nanostructures bearing ligands with
large polyaromatic panels remained uncommon until around 2010. Thus, we
envisioned that the successful development of coordination-based capsules and
cages comprising polyaromatic frameworks would engender unique host abilities,
toward not only synthetic molecules but also biomolecules, in a new class of the
coordination nanospaces. Here we report on our recent investigation into the
syntheses and host functions (e.g., molecular recognition ability) of coordination
nanostructures with well-defined cavities surrounded by multiple polyaromatic panels.

Keywords: Coordination bond; Nanospace; Molecular recognition; Template

AES L. BB A Y E BRI FH SHEALARBEPKE S D= RTEER% BE
[CERTEZBEARY—=ILTH B, EDDIF BF/ A—=MNILTAZXDAHTEILEP
T—IBBERDOER TIE ZEEORABE TERO D F/IN—Y 2L R TEET ZHEN
HZ3H. FAEREEEESPARENREZITEVWKEREEVC -t HEERRE L
&L T, BAESIEEDBEMICHEEET %,

MEOHRITIL—TFTIE. P> FILiE ML ML M:EBAA>, LA
BRI T) D= RITEEERICEB U T . ENS OBIRICLBRNIRE R TFER/NRIL,
ERAADCET FHLWI A TORMNER E 22 TEERER ) 2R L TEL",
ERIC, 7Y M TEY/IRRIVEBFAALLE MLLEBROBERA 7LV —Y, 2
DOAT I EEHUVLFERY I AT GBEDEBEEZER L (B1), Bk
D ML KT, fOFER/NRIL (FPO7VYYZILAYIeEROT7 YV, +7%
LyiE) ZFRUEFERATEILBIERTE 2, S5, BELRIEN & FZ8]E
EHEF DO, ChSDFFEREMET Y 7L—bF (=88) L UTHAT D ET.
KINER BEBRDFPEEDFERWICH DBRWICHIETCEZ 2 BH U .,
ZDHIE. BAKHRY CH-n/ - BE/ER. KR‘EEBRENEHNTEZRICEL Z
EICERYT %, NS DRELRD THRER. FER/\RILEES TR WETHROE (122
BVYRAESUAD SR D EMER TIHER TE TWRW, AEKRTIE, "EehIZEH,
ETFEBRRIRILIDINA TV Yy RICEB UTLAAEDIAREEE & BREEBNT 25",

© The Chemical Society of Japan -B103-2am-02 -



B103-2am-02 AAL2a B1025S452 (2022)

B1 FERZEEZET 25RR BRRITEEE

References: [1] N. Kishi, Z. Li, K. Yoza, M. Akita, M. Yoshizawa, J. Am. Chem. Soc.
2011, 133, 11438—11441. [2] M. Yoshizawa, L. Catti, Acc. Chem. Res. 2019, 52, 2392—
2404. [3] M. Yamashina, T. Tsutsui, Y. Sei, M. Akita, M. Yoshizawa, Sci. Adv. 2019, 5,
eaav3179. [4] K. Matsumoto, S. Kusaba, Y. Tanaka, Y. Sei, M. Akita, K. Aritani, M.
Haga, M. Yoshizawa, Angew. Chem. Int. Ed. 2019, 58, 8463-8467. [5] K. Niki, T.
Tsutsui, M. Yamashina, M. Akita, M. Yoshizawa, Angew. Chem. Int. Ed. 2020, 59,
10489-10492. [6] H. Dobashi, L. Catti, Y. Tanaka, M. Akita, M. Yoshizawa, Angew.
Chem. Int. Ed. 2020, 59, 11881-11885. [7] N. Kishida, K. Matsumoto, Y. Tanaka, M.
Akita, H. Sakurai, M. Yoshizawa, J. Am. Chem. Soc. 2020, 142, 9599-9603. [8] T.
Tsutsui, L. Catti, K. Yoza, M. Yoshizawa, Chem. Sci. 2020, 11, 8145-8150. [9] R.
Sumida, Y. Tanaka, K. Niki, Y. Sei, S. Toyota, M. Yoshizawa, Chem. Sci. 2021, 12,
9946-9951. [10] Y. Katagiri, Y. Tsuchida, Y. Matsuo, M. Yoshizawa, J. Am. Chem. Soc.
2021, 143, 21492-21496. [11] M. Yuasa, R. Sumida, Y. Tanaka, M. Yoshizawa, Chem.
Eur. J. 2022, 28, in press.

© The Chemical Society of Japan -B103-2am-02 -



© The Chemical Society of Japan

B103-2am-03

BARtEESR B102EFEFR (2022)

04 FAKFIZDLBEREFDOT T L— MEe

(BEBF) A e
Template Effects of Huge Colloidal Lattices in Water
(RIKEN) Yasuhiro Ishida

We have been studying huge lattice structures formed by various colloids dispersed in water,

which are magnetically oriented over a macroscopic size scale.

In the lattices, colloidal

particles strongly interfere with each other via van der Waals attraction and electrostatic

repulsion, so that the whole system behaves like a huge single crystal.

In this talk, unique

structures and functions of such lattices will be discussed.

Keywords :
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Highly functional carbon materials based on templatology (4ddvanced Institute for Materials

Research (WPI-AIMR), Tohoku University) OHirotomo Nishihara

It is possible to synthesize three-dimensionally tailored carbon materials which are
replicated from template substances such as zeolites and organic micelles. While such
conventional template method focuses simply on the nanostructure replication, our group
extends the concept to the replication including not only nanostructures but also
molecular-level information, for example molecular-structure replication of organic crystals,
and replication of graphene-growth sites on inorganic nanoparticles. This lecture will focus
on the highly functional carbon materials synthesized by such a new methodology, namely
"templatology". The bottom Figure shows an example of the synthesis scheme for ordered
carbonaceous framework (OCF) via carbonization of porphyrins. While it has been difficult
to control pyrolysis of organic substances as well as the formation reactions of carbonaceous
matters, we have demonstrated that a proper molecular design enables the formation of
crystalline OCFs which inherit the structural information of parent molecular crystals."
Keywords : Graphene; Porous Carbons; Ordered Carbonaceous Frameworks, Catalysis,;
Batteries
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Toward templatology of photo-excited triplet state (' Graduate School of Engineering, Kyushu
University, “JST-PRESTO) ONobuhiro Yanai'?

Photo-excited triplet state of organic molecules has interesting features such as a long
excitation lifetime of about milliseconds and a large electron spin polarization at room
temperature. Taking advantage of these features, it is expected to create functions that can be
achieved only with molecular excited triplet. In this talk, I will introduce recent topics of triplet-
based functions including photon upconversion, which is a wavelength conversion from low
energy light to higher energy light, and nuclear hyperpolarization, which improves the
sensitivity of NMR and MRI. I will also discuss the possibility that structural control by
templatology can bring about further control of the triplet functions.

Keywords : Photo-excited triplet; Photon upconversion; Hyperpolarization, Templatology
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Fig. 1. Mechanism of TTA-UC.
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Molecular Engineering for Manipulating Excited, Charge-Transfer, and Charge-Separated
States (' Graduate School of Engineering, Kyoto University, *WPI-iCeMS, Kyoto University)
OHiroshi Imahori'*

In recent years, the importance of dynamic fluctuations and vibrations in molecular donor—
acceptor systems involved in the excited-state generation, charge separation, and charge
dissociation has gradually been revealed. Accordingly, by focusing on these dynamic effects
on behavior of electrons and spins associated with atomic nucleus and their collective
movements and introducing them into molecular design, we will be able to open up a new
molecular science and creative innovation. On the basis of the progress on the charge-transfer
photochemistry of porphyrin—fullerene linked systems as well as related donor—acceptor ones,
we have launched a transformative research project, “Dynamic Exciton: Emerging Science and
Innovation” where charge-transfer states are manipulated elaborately for energy conversion
such as high-performance organic photovoltaics and organic light-emitting diodes.

Keywords : Excited State; Charge-Transfer State; Charge-Separated State; Photochemistry;
Organic Photovoltaics
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Charge Transfer State Formed at Heterojunction Interface in Polymer Solar Cells (Graduate
School of Engineering, Kyoto University) OHideo Ohkita

Charge transfer states formed at heterojunction interface in polymer solar cells are one of the
most important transient intermediate species, which have a great impact on open-circuit
voltage as well as photocurrent generation in the devices. Herein, I will share with you our
recent study on the improvement in open-circuit voltage based on molecular design of
conjugated polymers for controlling charge transfer state formed at heterojunction interface in
polymer solar cells.

Keywords : Charge Transfer State; Heterojunction Interface; Polymer Solar Cell, Open-
Circuit Voltage, Molecular Design
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1) T. Fukuhara, K. Yamazaki, T. Hidani, M. Saito, Y. Tamai, I. Osaka, H. Ohkita, ACS Appl. Mater.
Interfaces 2021, 13, 34357-34366.
2) 1. Osaka, M. Saito, M. T. Koganezawa, K. Takimiya, Adv. Mater. 2014, 26, 331-338.
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Grasping motions of spins in charge-transfer states ('Molecular Photoscience Research Center
and’Graduate School of Science, Kobe University, Yasuhiro Kobori '

Elucidating donor-acceptor interactions in the field of photochemistry is one of the most
important highlights for applications to the electronics and energy conversions and can be
extended to resolve several medical issues like photodynamic therapy in view of the material
science. “Dynamic exciton”, an umbrella term concept in photochemistry, plays an important
role in several fields and is strongly related to nuclear motions, phonon modes and spin-orbit
interactions in the photochemical phenomena." In this respect, we have developed a novel tool
of the electron spin polarization imaging (ESPI) method that maps the transverse magnetization
for all possible magnetic field directions to visualize molecular conformations of the transient
states in a direct way using the nanosecond time-resolved electron paramagnetic resonance
measurements.” We herein show examples of the “visualizations of motions of spins” by
analyzing the ESPI mappings of the spins in the multiexcitons produced by the intramolecular
singlet-fissions” and in inhomogeneous charge-separated states” in organic solar cell.
Keywords : Organic Solar Cell; Charge-transfer, Singlet Fission; EPR; 3D Visualization
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1) H. Imahori, Y. Kobori, H. Kaji, Manipulation of Charge-Transfer States by Molecular Design:
Perspective from “Dynamic Exciton”. Acc. Mat. Res. 2021, 2, 501-514.

2) Y. Kobori, T. Ako, S. Oyama, et al., Transient Electron Spin Polarization Imaging of Heterogeneous
Charge-Separation Geometries at Bulk-Heterojunction Interfaces in Organic Solar Cells. J. Phys.
Chem. C 2019, 123, 13472-13481.

3) T. Hasobe, S. Nakamura, N. V. Tkachenko, Y. Kobori, Molecular Design Strategy for High-Yield
and Long-Lived Individual Doubled Triplet Excitons through Intramolecular Singlet Fission. ACS
Energy Lett. 2022, 7, 390-400.
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Development of Luminescent Organic Molecules Based on Diverse Charge Transfer States
Synergistically Generated from Molecular Shape and Elemental Property (Graduate School of

Engineering, Osaka University) OYouhei Takeda

The exploration of new photo-functions through controlling charge-transfer excited states
generating from electron donor-acceptor systems is an important research topic for the progress
of photonics and materials chemistry fields. By synergistically utilizing "molecular shape
(conformation)" and "elemental property" to design photofunctional molecules within our
original twisted donor-acceptor-donor scaffold, we have succeeded in developing a variety of
luminescent molecules such as stimuli-responsive thermally activated delayed fluorescence via

charge-transfer states and so on.
Keywords : Charge-Transfer State; Donor-Acceptor; Thermally Activated Delayed
Fluorescence; Stimulus Responsiveness; Conformation
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1) Data, P.; Takeda, Y. et al. Angew. Chem., Int. Ed. 2016, 55, 5739. 2) Data, P.; Takeda, Y.; Minakata, S. et al. J.
Am. Chem. Soc. 2020, 142, 1482. 3) Takeda, Y.; Data, P.; Minakata, S. et al. Chem. Sci. 2017, 8, 2677. 4) Takeda,
Y.; Data, P. et al. Chem. Commun. 2018, 54, 6847. 5) Takeda, Y.; Albrecht, K.; Yamamoto, Y. et al. Commun. Chem.
2020, 3, 118. 6) de Silva, P;; Takeda, Y.; Data, P. et al. ACS Appl. Mater. Interfaces 2021, 13,2899. 7) #a# : Takeda,
Y.; Data, P. et al. Chem. Commun. 2020, 56, 8884.
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Artificial Photosynthesis Utilizing Photosensitizers for Hydrogen and Hydrogen Peroxide

Production (Graduate School of Engineering, Osaka City University) O Yusuke Yamada

In order to realize a sustainable society, it is necessary to transform the conventional society
structure that solely relies on fossil fuels into one that focuses on natural energy such as solar
energy. However, sunlight intensity varies greatly with time and season so that energy leveling
technology is required. From this viewpoint, artificial photosynthesis has been attracting much
attention. This presentation will focus on the topics on hydrogen and hydrogen peroxide
synthesis using artificial photosynthesis systems using photosensitizers.

Keywords : Artificial Photosynthesis, Hydrogen Peroxide; Hydrogen, Photosensitizer
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1) H. Tabe, A. Kitase, Y. Yamada, Appl. Catal. B. 2020, 262, 118101.
2) Y. Yamada, H. Tadokoro, S. Fukuzumi, Catal. Today 2016, 278, 303.
3) Y. Yamada, et al. ChemPlusChem, 2016, 81, 521.

4) G. Sakamoto, H. Tabe, Y. Yamada, Catalysts, 2020, 10, 1015.
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Cancer theranostic using optical functions of photosynthetic bacteria (‘Graduate School of
Advanced Science and Technology, Japan Advanced Institute of Science and Technology) O
Eijiro Miyako'

Despite the growing promise of bacterial therapy, due to the tumor targeting effect, in solid
tumor treatment, most conventional therapeutic bacteria exhibit pathogenicity and insufficient
therapeutic efficacy in the tumor milieu. The living photosynthetic bacteria are applied in
cancer theranostics, using near-infrared (NIR) light. Photosynthetic bacteria exhibit strong NIR
reporter fluorescence, powerful photothermal conversion, excellent reactive oxygen species
generation, and contrasting photo-acoustic effects, via the energy transfer system of light
harvesting nanocomplexes in bacterial membranes, making photosynthetic bacteria useful for
highly targeted tumor elimination and precisely marking tumor location with the help of
immune system.

Keywords : Cancer, Photosynthetic Bacteria
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1) Optically activatable photosynthetic bacteria-based highly tumor specific immunotheranostics. X.
Yang, S. Komatsu, S. Reghu, E. Miyako, Nano Today 2021, 37, 101100.
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Material Design and Precise Analysis for Realization of Excellent Organic Light-Emitting
Diodes (Institute for Chemical Research, Kyoto University) OHironori Kaji

Conversion of originally dark triplet excitons into light is very important to realize highly
efficient organic light-emitting diodes (OLEDs) and thermally activated delayed fluorescence
(TADF) materials enable the conversion via reverse intersystem crossing (RISC). However, the
RISC in TADF materials has been slow and the rate-limiting process. Here, we show a new
material design concept realizing very fast RISC with a rate constant (krisc) exceeding 107 s
We also show different two design concepts for excellent OLEDs; one realizes accelerations of
both RISC and radiative decay by dynamic (and/or static) fluctuation effects and the other is
acceleration of RISC by the introduction of sulfur resulting in krisc over 108 s™. T will also talk
about a multiscale simulation method for predicting carrier transport and a high-throughput
material screening method for predicting rate constants of all relevant electronic transitions.
Keywords : OLEDs; TADF; RISC; High-throughput screening, Fermi golden rule
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