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K401

Symposium | Co-Innovation Program (CIP) | Chemo Informatics for
Beginners

[K401-Tam] Chemo Informatics for Beginners

Chair, Symposium organizer: Hikaru Takaya, Kazuhiro Matsumoto
9:00 AM - 11:40 AM K401 (K401, Lecture Hall Bldg. [4F])

[K401-1am-01] Materials Informatics: Overcoming
Barriers of Limited Data
ORyo Yoshida' (1. The Institute of Statistical
Mathematics)
9:10 AM - 10:10 AM
[TK40101-03-3add] Incubation Time
10:10 AM - 10:20 AM
[K401-1am-02] Fundamentals of Catalytic Reaction
Optimization by Machine Learning
OAkira Yada' (1. National Institute of
Advanced Industrial Science and Technology
(AIST))
10:20 AM - 10:50 AM
[1TK40101-03-5add] Incubation Time
10:50 AM - 11:00 AM
[K401-1am-03] Bayesian optimization-assisted screening
of multiple parameters for fine chemical
synthesis
OShinobu Takizawa' (1. Osaka University)
11:00 AM - 11:30 AM
[TK40101-03-7add] Incubation Time
11:30 AM - 11:40 AM

K405

Symposium | Co-Innovation Program (CIP) | Recent advances of Post-
lithium-ion battery

[K405-1am] Recent advances of Post-lithium-ion
battery

Chair, Symposium organizer: Eiji Hosono, Keigo Hoshina, Masaki
Matsui, Yasuo SAITO
9:00 AM - 11:10 AM K405 (K405, Lecture Hall Bldg. [4F])

[K405-1am-01] Current status and possibility of sulfur-
based batteries "Metal polysulfides as
examples”

T (1. National Institute of

OKentaro Kuratani
Advanced Industrial Science and Technology
(AIST))

9:10 AM - 9:40 AM
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[K405-1am-02] Fabrication of all oxide all-solid-state Na-
ion battery with glass ceramics.
CHideo Yamauchi' (1. Nippon Electric Glass
Co., Ltd.)
9:40 AM - 10:10 AM

[K405-1am-03] Developments and Future Challenges of
Electrolyte Materials for Rechargeable
Magnesium Batteries
OToshihiko Mandai' (1. National Institute for
Materials Science)
10:10 AM - 10:40 AM

[K405-1am-04] Research and development of high
capacity anode materials for post lithium
ion batteries
OYuri Nakayama', Ryuhei Matsumoto’, Hideaki
Kuwajima1, Toshikazu Yasuda1, Keita |kezawa1,
Kazunari Motohashi1, Yuki Watanabez, Tomoki
Masuyamaz, Ryota Shimizu?, Taro Hitosugi2'3,
Hao Chen4, Hansen Wang4, Yi Cui* (1. Murata
Manufacturing Co., Ltd., 2. Tokyo Inst. of Tech,
3. The Univ. of Tokyo, 4. Stanford University)
10:40 AM - 11:10 AM

K402

Symposium | Co-Innovation Program (CIP) | Smart Chemistry for Cutting-
Edge Biopharmaceuticals

[K402-1am] Smart Chemistry for Cutting-Edge

Biopharmaceuticals
Chair, Symposium organizer: Akira Chiba, Masaru Tanaka
9:00 AM - 11:40 AM K402 (K402, Lecture Hall Bldg. [4F])

[K402-1am-01] Future perspectives of mMRNA therapeutics
OKeiji Itaka Itaka’ (1. Tokyo Medical and
Dental University)
9:05 AM - 9:55 AM
[K402-1am-02] Drug Discovery Technologies of Nucleic
Acid Aptamers
OTatsuo Adachi' (1. RIBOMIC Inc.)
9:55 AM - 10:25 AM
[1K40201-04-4add] Incubation Time
10:25 AM - 10:35 AM
[K402-1am-03] Research and development of culture
media for biopharmaceutical production
utilizing on the function of amino acids
(1. Ajinomoto Co., INC.)
10:35 AM - 11:05 AM

OTakayoshi Iwai'

[K402-1am-04] Construction of bispecific antibodies via



orthogonal ligation reactions
OKoki Makabe' (1. Yamagata univ.)
11:05 AM - 11:35 AM
[1K40201-04-7add] Incubation Time
11:35AM - 11:40 AM
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[K405-1pm-03] The Present Situation of Multivalent Metal
Anode Anion Secondary Battery
Development
OTetsuya Tsuda' (1. Chiba Univ.)
2:20 PM - 2:50 PM

K402

Symposium | Co-Innovation Program (CIP) | Chemo Informatics for
Beginners

[K401-1pm] Chemo Informatics for Beginners
Chair, Symposium organizer: Hikaru Takaya, Hironobu lyama
1:00 PM - 2:50 PM K401 (K401, Lecture Hall Bldg. [4F])

[K401-1pm-01] Applications of materials informatics from
industrial and academic perspectives
OMitsuru IRIE' (1. MI-6 Ltd.)
1:00 PM - 2:00 PM
[1K40104-05-2add] Incubation Time
2:00 PM - 2:10 PM
[K401-1pm-02] Fundamentals of molecular descriptors in
materials informatics
OYoshihiro Hayashi' (1. The Institute of
Statistical Mathematics)
2:10 PM - 2:40 PM
[1K40104-05-4add] Incubation Time
2:40 PM - 2:50 PM

K405

Symposium | Co-Innovation Program (CIP) | Recent advances of Post-
lithium-ion battery

[K405-1pm] Recent advances of Post-lithium-ion
battery

Chair, Symposium organizer: Eiji Hosono, Keigo Hoshina, Masaki
Matsui, Yasuo SAITO
1:00 PM - 3:00 PM K405 (K405, Lecture Hall Bldg. [4F])

[K405-1pm-01] Current status and future prospects of
fluoride shuttle batteries
OTakeshi Abe' (1. Kyoto University)
1:00 PM - 1:50 PM

[K405-1pm-02] Development of intercalation type
cathode active material for fluoride-ion
batteries
CHidenori Miki1, Kentaro Yamamotoz,
Yoshiharu Uchimoto® (1. TOYOTA MOTOR
CORPORATION, 2. Nara Women's University, 3.
Kyoto University)
1:50 PM - 2:20 PM
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Symposium | Co-Innovation Program (CIP) | Smart Chemistry for Cutting-
Edge Biopharmaceuticals

[K402-1pm] Smart Chemistry for Cutting-Edge

Biopharmaceuticals
Chair, Symposium organizer: Atsushi Sugasaki, Shinzo Seko,
Takeshi Nagasaki
1:00 PM - 3:40 PM K402 (K402, Lecture Hall Bldg. [4F])

[K402-1pm-01] Current Status and Future Prospects of
Medium-sized Peptide Drugs
OYosuke Demizu' (1. National Institute of
Health Sciences)
1:00 PM - 1:50 PM

[K402-1pm-02] Utilization of single-use technology in
biopharmaceutical munufacturing
OHiroyuki Matsuda' (1. FUIIMORI KOGYO
Co., Ltd.)
1:50 PM - 2:20 PM

[1K40205-08-3add] Incubation Time

2:20 PM - 2:30 PM

[K402-1pm-03] Development of manufacturing
technology for long-chain oligonucleotide
drug substance
OTakashi HARA' (1. SUMITOMO CHEMICAL
Co.LTD.)
2:30 PM - 3:00 PM

[K402-1pm-04] Antibody design in the era of Alphafold2
ODaisuke Kuroda' (1. National Institute of
Infectious Diseases)
3:00 PM - 3:30 PM

[1K40205-08-6add] Discussion

3:30PM - 3:35PM

K401

Symposium | Co-Innovation Program (CIP) | Chemo Informatics for
Beginners

[K401-1vn] Chemo Informatics for Beginners
Chair, Symposium organizer: Hikaru Takaya, Hironobu lyama
4:10 PM - 5:40 PM K401 (K401, Lecture Hall Bldg. [4F])

[K401-1vn-01] Informatics x Robotics to Accelerate R&D



OYusuke Tanabe' (1. Mitsubishi Chemical
Corporation)
4:10 PM - 4:40 PM
[TK40106-07-2add] Incubation Time
4:40 PM - 4:50 PM
[K401-1vn-02] Digital R&D Strategy and Open Innovation
in Sumitomo Chemical
OShinya Nishino' (1. SUMITOMO CHEMICAL
CO., Ltd.)
4:50 PM - 5:20 PM
[1K40106-07-4add] Incubation Time
5:20 PM - 5:30 PM

K102

Symposium | Medium and Long-Term Program | New molecules involved in

interactions among organisms
[K102-Tam] New molecules involved in interactions

among organisms
Chair, Symposium organizer: Hirokazu Arimoto, Masaki Kita
9:00 AM - 11:40 AM K102 (K102, Lecture Hall Bldg. [1F])

[K102-1am-01] Insights into Chemical Defense in a
Marine Sponge Holobiont
CToshiyuki Wakimoto' (1. Hokkaido Univ.)
9:05 AM - 9:40 AM

[K102-Tam-02] Exploring fungal dormant genes and
uncultured microorganisms toward
expansion of bioactive molecules
ONaoki Takaya' (1. Univ. Tsukuba)
9:40 AM - 10:15 AM

[K102-1am-03] Regulation of body functions through
interactions between food, gut bacteria,
and host
©Jun Kunisawa' (1. NIBIOHN)
10:15 AM - 10:55 AM

[K102-1am-04] Animal communication via odorant and
pheromone
OKazushige Touhara' (1. The University of
Tokyo)
10:55 AM - 11:35 AM

Symposium | Medium and Long-Term Program | Artificial photosynthesis:

Visualizing and manipulating photo-generated carriers
[AT-1am] Artificial photosynthesis: Visualizing and

manipulating photo-generated carriers
Chair, Symposium organizer: Hiroaki Misawa, Ryu Abe
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9:00 AM - 11:40 AM AT (Auditorium, Bldg. 7 [6F])

[AT-1am-01] Time-resolved IR absorption spectroscopy to
unravel the behavior of photocarrier
dynamics and the mechanism of
photocatalytic reactions
OAkira Yamakata' (1. Okayama University)
9:05 AM - 9:40 AM

[AT-1am-02] Direct Observation of Photoinduced Charge
Carrier by Microwave Spectroscopy and its
Application to the Acceleration of
Photocatalyst Development
OAkinori Saeki' (1. Osaka University)

9:40 AM - 10:15 AM

[AT-1Tam-03] Molecular design of photocatalysts for the
highly efficient reduction of CO,

OYusuke TAMAKI" (1. Tokyo Institute of
Technology)
10:25 AM - 11:00 AM

[A1-1am-04] Design of a photocatalyst enabling overall
water splitting with a quantum efficiency of
almost uniity
oTsuyoshi Takata', Kazunari Domen'? (1.
Shinshu university, 2. The Univ. of Tokyo)
11:00 AM - 11:35 AM

K102

Symposium | Medium and Long-Term Program | Sequential Materials
Chemistry: New Approaches for Ordered Arrangement of Atoms and

Molecules
[K102-1pm] Sequential Materials Chemistry: New
Approaches for Ordered Arrangement

of Atoms and Molecules
Chair, Symposium organizer: Takashi Uemura
1:00 PM - 3:40 PM K102 (K102, Lecture Hall Bldg. [1F])

[K102-1pm-01] Library Synthesis of Sequence-Controlled
Vinyl Polymers Composed of Commodity
Monomer Units for Sequence-Dependent
Properties
OMakoto Ouchi' (1. Kyoto Univ.)
1:05PM - 1:35PM

[K102-1pm-02] Chemistry of Supramolecular Polymers
with Controlled Sequence and Structure
OTakeharu Haino' (1. Hiroshima University)
1:35PM - 2:05 PM

[K102-1pm-03] Molecular Nanometallics - Precise Control

of Metal Atom Assembly



CTetsuro Murahashi' (1. Tokyo Institute of
Technology)
2:05 PM - 2:35 PM

[K102-1pm-04] Precise connection of metal cluster and
organnic molecule
OYuichi Negishi' (1. Tokyo Univ. Sci.)
2:40PM - 3:10 PM

[K102-1pm-05] Sequential Supported Catalyst Design for
Development of Dehydrogenative
Oxidation Reactions
oKazuya Yamaguchi1 (1. The University of
Tokyo)
3:10 PM - 3:40 PM

C1311

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

[C1311-1pm] International Symposium on
Molecular Science - Physical
Chemistry / Theoretical Chemistry,
Chemoinformatics, Computational
Chemistry - Cosponsored by Japan

Society for Molecular Science -
Chair, Symposium organizer: Kazuya Watanabe, Koichi lwata,
Masanori Tachikawa, Mitutaka Okumura, Tatsuya Tukuda,
Tomuyuki Akutagawa, Toshio Naito, Yasuteru Shigeta
1:00 PM - 3:40 PM C1311 (1311, Bldg. 13 [1F] + Zoom)

[C1311-1Tpm-01] A Deep Dive into Biomolecular
Condensates formed via Liquid-Liquid
Phase Separation of Intrinsically
Disordered Proteins
OSamrat Mukhopadhyay' (1. Indian Institute
of Science Education and Research (IISER)
Mohali)
1:05 PM - 1:40 PM

[C1311-1pm-02] Time-resolved insights into signaling
mechanisms of light sensor BLUF
proteins
Ovusuke Nakasone1, Masahide Terazima'

(1. Kyoto Univesrity)

1:40 PM - 2:00 PM

[C1311-1pm-03] Mining Raman big data with
independent component analysis based
blind source separation algorithm

ORintaro Shimada' (1. Aoyama Gakuin
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University)
2:00 PM - 2:20 PM

[C1311-1pm-04] Exploring the Migration and Clustering
of Catalytic Relevant Defect Sites via
First-Principles-Based kMC Simulations
OCheng-chau Chiu’, Po-Yuan Wang', Bo-An
Chenz, Yu-Chi Lee? (1. National Sun Yat-sen
University, 2. Institute of Atomic and
Molecular Sciences, Academia Sinica)
2:25PM - 3:00 PM

[C1311-1pm-05] Dynamic processes of charge-transfer
excitons at the donor-acceptor interface
of organic thin-film solar cells
OAzusa Muraoka' (1. Japan Women's
Univ.)
3:00 PM - 3:20 PM

[C1311-1pm-06] Boundary Effects and Quadrupole
Contribution in Calculation of Sum
Frequency Generation Spectra
STomonori Hirano' (1. Tohoku Univ.)

3:20 PM - 3:40 PM

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

[C1311-1vn] International Symposium on Molecular
Science - Physical Chemistry /
Theoretical Chemistry,
Chemoinformatics, Computational
Chemistry - Cosponsored by Japan

Society for Molecular Science -
Chair, Symposium organizer: Kazuya Watanabe, Koichi lwata,
Masanori Tachikawa, Mitutaka Okumura, Tatsuya Tukuda,
Tomuyuki Akutagawa, Toshio Naito, Yasuteru Shigeta
4:10 PM - 5:30 PM C1311 (1311, Bldg. 13 [1F] + Zoom)

[C1311-1vn-01] Radiolytic solvated electron for carbon
neutrality
©Jun Ma"? (1. Nanjing University of
Aeronautics and Astronautics, 2. University of
Science and Technology of China)
4:10 PM - 4:45 PM

[C1311-1vn-02] Exciton-driven Bulk Photovoltaic Effect in
Polar Organic Crystals with
Subphthalocyanines
©Daigo Miyajima' (1. RIKEN)
4:45 PM - 5:05 PM

[C1311-1vn-03] Spin-correlated luminescence of radical-



based molecular materials
OTetsuro Kusamoto'? (1. Institute for
Molecular Science, 2. JST)

5:05 PM - 5:25 PM

K403

Symposium | Special Program | Future of Sustainable and Functional Redox
Chemistry

[K403-1am] Future of Sustainable and Functional

Redox Chemistry
Chair, Symposium organizer: Akihiro Shimizu, Koichi Mitsudo,
Munenori Inoue, Toru Amaya, Toshiki Nokami, Yousuke Ooyama
9:00 AM - 11:40 AM K403 (K403, Lecture Hall Bldg. [4F])

[K403-1am-01] Proof-of-Concept for Electrochemical
Reactions without an Electrical Power
Source - Case Study of
Electropolymerization
OShinsuke Inagi' (1. Tokyo Institute of
Technology)
9:00 AM - 9:20 AM

[K403-1am-02] Development of carbon resource
recycling reactions using photo- and
electrolytic redox systems
CHisashi Shimakoshi' (1. Kyushu University)
9:20 AM - 9:40 AM

[K403-1am-03] Development of water oxidation catalysts
based on precise control of electron
transfer
©Mio Kondo™? (1. Graduate School of
Engineering, Osaka University, 2. JST PRESTO)
9:40 AM - 10:00 AM

[K403-1am-04] Radical N-Heterocyclic Carbene Catalysis
OHirohisa Ohmiya' (1. Kyoto University)
10:00 AM - 10:30 AM

[K403-1am-05] Development of Polymer Functional
Materials Using Photocatalysts
OYoshiko Miura' (1. Kyushu University)
10:35 AM - 11:05 AM

[K403-1am-06] Elucidation of the mechanism of radical
reactions based on the identification of
reactive species and direct observation
OManabu Abe' (1. Hiroshima University)

11:05AM - 11:40 AM
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Symposium | Co-Innovation Program (CIP) | Chemo Informatics for Beginners

[K401-Tam] Chemo Informatics for Beginners
Chair, Symposium organizer: Hikaru Takaya, Kazuhiro Matsumoto
Wed. Mar 22, 2023 9:00 AM - 11:40 AM K401 (K401, Lecture Hall Bldg. [4F])

[K401-Tam-01] Materials Informatics: Overcoming Barriers of Limited Data
ORyo Yoshida' (1. The Institute of Statistical Mathematics)
9:70 AM - 10:10 AM

[TK40101-03-3add] Incubation Time
10:10 AM - 10:20 AM

[K401-1Tam-02] Fundamentals of Catalytic Reaction Optimization by Machine
Learning
OAkira Yada' (1. National Institute of Advanced Industrial Science and
Technology (AIST))
10:20 AM - 10:50 AM

[1TK40101-03-5add] Incubation Time
10:50 AM - 11:00 AM

[K40T-Tam-03] Bayesian optimization-assisted screening of multiple
parameters for fine chemical synthesis
OShinobu Takizawa' (1. Osaka University)
11:00 AM - 11:30 AM

[1TK40101-03-7add] Incubation Time
11:30 AM - 11:40 AM
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Materials Informatics: Overcoming Barriers of Limited Data ('The Institute of Statistical
Mathematics, Research Organization of Information and Systems, *National Institute for
Materials Science) ORyo Yoshida'?

Keywords : Materials Informatics; Inverse Design; Small Data; Transfer Learning, Functional
Data Analysis

Material informatics (MI), a new form of materials research that combines materials data
with data science, is gaining traction. MI applies machine learning (ML) to predict new
materials with innovative properties and their fabrication methods from a vast design space.
Over the past few years, MI technologies have spread rapidly in various areas of materials
research, and many new materials have been discovered [1,2]. However, the application of ML
in materials science is lagging behind that in other research areas. Needless to say, data is the
most important resource in data-driven science. However, efforts toward creating a
comprehensive database of material properties to enable data-driven research have been
insufficient. In this talk, I will describe some key technologies of ML to overcome the big
hurdle of limited data.

ML techniques called transfer learning or domain adaptation have the great potential to break
the barrier of limited data [2,3,4,5]. For a given task to be predicted from a limited supply of
training data, a set of models on related tasks are pre-trained using an enough amount of data,
which capture common features relevant to the target task. Re-purposing such features on the
target task brings an outstanding prediction performance even with exceedingly small data as
if highly experienced human experts can perform rational inferences even on considerably less
experienced tasks.

The second topic focuses on ML techniques from adaptive experimental design. Any ML
models are interpolative in nature, and their prediction capability is no longer applicable in
regions where no data are available. However, the ultimate goal of materials science is the
discovery of truly innovative materials, which would reside in yet-unexplored material space
where no one has gone before. A promising solution to this problem is the integration of
computer/physical experiments into a ML system through experimental design techniques such
as Bayesian optimization [5].

I also show the potential of supervised learning for ultra-high-dimensional or functional-type
output variables. In machine learning of material data, the output variable is often given as a
function (Figure 1). For example, when predicting the optical absorption spectrum of a
molecule, the output variable is given as a spectral function defined in the wavelength domain.
Alternatively, in predicting the microstructure of a composite material, the output variable is
given as an image from an electron microscope, which can be represented as a two- or three-
dimensional function in the image coordinate system. Here we consider a unified framework
to handle such multidimensional or functional output regressions, which are applicable to a

© The Chemical Society of Japan -K401-1am-01 -
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wide range of predictive analyses [6]. Of particular interest here is the mechanism of the high
tolerance of the functional output regression to limited data. As shown, the present method
predicting the whole function directly has statistical mechanisms closely related multitask
learning; multiple related tasks are learned simultaneously, allowing the model to recognize
common mechanisms among target tasks and consequently improve the prediction accuracy of
each task. It is demonstrated that a similar learning mechanism is expected to work in
regression with high-dimensional output variables.
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TELZRVN. MRN DS, F— X DEE L7 VWRESHEE Tl 7 — # B0 “NE 7221
H” OFEIT RIS, LIz -> T, FERICITEI 72 & Bl 7 — X BREpRl 7
0—F T, BICHESHRMEIOR FIZIZE S 220, $hbb, F— & BREAEDET
TN Z HMEOREE, T— 2NN E NS 2L ThD. KiEETIE, BohizT
— X DRERTE YK Z 5 7 OFEIIBEE o Hikim e U<, B, SIS SRR
RFEREIC X 2% - v I a L —v 3 v - A E oA, REKGEDE, 2R~
b v, PRV AR AR o RIS 1A B 0 T ICBE T 2 T Tk B B O B Y A
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[1] Liu et al. Machine learning to predict quasicrystals from chemical compositions. Advanced Materials
33,2102507 (2021).

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

[3] Yamada et al. Predicting materials properties with little data using shotgun transfer learning. ACS
Central Science 5, 1717-1730 (2019).

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

[5] Hayashi et al. RadonPy: automated physical property calculation using all-atom classical molecular
dynamics simulations for polymer informatics. npj Computational Materials 8, 222 (2022).

[6] Iwayama et al. Functional output regression for machine learning in materials science. Journal of
Chemical Information and Modeling 62, 48374851 (2022).
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10:10 AM - 10:20 AM (Wed. Mar 22, 2023 9:00 AM - 11:40 AM K401)
[1K40101-03-3add] Incubation Time
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Fundamentals of Catalytic Reaction Optimization by Machine Learning (Interdisciplinary
Research Center for Catalytic Chemistry (IRC3), National Institute of Advanced Industrial
Science and Technology (AIST)) OAkira Yada

In this presentation, the optimization of catalytic reactions using machine learning, including
descriptor preparation, use of computational chemistry, and machine learning methods, will be
presented. In addition, how catalytic reaction optimization by machine learning will be
demonstrated by running the machine learning programs.

Keywords : Catalytic Reaction;, Machine Learning, Catalyst Informatics
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10:50 AM - 11:00 AM (Wed. Mar 22, 2023 9:00 AM - 11:40 AM K401)
[1K40101-03-5add] Incubation Time
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Bayesian optimization-assisted screening of multiple parameters for fine chemical synthesis

(‘SANKEN, Osaka University, *Graduate School of Pharmaceutical Sciences, Osaka
University, *Graduate School of Science and Engineering, Ibaraki University) O Shinobu
Takizawa,' Hiroaki Sasai,'” Masaru Kondo®

Traditional optimization methods using one variable at a time approach waste time
and chemicals and assume that different parameters are independent from one another.
Hence, a simpler, more practical, and rapid process for predicting reaction conditions
that can be applied to several manufacturing environmentally sustainable processes
is highly desirable. In this study, biaryl compounds were synthesized efficiently using
an organic Brensted acid catalyst in a flow system. Bayesian optimization (BO)-
assisted multi-parameter screening, which employs one-hot encoding and appropriate
acquisition function, rapidly predicted the suitable conditions for the synthesis of 2-
amino-2'-hydroxy-biaryls (up to 96% yield). In this presentation, we will also report
BO-assisted screening on the electrochemical synthetic conditions of ketimines.
Keywords . Bayesian Optimization;, Organocatalysis; Flow Synthesis;, Domino
Reaction; Electrochemical Synthesis

BIRAD SR T R AL S Z B AT 27201213, BUS SR R IR
KU T DU E DR DHDH, LNLRDD, UG/ NTA—Z D372 5L DRRFEEITFRE
BEXCAITHEINL | SR OFREER IS DB RMERERI AV — =2 7 Th S RApa AN 2§
Do A TIL, Hlt, Fox BEBL TODA Y AERRENR ' RO N AR ifblc k5%
WRIC/NTVNVARR 2 HLoh & D D EERGRIT B CO SUS KRR LIZHOWT [T D
BMRIRIIC I T I A KON THERAEI Lo 7V — kG o 7 m— & il

- Y
DWFFEE NIRRT T D,
HO
@( ~ + TIOH (B mol%)
=g al
= " (A equiv.
== — \\ OMe
Bayesian optimization Flow rate ! micro mixer : |
assisted screening 1] ! XH >
i 0
For flow reaction R OMe | c £ 1QMAS or QMAS (C M | HO
Optimization of numerical and 23 OMe ; T:r:(; 0< T mi: or s ( )3
categorical parameters / LoElE RN L ;
X cross-coupling functionalized biaryl

+one-hot encoding _ \ in flow system
erapid optimization of mixing-type IQQI\'/\IA:‘: gz(_-gsozR ) +low catalyst loading einexpensive solvent
+multi-parameter screening X=0) sroom temperature e¢short reaction time

1) M. Kondo, H. D. P. Wathsala, M. Sako, Y. Hanatani, K. Ishikawa, S. Hara, T. Takaai, T. Washio, S.
Takizawa, H. Sasai, Chem. Commun. 2020, 56, 1259.

2) M. Kondo, A. Sugizaki, Md. I. Khalid, H. D. P. Wathsala, K. Ishikawa, S. Hara, T. Takaai, T. Washio,
S. Takizawa, H. Sasai, Green Chem. 2021, 23, 5825.

3) M. Kondo, H. D. P. Wathsala, M. S. H. Salem, H. Ishikawa, S. Hara, T. Takaai, T. Washio, H. Sasai,
S. Takizawa, Commun. Chem. 2022, 5, 148.
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REZXEUOREREARE ~ERZMIEMEHIC~
(FERHATHRAHIRI) OB HAK

Current status and possibility of sulfide-based batteries ~Metal polysulfides as examples~
(Research Institute of Electrochemical Energy, National Institute of Advanced Industrial
Science and Technology (AIST)) OXentaro Kuratani

To develop the secondary batteries with higher energy density than lithium-ion batteries,
sulfur-based materials which exhibit high charge/discharge capacity have attracted much
attention. However, sulfur itself is an insulator, so that, large amount of carbon materials is
required to prepare the electrodes with enough electron conductivity. Simultaneously, lithium
polysulfide, which is an intermediate product, dissolves in the electrolyte during charging and
discharging.

We have suggested the application of metal polysulfides and developed various kinds of
metal polysulfides such as LigFeSs and TiS4 to overcome these problems. These materials
showed more than 600 mAh/g of charge/discharge capacity around 2 V (vs. Li*/Li). UV-Vis
measurement also unveiled that the dissolution of polysulfides was successfully suppressed.
Moreover, we have found that it is possible to assemble the cells exceeding 500 Wh/kg of
gravimetric energy density with using 20 Ah-class pouch-cells in NEDO RISING2 P;j.

More recently, we developed metal polysulfides with high lithium contents and applied to
sulfide-based all-solid-state batteries as positive electrode active materials in NEDO SOLiD-
EV Pj. The full-cells constructed by these metal polysulfides and silicon achieved more than
800 Wh/L of volumetric energy density.

In this presentation, we will discuss the current status and possibility of sulfur-based batteries
by using metal polysulfides as examples.

Keywords : Metal Polysulfides; High Energy Density, Dissolution; Cycle Properties;
Electron/lon Pass in the Electrode
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1) T. Takeuchi, H. Kageyama, K. Nakanishi, M. Ogawa, T. Ohta, A. Sakuda, H. Sakaebe, H. Kobayashi,
Z. Ogumi, J. Electrochem. Soc. 2015, 162, A1745.

2) A. Sakuda, N. Taguchi, T. Takeuchi, H. Kobayashi, H. Sakaebe, K. Tatsumi, Z. Ogumi, Electrochem.
Comm. 2013, 31 71.

3)  THBTE N S AR AR E TR RS ) 0% AT S 2R (A BRIR) (2021)

4) M. Otoyama, T. Takeuchi, N. Taguchi, K. Kuratani, H. Sakaebe, ECS Advances submitted

5) fE, PEBR. IR, i, TN B, S G 63 RIEMEERS B EE 2E10 (2022)

6) Sl PrN. MEHEL, A HE, BO, 8BE, EE IR, BA. K Fe3 B maE R
#£ 2E11 (2022)

7) FE. L. A, L R IR B 63 [nIEMFER S E B 2E12 (2022)
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A —ILEAEMEER Na 1 4 > ZREMDFHFE

HACER U 708 LIPS EER
Development of an All-Oxide All-Solid-State Sodium-Ion Batteries
Nippon Electric Glass Co., Ltd.
Hideo Yamauchi
hdyamauchi@neg.co.jp

Climate change is progressing due to global warming, and disasters are of increasing concern.
It is necessary to use renewable energy and battery storage technologies to mitigate the
emission of carbon dioxide into the atmosphere, which accelerates global warming. However,
currently available Li-ion batteries pose fire and safety hazards owing to their use of liquid
electrolytes. As a solution to these problems, we have developed an all-oxide all-solid-state Na-
ion battery with glass ceramics.
Keywords : Glass ceramic, Battery, Amorphous, Solid electrolyte; Sustainable
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1) Global Battery Alliance: A Vision for a Sustainable Battery Value Chain in 2030

2) H. Yamauchi, J. Ikejiri, F. Sato, H. Oshita, T. Honma, T. Komatsu, J. Am. Ceram. Soc., 2019, 102, 6658-6667
3) T. Honma, T. Togashi, N. Ito, T. Komatsu, J. Ceram. Soc. Jpn., 2012, 120 344-346.

4) H. Yamauchi, J. Ikejiri, K. Tsunoda, A. Tanaka, F. Sato, T. Honma, T. Komatsu, Sci. Rep., 2020, 10, 9453
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Developments and Future Challenges of Electrolyte Materials for Rechargeable Magnesium
Batteries (National Institute for Materials Science) OToshihiko Mandai

Rechargeable magnesium batteries (RMBs) are one prospect option of energy storage
technologies among various post lithium-ion batteries owing to some advantageous properties
mainly arising from the use of magnesium metal as negative electrodes. The R&D of RMBs is
however still in the early stage due to the lack of suitable electrolyte materials those compatible
with both magnesium metal and high-performant positive electrode materials. To overcome
this situation, significant research efforts have been paid to materialize the electrolyte materials
having functionalities demanded. In this presentation, the history on the development of the
electrolyte materials for RMB applications will be given. It is found that the “dissociation state
of ions” predominates the electrochemical magnesium deposition/dissolution activities of
electrolytes. The future challenges for RMB materialization will also be discussed.

Keywords : Rechargeable batteries, Magnesium, Electrolyte, Anion, Dissociation state
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Figure 1. Schematic of the relationship between electrolyte components and electrochemical

magnesium deposition/dissolution activities.
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1) J. Muldoon, C. B. Bucur, T. Gregory, Angew. Chem. Int. Ed.,2017,56, 12064; 2) S. Tan, F. Xiong,
J. Wang, Q. An, L. Mai, Mater. Horiz., 2020, 7, 1971; 3) Z. Lu, A. Schechter, M. Moshkovich, D.
Aurbach, J. Electroanal. Chem., 1999, 406, 203; 4) 1. Shterenberg, M. Salama, Y. Gofer, D. Aurbach,
Langmuir, 2017, 33, 9472; 5) T. Mandai, M. Yao, K. Sodeyama, A. Kagatsume, Y. Tateyama, H.
Imai., submitted; 6) T. Mandai, K. Tatesaka, K. Soh, H. Masu, A. Choudhary, Y. Tateyama, R. Ise,
H. Imai, T. Takeguchi, K. Kanamura, Phys. Chem. Chem. Phys., 2019, 21, 12100; 7) T. Mandai, Y.
Youn, Y. Tateyama, Mater. Adv., 2021, 2, 6283; 8) T. Pavénik, M. Lozinsek, K. Pirnat, A. Vizintin,
T. Mandai, D. Aurbach, R. Dominko, J. Bitenc, ACS Appl. Mater. Interfaces, 2022, 14, 26766.
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Research and development of high capacity anode materials for post lithium ion batteries
(*Murata Manufacturing Co., Ltd., *Tokyo Institute of Technology, *Univerity of Tokyo,
2Stanford University) O Yuri Nakayama,' Ryuhei Matsumoto,' Hideaki Kuwajima,' Toshikazu
Yasuda,' Keita Ikezawa,! Kazunari Motohashi,! Yuki Watanabe,”> Tomoki Masuyama,’> Ryota
Shimizu,? Taro Hitosugi,>* Hao Chen,* Hansen Wang,* Yi Cui*

Li metal is considered the ultimate anode for the post lithium ion batteries due to its high
theoretical capacity and low reduction potential. However, Li metal anodes face two
fundamental challenges that are highly reactivity, and extreme volume changes during cycling.
Here we present a couple of technologies to utilize this material, one is the artificial solid
electrolyte interface (SEI), and the other one is the reduced graphene oxide host material. Issues
and perspectives are also discussed.

Keywords : Li Metal Anode; Post Lithium lon Batteries, Artificial Solid Electrolyte Interface;
Reduced Graphene Oxide
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1) Cyclic electrochemical reactions using a Li-metal anode with low-resistance artificial solid—
electrolyte interphase. H. Kuwajima, et al., in preparation.

2) Free-standing ultrathin lithium metal-graphene oxide host foils with controllable thickness for lithium
batteries. H. Chen, et al., Nature Energy 6, 790-798 (2021).
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Future perspectives of mRNA therapeutics ('Institute of Biomaterials and Bioengineering,
Tokyo Medical and Dental University, *Graduate Center for Infectious Disease Education and
Research (CiDER), Osaka University) OXKeiji Itaka 2

mRNA is a promising modality for vaccines and drugs. Not only the flexibility for designing
the nucleic acid sequences, mRNA has advantages such as negligible risk of insertional
mutagenesis, availability for any cell type. Now the mRNA is chiefly used for vaccines for
infectious diseases and cancer therapy, but also available for various therapeutic purposes. In
this presentation, I would like to present the history, the current status, and the future
perspective for developing mRNA vaccines and drugs. For that, the mRNA engineering, DDS,
and the ideas of medical applications are equally important, requiring interdisciplinary effort.

Keywords : mRNA vaccine, mRNA therapeutics, DDS,

mRNA U 7 F o « EFKIL, mRNA 2 HWT MR Z2ENICRE L, U7 F X008
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Drug Discovery Technologies of Nucleic Acid Aptamers
(RIBOMIC Inc.) Tatsuo Adachi

Nucleic acid aptamers are single-stranded oligonucleotides that bind to specific target
molecules. Aptamers have been used in various fields such as pharmaceuticals, diagnostics,
and separation agents because of their high affinity and specificity toward targets. The
molecular design of therapeutic nucleic acid aptamers is based on chemical modifications for
in vivo stability and seed compound discovery techniques known as SELEX. So far, a number
of SELEX methods for the efficient nucleic acid aptamer discovery have been reported. In
addition, the recent development of next-generation sequencing enables us to incorporate
computational approaches into the molecular design of nucleic acid aptamers.

I will review the chemical properties and modifications of nucleic acid aptamers for
therapeutic application. I will also introduce our recent aptamer discovery technologies using
artificial intelligence and other bioinformatics.

Keywords : Aptamers, Nucleic Acid modifications
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1) Adachi, T., & Nakamura, Y. (2019). Aptamers: A review of their chemical properties and
modifications for therapeutic application. Molecules, 24(23), 4229.

2) Ishida, R., Adachi, T., Yokota, A., Yoshihara, H., Aoki, K., Nakamura, Y., & Hamada, M. (2020).
RaptRanker: in silico RNA aptamer selection from HT-SELEX experiment based on local sequence
and structure information. Nucleic acids research, 48(14), e82-¢82.

3) Iwano, N., Adachi, T., Aoki, K., Nakamura, Y., & Hamada, M. (2022). Generative aptamer discovery
using RaptGen. Nature Computational Science, 1-9.
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Research and development of culture media for biopharmaceutical production utilizing on the
function of amino acids ('Research Institute for Bioscience Products and Fine Chemicals,
Ajinomoto Co., INC) OTakayoshi Iwai', Ayana Mashimo', Takuya Higuchi', Chihiro Tsuji',
Fumi Shozui!, Shinya Yamaide', Shunpei Furomitsu

MARY T~ T ORI L 72 2 PUREIE I XE AL 2 AV CEA S, Bl o k
i LRRIC BT DR Tk, 7 2V BEORER D D DER SN DB AN G
TW5, Boxid, iR T 2R ERENE B 27201, SiiiiaoRERE
CREROITEEFE) 2Rt U, U722 8 oMl ONIREE 1272 D K 9 B D iF SR
AR ZIT>TW\D, ZOEE, 7V BOFEFIZ L > TE, ZORELHENIELZ L
2K DD ST & DS DR, IRIREF I 35U TUXSRER RS DT H 72 £ DR
NAELDZ ENRMBILTWD, RUFZERFE TlE, A AL EE IV T
HERRER DI THY, —HFTHRNITRENE LTV LV AT A 00 L-F ey
72 E OB ONRIREF HLZ 3810 B Z2Ethlm b & | 2 X 2 HuiRAEmErE R B
LC, Yt B o7 I 7 B0 LA B HIBRFE IS L7 Bl W RN 5,
F—U— N FUREIES, MlssE, s, 7 I B, JuUREREN:

Antibody drugs, which are medicines for cancer and rheumatism, are produced using animal
cells. Culture media composed of nutrients such as amino acid is used for cell culture in the
upstream process of manufacturing them. To increase the antibody productivity, we analyze the
metabolic characteristics (nutrition consumption) of animal cells, and research and develop
culture media to be appropriate nutrient composition and concentration. Increasing the
concentration of some amino acids would cause the problems such as reaction of amino acids
with other nutrients and precipitation of nutrients in a liquid media We introduce examples of
applying our own knowledge about amino acid to the development of culture media, regarding
the improvement of the stability in powder and liquid culture media and antibody production
by focusing on L-cysteine and L-tyrosine which are important nutrients in biopharmaceutical
production media but could cause problems in handling.

Keywords : antibody drags, cell culture, culture media, amino acid, antibody productivity
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Construction of bispecific antibodies via orthogonal ligation reactions
(‘Graduate School of Science and Engineering, Yamagata University, *JST Presto) OKoki
Makabe'-?

Bispecific antibody (bsAb) is a new class of antibody therapeutics, that binds two different
target antigens simultaneously. By targeting the cancer cell antigen and immune cell antigen,
the bsAb can bridge the two cells and mediates the cytotoxic killing of cancer cells by immune
cells. Although important for its applications, there is difficulty for the production of bsAb.
BsAb consists of four different poly-peptide chains, i.e., two heavy chains and two light chains.
These four chains form incorrect pairings, and it reduces bsAb production yield. To prevent the
chain pairing problem, there are variety of engineering methods has been developed. However,
all the methods require the introduction of non-native sequence modifications. Here, we show
the novel bsAb production method by using protein ligation techniques.

Keywords : Bispecific antibody, Protein trans-splicing; Protein engineering; Cancer therapy
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L1280, ROENNAAREEE 70D, L, “EREMEKRERERT 5. 4 FE
DRYXTF RE, ELL WA EERL 9 5720, WEMELS 72> TLE - ME
W oTz, 2 THEA PR OB SN TETNDEN, 7T, ERARD
BHEARS N AA VSN OB EPMETH Y | ZEMEDIKR T2 EORENH - 7z,
ZIT B I NETHBEA VT A v ERWEEAEERKS ERRORRY T
F RALT N o ZNC Lo T RARESN 2 H - 7= ZHERMEFUAOERIEN 2 B L T &
Tro RFEETIZ, A~v— M7 I 2 U —IC LD ZEHERMEHRORESIZ SV TSR
REFRT D,

1. Construction of a circularly connected VHH bispecific antibody (cyclobody) for the desirable
positioning of antigen-binding sites, Saki Hemmi, Ryutaro Asano, Kouki Kimura, Mitsuo Umetsu,
Takeshi Nakanishi, Izumi Kumagai and Koki Makabe*, Biochem Biophys Res Commun., 1, 72-
77 (2020)
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Applications of materials informatics from industrial and academic perspectives
(IMI-6 Ltd.) Mitsuru Irie !

Although the use of materials informatics (MI) is accelerating in both industry and
academia, there is a gap in the number of published cases and the amount of information
available. In other words, while there are many relatively detailed reports on cases of
academic research and government-sponsored projects, there are few reports on industrial
applications, making it difficult to grasp the actual situation from the publicly available
information.

Through our experience of MI implementation with various chemical companies, we have
felt the gap between academic advanced technologies and MI technologies that lead to
industrial success. In this presentation, we would like to deepen our understanding of the
current status and prospects of data-driven research by comparing and discussing MI
technologies used in industry and academia.

Keywords - Materials Informatics, Bayesian Optimization, Automated Molecular Design,
Computational Chemistry, Design of Experiment
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Fundamentals of molecular descriptors in materials informatics (Departmentof Statistical Data
Science, The 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

AGEHTIE, ~T IV TNARAL T~ T 47 A (M) O3B THOWOL S 53 Fitib
FAZOWTHERLT 5. il 71, & 0501 ORISR A b F OB b PR
FESSHMERY ML ELTRALEZHLDOTHD. WL ONDOREM 725y Fitab 712
WTC, T XAOESLENENORE, O EES R Eaffiid 5.

FHIERMO 7 4 =TV M, HODPLDERINTZTT 7 A NOFES
BN EEDEALTFHEIE DN Z — o 2 HEL T 5. A4 72D & LT, MACCSKeys[1]
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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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Fluoride Shuttle Batteries: Current Status and Prospects
(Graduate School of Engineering, Kyoto University) OTakeshi Abe
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Development of intercalation type cathode active material for fluoride-ion batteries
(' Toyota Motor Corporation, *Nara Women's University, *Kyoto University)
OHidenori Miki', Kentaro Yamamoto?, Yoshiharu Uchimoto?

All solid-state fluoride ion batteries are promising next-generation energy devices, as they
can theoretically achieve high energy densities without dependent on lithium resources.
However, the conventional cathode materials, using the conversion-like reaction between metal
and metal fluoride, have issues with cyclability and rate performance. We focused on the idea
that topotactic intercalation reactions of fluoride ions could be effective to improve the
electrochemical properties. In this presentation, we will introduce a novel cathode material
showing an electrochemical intercalation reaction. In addition, the development towards higher
capacity materials will also be presented together with the charge-discharge mechanism.
Keywords : Fluoride-ion batteries; Intercalation reaction, Anionic redox; Solid-State batteries
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The Present Situation of Multivalent Metal Anode Anion Secondary Battery Development
(Graduate School of Science and Engineering, Chiba University)

oTetsuya Tsuda

The expectation from society towards secondary battery is increasing more and more, recent
years, the development race is highly competitive. Most are dedicated to the development of
next-generation high-performance secondary battery. However, a different type of secondary
battery, which has a battery performance comparable to current Li-ion battery and consists of
only common elements, is also an important research target. In this context, we are working on
the application of ionic liquids (ILs) obtained by mixing commonly used metal chlorides and
organic chloride salts to battery electrolytes. These ILs are composed of organic cations and
metal chloride complex anions, and the metal deposition/stripping reactions proceed reversibly
at the cathodic limit potential. For example, as to Al, a mixture of AICl; and an organic salt
such as 1-ethyl-3-methylimidazolium chloride ([C,mim]Cl) is usually employed as an organic
IL electrolyte. In the composition region where the molar fraction of AICI3 exceeds 50 mol%,
complex anion species ([Al2Cl;]") involved in Al deposition/stripping reactions are formed (Fig.
1), and the electrochemical reaction (equation (1)) proceeds with a coulombic efficiency close
to 100 %."

A[ALCH] +3¢ = Al+7[AICL]T (1)

Similar results have been often obtained with ILs using other metal chloride salts, but
considering the merits of metal anode, Neutral IL

attractive targets are Al and Zn with low Basic IL i Acidic IL
costs and large theoretical capacities. -

When AICL-[Comim]Cl or ZnCl— T .

[Comim]Cl are selected as organic IL © {% |
electrolytes, we can use the multivalent E : % .
metal anode reactions of Al and Zn  § B8 |
without difficulty. Now, finding cathodic © vt §

reactions that can work in the IL g & ;h
electrolytes is the main subject in this e s A

Q ! 4

research field.>” Since the ion species o &
involved in the electrode reaction are _5 A/f“x ]
only complex anions, these battery < "/ 3

1

systems are often classified as 0 01 0f2 ' Oi3 ' 0i4 05 Oi6
multivalent metal anode anion batteries.

In this presentation, I will introduce the . . . . -
o . . Fig. 1. Concentrations for anionic species (e: CI,
present situation of R&D on inexpensive . [AICL], A: [ALCL]) in the AICL-

multivalent metal (Al and Zn) anode [, mim]Cl ionic liquid at different AICl; molar
anion batteries. fractions.

AICI; molar fraction

© The Chemical Society of Japan - K405-1pm-03 -



K405-1Tpm-03 BAlLSS B103BSES (2023)
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Current Status and Future Prospects of Medium-sized Peptide Drugs (‘National Institute of
Health Sciences) O Yosuke Demizu'

Medium-sized peptide drugs are being developed around the world. To facilitate their
practical application, well-controlled manufacturing methods and quality and safety evaluation
methods based on the characteristics of these drugs should be established. However, developing
such methods for novel peptide drugs is not easy with conventional technologies, and
guidelines should be established to specify appropriate regulatory requirements.

In this presentation, the current status of quality and safety evaluation in the development of
medium-sized molecular peptide drugs, points to be considered, and future issues will be
introduced.

Keywords : Peptide; New Modality; Guideline
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Utilization of single-use technology in biopharmaceutical manufacturing (FUJIMORI KOGYO
CO., LTD.) OHiroyuki Matsuda

Single-use products developed and used for the manufacturing process of antibody drugs,
one of biopharmaceuticals. Single-use products are intended for one-time use, therefor wetted
parts are basically made of plastics. Compared to stainless steel and glass products, plastic
products have many advantages such as ease of molding and ease of disposal. On the other
hand, plastics have disadvantages such as low durability and extractables. It is important to
overcome these disadvantage use in pharmaceutical manufacturing process. So far, we have
overcome the disadvantages of single-use products, made efforts to enable of their advantages,
and are providing them as single-use products that can be used in antibody drug manufacturing.

Single-use products are often used not only to manufacture antibody drugs, but also to
manufacture Covid-19 vaccines. As a result, single-use products are subject to unstable
distribution. To solve this situation, we are strongly promoting the domestic production of
single-use products and the materials that configure them. We also report on the use of single-
use products in the manufacture of regenerative medicine and gene therapy drugs.

Keywords : Singe-use products, Antibody drug, Biopharmaceuticals, Domestic production.
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Development of manufacturing technology for long-chain oligonucleotide drug substance
('SUMITOMO CHEMICAL Co.,LTD.) OTakashi Hara'

Sumitomo Chemical has been focused on the production and process development of
oligonucleotides as CDMO since 2013, and we have a lot of experience and solid track
records in GMP production of RNA oligonucleotides so far. In recent years, the emergence of
therapeutic genome editing has boosted the demand for over 100mer long-chain RNA
oligonucleotides. In addition, the purity is important from the viewpoint of activity and
toxicity even in longer oligonucleotides because these technologies have the possibility to
directly rewrite genes. However, it is generally difficult to chemically synthesize such long
oligonucleotides (>100mer) with high quality and high yield. Here, we have overcome by
developing our own amidites, solid supports, and solid-phase synthesis methods for long
RNA synthesis. In this presentation, I would like to explain how we made it possible to
produce up to 200mer RNA oligonucleotides.

Keywords : Oligonucleic Acid Manufacturing, RNA Synthesis, Genome Editing, Active
Pharmaceutical Ingredients.
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AlphaFold R O HiEnFEXET
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Antibody design in the era of AlphaFold
(National Institute of Infectious Diseases) () Daisuke Kuroda

Keywords: Protein engineering; Antibody design; Molecular simulation; Machine learning

Computational technologies such as AlphaFold2 has great impacts on the process of drug discovery. In
the molecular design of biotherapeutics, in addition to the conventional molecular simulations, machine
learning based on high-throughput experimental data has become an active area of research. In light of
this trend, we have been exploring the designability of antibodies on the basis of existing crystal
structures. We have computationally designed several variants, which was followed by experimental
characterizations by surface plasmon resonance, circular dichroism, differential scanning calorimetry,
and by further molecular simulations and machine learning. In this talk, I will give an overview of the
current status of computer-aided antibody design. Both successes and failures of the structure-based
design are discussed.
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[K401-1vn] Chemo Informatics for Beginners
Chair, Symposium organizer: Hikaru Takaya, Hironobu lyama
Wed. Mar 22, 2023 4:10 PM - 5:40 PM K401 (K401, Lecture Hall Bldg. [4F])

[K401-Tvn-0T] Informatics x Robotics to Accelerate R&D
OYusuke Tanabe' (1. Mitsubishi Chemical Corporation)
4:10 PM - 4:40 PM

[1K40106-07-2add] Incubation Time
4:40 PM - 4:50 PM

[K401-1vn-02] Digital R&D Strategy and Open Innovation in Sumitomo
Chemical
9Shinya Nishino’ (1. SUMITOMO CHEMICAL CO., Ltd.)
4:50 PM - 5:20 PM

[1K40106-07-4add] Incubation Time
5:20 PM - 5:30 PM
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Informatics x Robotics to Accelerate R&D
(*Mitsubishi Chemical Corporation) O Yusuke Tanabe!

Mitsubishi Chemical has constructed the new research building at the Science & Innovation
Center, its R&D site in Aoba-ku, Yokohama, in 2022. In the new research building, automated
experiment facilities and high-performance computers have been introduced to promote efforts
to achieve faster and more efficient data generation than conventional manual experiments
from both experimental and computational perspectives. In this presentation, after outlining
research cases of automated and autonomous experiments in Japan and overseas, our efforts to
accelerate research and development by integrating informatics and robotics in the company
will be introduced.

Keywords : Materials informatics; Lab Automation, Autonomous Experiments, Robotics
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(https://www.mitsubishichem-hd.co.jp/news_release/01372.html)
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Digital R&D Strategy and Open Innovation in Sumitomo Chemical
({SUMITOMO CHEMICAL CO., Ltd.) Shinya Nishino!

Digital Transformation (DX) is crucial to survive in the VUCA (Volatility, Uncertainty,
Complexity, Ambiguity) Era, and materials Informatics (MI) actually accelerates R&D in
material industry. In this talk, I will show the digital R&D strategy in SUMITOMO
CHEMICAL, and the important role of open innovation in the strategy.

The strategy consists of three concepts of “Materials Big Data”, “Unique Algorithm”, and
“Place MI in the Hands of You”. We have integrated open data generated by academia and
consortium into in-house data to build materials big data. Furthermore, we investigate the new
materials development approach that combines data science with computer science and high
performance computing through Fugaku Project.

Keywords : Materials Informatics, Data Science, Computer Science, High Performance
Computing
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1) Innovative Materials Development with Computer Science, Data Science, and HPC, FUGAKU
HYAKKEI, HPCI magazine Vol. 4 (https://fugakul00kei.jp/mag/04/)
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Symposium | Medium and Long-Term Program | New molecules involved in interactions among organisms

[K102-1Tam] New molecules involved in interactions among organisms
Chair, Symposium organizer: Hirokazu Arimoto, Masaki Kita
Wed. Mar 22, 2023 9:00 AM - 11:40 AM K102 (K102, Lecture Hall Bldg. [1F])

[K102-Tam-01] Insights into Chemical Defense in a Marine Sponge Holobiont
“Toshiyuki Wakimoto' (1. Hokkaido Univ.)
9:05 AM - 9:40 AM
[K102-Tam-02] Exploring fungal dormant genes and uncultured microorganisms
toward expansion of bioactive molecules
©Naoki Takaya' (1. Univ. Tsukuba)
9:40 AM - 10:15 AM
[K102-Tam-03] Regulation of body functions through interactions between food,
gut bacteria, and host
©Jun Kunisawa' (1. NIBIOHN)
10:15 AM - 10:55 AM
[K102-1am-04] Animal communication via odorant and pheromone
9Kazushige Touhara' (1. The University of Tokyo)
10:55 AM - 11:35 AM
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Insights into Chemical Defense in a Marine Sponge Holobiont (Faculty of Pharmaceutical
Sciences, Hokkaido University) OToshiyuki Wakimoto

Marine sponges often contain potent cytotoxic compounds, which usually target molecules
that are likely to be shared with the sponge itself. This fact in turn evokes the principle question
of how marine sponges avoid self-toxicity. We previously identified an intriguing mechanism
to prevent self-toxicity by the phosphorylation of the highly toxic calyculin A in the sponge
holobiont, which is catalyzed by the phosphotransferase CalQ of a producer symbiont,
“Candidatus Entotheonella” sp. Recently, the activating mechanism to dephosphorylate the
stored phosphocalyculin A protoxin was clarified. The phosphatase specific to
phosphocalyculin A was identified to be CalL, which is also encoded in the calyculin
biosynthetic gene cluster. Call represents a new clade and unprecedently coordinates the
heteronuclear metals Cu/Zn. The CalL is localized in the periplasmic space of the sponge
symbiont, where it is ready for the on-demand production of calyculin A in response to sponge
tissue disruption.

Keywords : Sponge; Cytotoxin, Bacterial symbiont; Chemical defense
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1) T. Wakimoto, Y. Egami, Y. Nakashima, Y. Wakimoto, T. Mori, T. Awakawa, T. Ito, H. Kenmoku, Y.
Asakawa, J. Piel, I. Abe, Nat. Chem. Biol. 2014, 10, 648-655. 2) T. Wakimoto, Y. Egami, 1. Abe, Nat.
Prod. Rep. 2016, 33, 751-760. 3) T. Jomori, K. Matsuda, Y. Egami, I. Abe, A. Takai, T. Wakimoto, RSC
Chem. Biol. 2021, 2, 1600-1607.
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Exploring fungal dormant genes and uncultured microorganisms toward expansion of bioactive
molecules ('Fuculty of Life and Environmental Science, University of Tsukuba, *Microbiology
Research Center for Sustainability, University of Tsukuba) ONaoki Takaya'?

Novel microbial compounds are a promising sources that expands the diversity of
biomolecular species. This talk will present two ideas and ongoing research to explore diverse
microbial compounds.

1) Fungal metabolism and epigenetic regulation

The genome of filamentous fungi encodes multiple gene clusters for secondary metabolite
(SM) synthesis, but SM is often repressed by epigenetic regulation through deacetylation of
acetyllysine residues on histones. We screened 180 fungal culture broths for inhibitor
compounds against the activity of sirtuin A, a histone deacetylase of Aspergillus nidulans.
Among the inhibitors obtained was diorcinol, which increased the production of SM in A.
nidulans and other filamentous fungi. These inhibitors could be tools for the search for new
fungal SMs.

2) Microdevices for uncultured bacteria

Uncultured bacteria are a vast source of compounds. We developed a culture device that isolates
and cultures single cells within 3600 microwells (0.2 mm in diameter) formed on a 3 cm square
glass substrate. The cultures on the device could be stored in a freezer and could be replicated.
The device was also able to isolate and generate pure cultures of environmental bacteria.
Identifying the isolates showed that this technology can culture different microbial species from
conventional methods, and is expected to be a tool for discovering new low-molecular weight
compounds.

Keywords - Filamentous fungi; Histone deacetylase; microdevise; Secondary metabolite;
Biosynthesis
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1) Hydrolase controls cellular NAD, sirtuin, and secondary metabolites. M. Shimizu, S. Masuo, T. Fujita,
Y. Doi, Y. Kamimura, N. Takaya, Mol. Cell Biol. 2012, 32, 3743.

2) 5-Methylmellein is a novel inhibitor of fungal sirtuin and modulates fungal secondary metabolite
production. R. Shigemoto, T. Matsumoto, S. Masuo, N. Takaya, J. Gen. Appl. Microbiol. 2018, 64, 240.
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Regulation of body functions through interactions between food, gut bacteria, and host

(!Center for Vaccine and Adjuvant Research, National Institutes of Biomedical Innovation,
Health and Nutrition (NIBIOHN), * Collaborative Research Center for Health and Medicine,
NIBIOHN) O Jun Kunisawa'*?

The relationship between the intestinal environment formed by intestinal bacteria and food
components and health is attracting attention. Analytical technologies such as genomic and
metabolomic analyses have made it possible to elucidate the biological regulatory functions
mediated by the complex intestinal environment at the molecular and compound levels. In this
presentation, I would like to present recent findings on the intestinal environment and body
functions, obtained by integrating human research and basic research using animal models.
Keywords : Commensal bacteria, Diet, Fatty acid, Allergy, Inflammation
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1) Oral administration of Blautia wexlerae ameliorates obesity and type 2 diabetes via metabolic
remodeling of the gut microbiota. K. Hosomi et al, Nat. Commun. 2022, 13, 4477.

2) Identification of Human Gut Microbiome Associated with Enterolignan Production. K. Sawane
et al, Microorganisms 2022, 10, 2169.

3) Intestinal microbe-dependent @3 lipid metabolite aKetoA prevents inflammatory diseases in
mice and cynomolgus macaques. T. Nagatake et al, Mucosal Immunol. 2022, 15, 289.
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Animal communication via odorant and pheromone (' Graduate School of Agricultural and Life
Sciences, The University of Tokyo) OKazushige Touhara '

Organisms have the ability to sense the hundreds of thousands of odorants and pheromones
that exist in the external world, precisely identify them, extract important information, and link
it to appropriate behavior. In addition, feeding behaviors such as eating and not eating are
controlled by smell and taste. These informants are sensed by odor, pheromone, and taste
receptors that are mainly expressed in olfactory, vomeronasal, and taste tissues. In mice, for
example, there are about 1,100 odor receptor genes and 300 pheromone receptor genes. While
odor and receptors have a many-to-many relationship, pheromone and receptors are often
precisely recognized with near one-to-one selectivity and specificity. We have been studying a
wide range of organisms, including insects, mice, primates, humans, and plants, to elucidate
the molecular, receptor, and neural mechanisms of odor, pheromone, and taste sensing. This
talk will introduce the extremely elaborate chemical sensing mechanisms in living organisms.
Keywords : Odorant, pheromone, receptor, chemical sensing, olfactory
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1) Itakura, T. et al. Neuron 110,2455-2469 (2022), 2) Kato, M. et al. Proc. Natl. Acad. Sci. USA 119 (21),
€2114966119 (2022), 3) Osakada, T. et al. Nat. Commun. 13, 556 (2022), 4) Shirasu, M. et al. Curr. Biol.
30, 2131-2138 (2020), 5) Horio, N. et al. Nat. Commun. 10, 209, (2019), 6) Osakada, T. et al. Nat.
Commun. 9, 4463, (2018), 7) Ishii, K. et al. Neuron 95, 123-137 (2017), 8) Shirasu, M. et al. Neuron 81,
165-178 (2014), 9) Yoshikawa, K. et al. Nat. Chem. Biol. 9, 160-162 (2013), 10) Haga, S. et al. Nature
466, 118-122 (2010), 11) Sato, K. et al. Nature 452, 1002-1006 (2008), 12) Oka, Y. et al. Neuron 52, 857-
869 (2006), 13) Kimoto, H. et al. Nature 437, 898-901 (2005), 14) Nakagawa,T. et al. Science 307, 1638-
1642 (2005)
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Symposium | Medium and Long-Term Program | Artificial photosynthesis: Visualizing and manipulating photo-generated
carriers

[AT1-1am] Artificial photosynthesis: Visualizing and manipulating photo-

generated carriers
Chair, Symposium organizer: Hiroaki Misawa, Ryu Abe
Wed. Mar 22, 2023 9:00 AM - 11:40 AM A1 (Auditorium, Bldg. 7 [6F])

[A1-Tam-01] Time-resolved IR absorption spectroscopy to unravel the behavior of
photocarrier dynamics and the mechanism of photocatalytic reactions
OAkira Yamakata' (1. Okayama University)
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Time-resolved IR absorption spectroscopy to unravel the charge carrier dynamics and the
mechanism of photocatalytic reactions (Faculty of Natural Science and Technology, Okayama
University) O Akira Yamakata

Light energy conversion efficiency of photocatalysis is determined by the behavior of
photogenerated charge carriers, hence we have to elucidate and control them for the further
activity enhancement. Time-resolved absorption spectroscopy from visible to mid-IR regions
is useful for examining the behavior of photogenerated charge carriers because the
photogenerated holes and electrons exhibit transient absorption signals in the visible and mid-
IR regions, respectively. By observing their absorption peaks and their temporal intensity
changes, trapping of charge carriers as well as the recombination kinetics can be studied. At
the conference, we will show several examples for highly active photocatalysts.

Keywords : Photocatalysis; Charge Carrier Dynamics, Time-resolved IR
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(1) A.Yamakata, J. J. M. Vequizo, and M. Kawaguchi, J. Phys. Chem. C, 119, 1880 (2015).
(2) K. Kato, J. Z. Jiang, Y. Sakata, and A. Yamakata, ChemCatChem, 11, 6349 (2019).
(3) A. Yamakata, H. Yeilin, M. Kawaguchi, T. Hisatomi, J. Kubota, Y. Sakata, and K. Domen, J.

Photochem. Photobiol. A., 313, 168 (2015).

(4) A. Yamakata, J. J. M. Vequizo, T. Ogawa, K. Kato, S. Tsuboi, N. Furutani, M. Ohtsuka, S. Muto,
A. Kuwabara, and Y. Sakata, ACS Catal., 11, 1911 (2021).
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Direct Observation of Photoinduced Charge Carrier by Microwave Spectroscopy and its
Application to the Acceleration of Photocatalyst Development (‘Graduate School of
Engineering, Osaka University) O Akinori Saeki'

Owing to the rapid advancement in computer hardware and quantum chemical software,
chemists can relatively easily calculate the electronic properties of semiconducting
photocatalysts. However, these computed parameters do not always govern the overall
photocatalytic activity of semiconductors because of the complexity of photochemical
reactions and other undesired factors. Here, the author discusses the relationship between the
effective mass of the charge carrier (m*) calculated by density functional theory (DFT),
transient pseudo-photoconductivity maximum (@Xumsx) determined by time-resolved
microwave conductivity (TRMC), and photocatalytic activity for layered oxyhalide
photocatalysts (PbBiO,Cl and SrBiO,Cl). Notably, the pXumax from TRMC and O-evolution
rates of SrxPb;_«BiO,Cl solid solutions tend to decrease with x, consistent with the change in
m*. This work encourages efficient exploration of potential semiconducting photocatalysts
based on transient spectroscopies and computed parameters.

Keywords : Microwave Conductivity, Photocatalyst; Anisotropy,; Effective Mass of Charge
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1) A. Saeki, Polym. J. 2020, 52, 1307. 2) H. Suzuki, M. Higashi, H. Kunioku, R. Abe, A. Saeki, ACS
Energy Lett. 2019, 4, 1572. 3) H. Suzuki, S. Kanno, M. Hada, R. Abe, A. Sacki, Chem. Mater. 2020, 32,
4166. 4) K. Yamada, H. Suzuki, R. Abe, A. Saeki, J. Phys. Chem. Lett. 2019, 10, 1986.
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Molecular design of photocatalysts for the highly efficient reduction of CO,

(School of Science, Tokyo Institute of Technology) Yusuke Tamaki

Toward photocatalytic CO; reduction system using solar energy efficiently, both
wider range of visible light utilization and higher reaction quantum yield are important. Since
redox photosensitizer strongly influences these factors, we have developed redox
photosensitizers with high functionality. The elements of photosensitizer to increase reaction
quantum yields was clarified. In order to enlarge the utilizable wavelength range of visible light
by maintaining photosensitizing function, the photosensitizers displaying unique photophysical
properties such as S-T absorption and thermally activated delayed fluorescence (TADF) have
been also developed.

Keywords : Photocatalyst; Redox photosensitizer; CO: reduction; S-T absorption;, TADF
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Figure 1. Structures of redox photosensitizers.

1) Tamaki, Y.; Ishitani, O. In Reference Module in Chemistry, Molecular Sciences and Chemical
Engineering; Elsevier: 2022.

2) Tamaki, Y.; Koike, K.; Morimoto, T.; Ishitani, O. J. Catal. 2013, 304, 22.

3) Ozawa, K.; Tamaki, Y.; Kamogawa, K.; Koike, K.; Ishitani, O. J. Chem. Phys. 2020, 153, 154302.
4) Tamaki, Y.; Koike, K.; Morimoto, T.; Yamazaki, Y.; Ishitani, O. Inorg. Chem. 2013, 52, 11902.

5) Irikura, M.; Tamaki, Y.; Ishitani, O. Chem. Sci. 2021, 12, 13888.

6) Uoyama, H.; Goushi, K.; Shizu, K.; Nomura, H.; Adachi, C. Nature 2012, 492, 234.

7) Nakanotani, H.; Tsuchiya, Y.; Adachi, C. Chem. Lett. 2021, 50, 938.
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Design of a photocatalyst achieving overall water splitting with a quantum efficiency of almost
unity ('Research Initiative for Supra-Materials, Shinshu University, *Office of University
Professors, The University of Tokyo) OTsuyoshi Takata,' Kazunari Domen'~

Photocatalytic water splitting is of interest as a means of clean and renewable hydrogen
production via solar energy conversion. Photocatalytic overall water splitting consists of
reversible multielectron transfer steps. Thereby, there are multiple opportunities of back
electron transfers, that inevitably causes a loss of quantum efficiency. It is an open question
whether or not photocatalytic overall water splitting with 100% quantum efficiency can be
achieved. If it is possible, revealing the catalyst structure enabling such a high efficiency is
another interest. We will introduce a demonstration of overall water splitting with near 100%
quantum efficiency, along with the preparation, structure and function of the photocatalyst.
Keywords : Photocatalyst; Water splitting; Cocaytalyst; Quantum efficiency
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1) T. Takata et al, Nature. 2020, 581, 411-414.
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Library Synthesis of Sequence-Controlled Vinyl Polymers Composed of Commodity Monomer
Units for Sequence-Dependent Properties ('Graduate School of Engineering, Kyoto
University) OMakoto Ouchi'

We have developed some methodologies to synthesize sequence-controlled vinyl polymers
composed of commodity monomer units (Figure 1). Crucial to such challenging syntheses is
design of transformable monomers, control of the copolymerization based on the inherent
reactivity ratios, and post-polymerization modification (PPM) for transformation into well-
known monomer units. The advantage of our strategy is that we can synthesize a series of
sequence-controlled polymers carrying various pendant groups according to the reagent in the
PPM process, which is helpful for clarification of sequence-dependent properties/functions
through comparison with the corresponding statistical copolymers. Our efforts were also
directed to syntheses of block copolymers containing the alternating copolymer segment
toward investigation of the peculiar self-assembly behaviors.

Keywords : Sequence; Copolymer; Radical Polymerization; Transformation; Functions
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1) Shibata, K.; Kametani, Y; Daito, Y.; Ouchi, M., J. Am. Chem. Soc. 2022, 144,9959-9970. 2) Kametani,
Y.; Ouchi, M., ACS Polymers Au 2021, 1, 10-15. 3) Kametani, Y.; Tournilhac, F.; Sawamoto, M.; Ouchi,
M. Angew. Chem. Int. Ed. 2020, 59, 5193-5201.
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Chemistry of Supramolecular Polymers with Controlled Sequence and Structure (' Graduate
School of Advanced Science and Engineering, Hiroshima University, *International Institute
for Sustainability with Knotted Chiral Meta Matter (SKCM?), Hiroshima University) O
Takeharu Haino'?

In this presentation, we will describe topics dealing with the development of sequence-
controlled supramolecular terpolymers. Calix[5]are-Cgo, bisporphyrin-trinitrofluorenone, and
Hamilton's host-guest interactions are directed via n- stacking, donor-acceptor, hydrogen
bonding interactions, respectively. These host-guest interactions show perfect orthogonality;
thus, they are not scrambled to each other. Mismatch host-guest pairs are installed to monomers
1, 2, and 3, which show the head-to-tail polymerization in a self-sorting manner due to the high
orthogonality of the host-guest interactions.

Keywords : Supramolecular Polymers, Supramolecular Capsule; Sequence; Terpolymer, Graft
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%, B/ ~—1,2,3IFNTENE /) ~v—L L THFELTW, LA, BED LS
L BIZHEHBENEML, SAERIZ200 BT O 717K U ~ —poly-1+2:3D KA
R STz, £, WIKOKSE S &0 FIRIRICRHEBIRIGE 2R L TEB Y, miRER
WRHIHFEET DT/ ~—1, 2, 3T HHICEWEAE DB TR Y ~—poly-1:2:3D
& SCRF LT,

1) T. Sequence-Controlled Supramolecular Terpolymerization Directed by Specific Molecular
Recognitions. T. Hirao, H. Kudo, T. Amimoto, T. Haino, Nat. Commun. 2017, 8, 634.
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Molecular Nanometallics — Precise Control of Metal Atom Assembly (School of Materials and
Chemical Technology, Tokyo Institute of Technology) OTetsuro Murahashi

It is challenging to control the dimensionality, size, and packing of multiple metal atoms in
construction of molecularly well-defined metal nanoclusters. Our group has recently developed
a method to control metal assembly by using the n-conjugated unsaturated hydrocarbons as the
multidentate bridging ligands. In this presentation, recent results in our research will be
summarized, those including chemical synthesis and structural characterization of close-
packed and non-close-packed metal nanoclusters.

Keywords : Metal Complexes; Metal Clusters, Organometallic Complexes
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L DOENL T % VD356 BN KT DI >N CEA T DENL 75 b KRR
T 570, GRS NG L 72 D3RS D, ¥R T Z LN ARER T ) &R
TAB =T AR Xy X TBRINNCHEL T 2 TIEOBRRERNLEEN T D,

Fox i3, T, 1 — R ARARRIRACKEE 2 H X v v TR EEAGEL 7 & LT
AWTEBIR - OEEFE ZHIET DR E1T> T D, RFIEE, SEEERFE
M-M FEBZRR L7 & n— 35 R AR ffn iR bk & EICER - 503 2% E 2 5 H
LT, &R0 EL D FLAVTHIILE Y L3560 THDL, KAFEEZHNWSZ L
WX, Y Ry TFRO—RILEREIHT 7 AX— _ReEEy— N T AKX —%
A2 Z LI LTV 213D, ZIRTCIREFRIERR 7 7 A X — & BINAJITHEE T
XHZELRHBLTND (K1), AEETIE, FFICREEE Sh 2 Zkood iR 15
A OHENCEREZ Y T, R OERIZOVWTREKT 5,

metal chain metal sheet metal agglomerate
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Precise Connection of Metal Cluster and Organic Molecule (Department of Applied Chemistry,
Faculty of Science, Tokyo University of Science)O Yuichi Negishi

Precisely ordered arrangements of metal clusters and organic molecules are expected to lead to
the development of new physicocheimcal properties that are different from those of individual
materials. Therefore, we have been working on the creation of precise connected-structures
composed of these materials. In this talk, we will present the creation of novel precise
connected-structures consisting of metal clusters, metal clusters and organic molecules, and
organic molecules. We hope to explore new functions of these structures through discussions
with the participants of this symposium.

Keywords : metal cluster; organic molecule; precise connection, covalent organic framework

WIET T AL =R T EREEFIRLEILZ N D 4 LI R DR et
DFBUTEN D LW SN D, £ THL T, ZNO0 5 72 HEEER G R ORI
WD AA TN D, AFEH T, @R I AZ—[Ft, &87 7 27— L Gn1.
KOG F A 1200 & 72 2 HU RS B RS S AR DAL SV TR T D,

léﬁ y 7 x 5 - Iﬁ :t] Intra-cluster ligand interaction Inter-cluster ligand interaction 1D a§sembl1‘
SR TAL—ETNAL AL L N, 27 [ me §§~ S | | | srina
= f" Ll ~ re uvsion P R

TSHTL1eoicid, &R 72 ’ —

nearly straight

L S

Y% b HREDOKE S ETH Trel | &‘%'é» e [l shesgests e

BIEDRERHD, LoLan [ 700 Pom | ties & [adm]| T
G BT, HEEHLICE L | Le fé‘%—i | &

3‘
3

ing

BB 5 A4 —OREILHED | e | | .
TRONTEY, TNDX /B by | om0 mAmaL

EIZ LB 7R B, EFEkIC LY

Rl SO PMEPHEREIZ DWW T | Fa ETHE AR LN TIW W, £ 95 Lcd, fix
X, 47— 1 (SR) & AwPtL 547 7 A% — ([AwPt(SR)]) (ZOWT, KD 4
DHEABNIT LD ) [AwPGL(SR)O I, Au-Au A E N Lz —%kot (1D) EiktEd
ROFERENNC 2 VGLER T TAX—ThH D ;2) WTILO[ALPLSR)Y &AL L
TS 2 A L TV DR, 7 T A X —N TORMEF B BRI E IR & A7
LCHRL-TEY, 2OZE LR LT, BEELFOJAN Y F & EREIEMEICEKT LT
HipoTWD 5 3) BfLFDIRR Y FOENTERK LT, 7 7 A F—HTORNLFH
FEEAERMNZ L L, 23U XLV | 1D #iEHE O RA oG E N2k T % (Fig.
1) ;4) 1D BFEHEEROTEIL, N REX vy v TORD ZFHRT 5, 25 OREFRIE,
YL OEFEREZ AT 2 1D @SR AR T 572D, 7 7 A Z-NORLF
MFBEERORIBENBITOMERH D EEEIELTWD, ) LizaRiE, BoO

© The Chemical Society of Japan -K102-1pm-04 -



K102-1pm-04 BALFS H103BFES (2023)

HEREEAOHREE AT 2887 7
X&—%ﬁ%%@@?étfw%%
IRRRFHREN RS D LW S D,

KQE792$~&ﬁﬁﬁ%l
DHFFETIE. Agn B LT Agu
&7%& ETEFLUEY DR
L2026 70 2 5 B 1 IR D Al Y
W L7z (Fig.2), ZH4uh 2 DDkE
FHAEERIT, [fx 0 7 24 S - Dl )
—EDLEDPICEVREERL [y ) age b v Lo B SRS RO
Too 2D RS HEEERIT . DNA R Agy 7 724 —LTEF LY SUBRN 7057
HE Yo 7Ny 7 75 R FEEEAE I IR oD 2 (r A
EOUGEICEBR LG D Z &R ST,

(CeE P i |

B FREORBERINC LV RS
LIAREG A EREER (COF) 1X, ~Uh
TNRBATA MLl b, B4l
BEMELE LTHEABEZED TS, Fix Tk
IT, 1) FZ7 v 77 U Y —|Z5 Lz COR? &
2) IKIFAL KR & 3R & BRI L 72 COF 5
DR T D 2 Lk Lz, Bk
RZ7 w77 V8 =i L7z COF IZ2V"T  Fig 3. TAPP & DPTB-Me X 0 725 3 ke
i, ESRFEAICHEYS 9 50F (TAPP) & gasso COF obys,
BRI XL YT 545 F (DPTB-
Me) A GHOED Z & T, 3 ke BEMED COF ZGHT 2 Z LITH Lz (Fig.
3), Z® COF OLFEEMEIX 679 mY, & KX, WEICSESERTAZWKTE D
Z L DHER ST, EREICHIRAI O LRy Th DA T a7 = xR E LT EEA
EEEBREL Y, 20O COF X, thoxx V7oL T, o< Y IEANZ R
LDMENRHD Z ENHBNEIRo T,

1) S. Hossain, Y. Imai, Y. Motohashi, Z. Chen, D. Suzuki, T. Suzuki, Y. Kataoka, M. Hirata, T. Ono, W.
Kurashige, T. Kawawaki, T. Yamamoto, Y. Negishi, Mater. Horizon, 2020, 7, 796—803.
2) S. Das, T. Sekine, H. Mabuchi, T. Irie, J. Sakai, Y. Zhao, Q. Fang, Y. Negishi, ACS Appl. Mater.

Interfaces, 2022, 14, 48045—48051.
3) Z. Li, S. Das, T. Sekine, H. Mabuchi, R. Kaneko, J. Sakai,T. Irie, E. Kamio, T. Yoshioka, J. Suo, Q.
Fang, T. Kawawaki, H. Matsuyama, Y. Negishi, ACS Appl. Nano Mater., 2022, 5, 17632—17639.

© The Chemical Society of Japan -K102-1pm-04 -



K102-1Tpm-05 BAlLSS B103BSES (2023)

BKRBEBERISARERDI=HOD O —7 02 v JLIBRIEERE

CGRRBET ) Olin Fot !

Sequential Supported Catalyst Design for Development of Dehydrogenative Oxidation
Reactions ('School of Engineering, The University of Tokyo)

OKazuya Yamaguchi'

Solid catalysts have the advantages of easy catalyst/product separation, easy catalyst
reuse/regeneration, and excellent resistance under thermal and oxidative conditions. In addition,
supported catalysts can integrate several functions on their surface by the sequence of selection
and design of supports, creation of main active sites, and introduction of auxiliary active sites.
In this presentation, we will discuss our sequential supported catalyst design strategy for the
development of environmentally benign dehydrogenative oxidation reactions in detail, along
with some examples of our reaction developments.

Keywords : Dehydrogenative Oxidation; Supported catalysts; metal nanoparticles; metal oxide
clusters
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1) K. Yamaguchi, X. Jin, T. Yatabe, K. Suzuki, Bull. Chem. Soc. Jpn. 2022, 95, 1332.

2) X. Jin, K. Kataoka, T. Yatabe, K. Yamaguchi, N. Mizuno, Angew. Chem. Int. Ed. 2016, 55, 7212.

3) T. Yatabe, K. Yamaguchi, Nat. Commun. 2022, 13, 6505.

4) T. Yatabe, X. Jin, K. Yamaguchi, N. Mizuno, Angew. Chem. Int. Ed. 2015, 54, 13302.

5) T. Yatabe, X. Jin, N. Mizuno, K. Yamaguchi, ACS Catal. 2018, 8, 4969.

6) D. Takei, T. Yatabe, X. Jin, T. Yabe, N. Mizuno, K. Yamaguchi, ACS Catal. 2020, 10, 5057; D. Takei,
T. Yatabe, T. Yabe, R. Miyazaki, J. Hasegawa, K. Yamaguchi, JACS Au 2022, 2, 394.

7) K. Xia, T. Yatabe, K. Yonesato, T. Yabe, S. Kikkawa, S. Yamazoe, A. Nakata, K. Yamaguchi, K
Suzuki, Angew. Chem. Int. Ed. 2022, 61, €202205873.

8) X.Jin, K. Taniguchi, K. Yamaguchi, K. Nozaki, N. Mizuno, Chem. Commun. 2017, 53, 5267; X. Jin,
Y. Koizumi, K. Yamaguchi, K. Nozaki, N. Mizuno, J. Am. Chem. Soc. 2017, 139, 13821.

9) K. Taniguchi, X. Jin, K. Yamaguchi, K. Nozaki, N. Mizuno, Chem. Sci. 2017, 8, 2131; Y. Koizumi,
X. Jin, T. Yatabe, R. Miyazaki, J. Hasegawa, K. Nozaki, N. Mizuno, K. Yamaguchi, Angew. Chem.
Int. Ed. 2019, 58, 10893; S. Takayama, T. Yatabe, Y. Koizumi, X. Jin, K. Nozaki, N. Mizuno, K.
Yamaguchi, Chem. Sci. 2020, 11, 4074.
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A Deep Dive into Biomolecular Condensates formed via Liquid-Liquid Phase
Separation of Intrinsically Disordered Proteins

Samrat Mukhopadhyay
Indian Institute of Science Education and Research (IISER) Mohali
Email: mukhopadhyay@iisermohali.ac.in Website: https://www.MukhopadhyayLab.org

Liquid-liquid phase separation (LLPS) of intrinsically disordered proteins/regions (IDPs/IDRs) into
intracellular biomolecular condensates is involved in critical cellular functions. However, aberrant phase
transitions are associated with debilitating neurodegenerative diseases. We discovered that the prion protein
(PrP) can undergo LLPS via weak, multivalent, transient intermolecular interactions between the N-terminal
IDR that resembles a yeast prion-like domain comprising five glycine-rich octapeptide repeats and a
hydrophobic segment. An intriguing disease-associated amber stop codon mutation (Y145Stop) of PrP yields a
C-terminally truncated intrinsically disordered fragment that is associated with Gerstmann-Straussler-Scheinker
syndrome and familial cerebral amyloid angiopathy. We demonstrated that Y145Stop spontaneously phase-
separates into highly dynamic liquid droplets under physiological conditions (1). Our bioinformatic,
spectroscopic, microscopic, and mutational studies coupled with single-droplet vibrational Raman spectroscopy
revealed highly dynamic internal organization within condensates and illuminated the critical molecular drivers
of LLPS of Y145Stop. Upon aging, these highly dynamic liquid droplets undergo a liquid-to-solid phase
transition into highly ordered, beta-rich, amyloid aggregates that exhibit a characteristic autocatalytic self-
templating behavior. Therefore, LLPS-mediated amyloid formation can potentially represent a noncanonical
phase transition pathway to self-replicating prions. The propensity for the aberrant phase transition is much
lower for the full-length PrP indicating an evolutionarily conserved role of the folded C-terminal domain (1,2).
Our recent results also showed intriguing spatiotemporal modulations in complex coacervation of PrP with other
neuronal IDPs into heterotypic, multi-component, multi-phasic, multi-layered condensates in the presence of
RNA. These multi-component condensates can act as reaction crucibles to catalyze the amyloid conversion of
these functional assemblies into pathological aggregates associated with overlapping neuropathological features
(3). I will describe our work on the characterization of biomolecular condensates using ultrasensitive surface-
enhanced Raman scattering (4). | will also discuss our recent findings on the contribution of Ramachandran
dihedral dynamics in controlling the internal friction of IDPs that govern their phase behavior (5).
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Time-resolved insights into signaling mechanisms of light sensor
BLUF proteins

(Graduate School of Science, Kyoto University) OYusuke Nakasone, Masahide Terazima
Keywords: Photoreaction; Light sensor protein; Conformational change; Transient grating

To understand the molecular mechanism of protein function, it is necessary to detect
conformational changes and intermolecular reactions with high time resolution. We have
developed a method to reveal protein reactions based on time-resolved transient grating
(TG) spectroscopy, which can measure diffusion coefficient (D) in time domain. Since D is
sensitive to size and shape of molecule and its interaction with solvent, the intra- and
intermolecular reactions can be traced by measuring time-resolved changes in D. In this talk,
we introduce our recent works on the reaction dynamics of blue light sensor BLUF proteins.

BLUF (Blue Light Sensor SN[ Primary structure Biofunction Photoreaction (TG)
USing Flavin) proteins are blue PAC N NI AC Synthesis of cAMP Rotation of AC
hght receptors ublqultouSIY Blrp1 N —REHTZ EAL Biofilm formation Open movement of EAL

present in  bacteria and | .0
unicellular eukaryotes."> They
consist of a flavin-binding

BLUF EAL c Gene expression Dimerization

EB1 N EAL  BLUF c Hydrolysis of c-di-GMP Dimerization

. Figure 1. List of several BLUF proteins with primary structures,
BLUF domain and another biofunctions and photoreactions revealed by TG spectroscopy.

functional domain (Fig. 1). In general, upon photoexcitation of the flavin chromophore,
absorption spectrum is red-shifted by ~10 nm.? This shift is due to a reorganization of a
hydrogen bond network around the chromophore that occurs within a few hundred
picoseconds upon photoexcitation. This local conformational change is transmitted to
downstream domains and molecules to function, but the details of the signaling mechanism
have not been elucidated. This is because absorption measurements can only detect changes
in the vicinity of the chromophore and cannot capture structural changes in the protein part
and/or changes in intermolecular interaction such as association/dissociation reactions.
Here, we show the

time-resolved diffusion technique is 4r
effective in monitoring the time 3r '\("jF#eCP'af
. . Irrusion
course of spectral-silent reactions of 2l Thermal
diffusion

proteins. Photoactivated adenylate 1L/
cyclase (PAC) from cyanobacterium \
is one of BLUF proteins and it < 0001 001 01 |
consists of a BLUF domain and an 1/s _

. . Figure 2. (a) Crystal structure of PAC (PDB ID: 4YUT). (b) TG signals
adenylate cyclase (AC) domain (Fig.  of full-length PAC (red line) and BLUF domain of PAC (blue line).
1 and Fig. 2a).* Figure 2b shows the TG signal of a full-length PAC and a short construct

containing only the BLUF domain. After a thermal diffusion signal, a molecular diffusion

signal observed for both samples, but profiles are different from each other, i.e., the
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full-length PAC showed a rise-decay signal, while a monotonous decay signal was observed
for the short construct. Since the rise-decay signal appears only when D of the
photo-product is significantly different from that of the reactant, the observed TG signals
represent that the diffusion sensitive conformational change (DSCC) occurs only for
full-length protein. Detailed analysis of the diffusion signal determined the rate constant of
the D change to be 57 ms, which has been attributed to the rotational movement of the AC
domain in the light state. We have also elucidated the photoreactions of several BLUF
proteins listed in Fig. 1 by the TG method>*, and found that the DSCC occurs outside the
BLUF domain for all BLUF proteins studied so far. Interestingly, though the light-induced
changes of absorption spectra are well conserved among BLUF proteins. the reactions in the
protein part show a high diversity, which may be related to their diverse functions.

As demonstrated above, D change is highly sensitive to protein reactions, but it is
difficult to obtain atomic-level information by itself. Therefore, we recently performed
NMR spectroscopy incorporating an optical fiber and a blue laser in order to analyze the
structural changes induced by light illumination in detail. We examined the conformational
changes of eBULF, which consists of the BLUF domain of EB1 with a short C-terminal
extension. We found that, in addition to changes in the vicinity of the chromophore,
conformational changes occur in the 4-B5 loop region and the C-terminal helix (Fig. 3a).
Since W91 in the B4-B5 loop was previously suggested to be important for signal
transduction, we measured a W91 mutant (W91A) and found that the light-dependent
conformational change was significantly suppressed by this mutation. On the basis of these
results, we propose a signal transduction mechanism in which a local reaction in the vicinity
of the chromophore is transmitted to the C-terminal helix via the 4-B5 loop, leading to
subsequent reactions such as dimerization reactions (Fig. 3¢). Thus, combining the TG and
NMR spectroscopies enables us to study the dynamic behavior of proteins in solution with
high temporal and spatial resolution.
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Figure 3. (a) Mapping of residues showing chemical shift differences upon light illumination on the eBLUF
model structure (cyan: 0.5 ppm >d = 0.2 ppm, green: 1.0 ppm > d = 0.5 ppm, magenta: d = 1.0 ppm).
(b) Time-resolved reaction scheme of eBLUF.

(1) S. Masuda. Plant and Cell Physiology, 2013. 54, 171. (2) S. Y. Park, J. R. H. Tame. Biophysical
Reviews. 2017. 9, 169. (3) J. T. Kennis, M. L. GrooL. Current Opinion in Structural Biology.2007. 17,
623. (4) M. Ohki et al. Proc Natl Acad Sci U S A4. 2016. 113. 6659. (5) Y. Nakasone et al. J Am Chem Soc.
2007. 129. 7028. (6) Y. Nakasone et al. J Phys Chem B. 2019. 123. 3210. (7) K. Shibata et al. J. Phys.
Chem. B. 2022. 126, 1024. (8) S. Tokonami et al. J. Am. Chem. Soc. 2022. 144, 4080. (9) Y. Nakasone, M.
Terazima. Photochem Photobiol Sci. 2022. 21. 493-507.
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Mining Raman Big Data with Independent Component Analysis
Based Blind Source Separation Algorithm

(Collage of Science and Engineering, Aoyama Gakuin University) ORintaro Shimada
Keywords: Raman Spectroscopy; Multivariate Analysis; Big Data

Raman spectroscopy is a powerful method for the non-invasive analysis of complex
chemical systems such as living cells. However, due to the comprehensive nature of Raman
scattering, in which virtually every molecule under laser irradiation contributes to the signal,
the analysis of complex spectral data obtained from biological samples has been a challenge
to researchers, especially who were not experts in spectral analysis. Therefore, the
development of easy-to-use methodologies to extract and separate biochemical information
from the observed spectral dataset is an important challenge that must be overcome.

In this study, we present a blind source separation algorithm for a large Raman
spectral dataset based on independent component analysis (ICA) for separating mixed
Raman spectra obtained from heterogeneous mixtures into component spectra. Systematic
study of artificially prepared model Raman data sets revealed that a simple preprocess
through numerical differentiation could enhance intrinsically low statistical independence of
typical Raman spectral patterns. Hence, we propose a new spectral component
decomposition method based on the scheme shown in Figure 1. Here, the principal
component analysis serves as preprocessing for dimensionality and noise reductions. The
numerically differentiated principal component loading spectra were analyzed with ICA for
deducing the unmixing matrix (W) of the observed dataset (A) into chemically interpretable
components spectra (Peem) and its quantity vectors (Tehem). Application to experimentally
obtained Raman datasets from the biological specimen will be discussed in the presentation.

(| PCA

A=TP

()| Differentiation + ICA
(Pchem)’ = W (PY’
@) Unmixing loadings
Pchem = WP

)| Reconstruction of scores
\/ Tchem = T W'|

Decomposition result

A = Tchem Pchem

Figure 1. Schematic of the blind source separation algorithm.

PCA: Principal component analysis.
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Exploring the Migration and Clustering of Catalytic Relevant
Defect Sites via First-Principles-Based kMC Simulations

(‘Department of Chemistry, National Sun Yat-sen University, *Insitute of Atomic and
Molecular Sciences, Academia Sinica) O Cheng-chau Chiu,! Po-Yuan Wang,' Bo-An
Chen,? Yu-Chi Lee?

Keywords: kinetic Monte Carlo, kinetics, MoS,, vacancy, diffusion

A rising concept in the field of catalysis is the idea of “defect engineering,”" which
introduces defects into a catalyst structure to tune the activity and selectivity. From this, it
can be seen that defect and vacancy sites are important for catalysis. For instance, the
S-vacancy sites on MoS; have recently been discussed as essential for the catalytic CO,
conversion.>® It is also known that the electronic structure of such S-vacancies, and with
that likely also their catalytic behavior, can vary with their sizes and shapes.* Thus, whether
an introduced defect structure on a catalyst is stable or not becomes a critical aspect when
evaluating the long-term applicability of a catalyst.

In the context of computational investigations on MoS,, literature has, so far, only
reported the migration barriers of S-vacancies in different environments.” However, what
these data mean for long-term stability and how they are reflected in the surface structure of
a defective MoS, surface has remained unclear. This presentation will show how we
combine DFT calculations with a kinetic Monte Carlo model to investigate these issues.® On
the one hand, we will discuss the stability and surface mobility of S-vacancies of different
sizes and shapes. On the other hand, it will be shown how defective MoS, surfaces evolve
with time. It could be shown that S-vacancy sites on MoS, are highly dynamic structures
that are constantly changing their shapes. However, the mobility of the S-vacancies is
typically limited to a constrained space, so migrations over large distances are rather
unlikely. This is a direct result of the strong dependency of the vacancy migration barriers
on the immediate surrounding of the vacancy site.
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Using our kMC model we show that large, extended S-vacancies are relatively unstable
on MoS,. In equilibrium, one finds an alternating pattern of occupied S-sites and
S-vacancies instead. The results shown in the presentation will contribute to a better
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understanding of catalyst aging and deactivation processes. In addition, it will be illustrated
that it is vital to consider the stability of defect structures when designing
“defect-engineered” catalysts.

1) Q. Wang, Y. Lei, D. Wang, Y. Li, Energy Environ. Sci., 2019, 12, 1730. 2) J. Hu et al., Nat. Catal.,
2021, 4, 242. 3) F. Studt, Nat. Catal., 2021, 4, 184. 4) P. Vancso6, G. Z. Magda, J. Pet6, J.-Y. Noh,
Y.-S. Kim, C. Hwang, L. P. Bir6 and L.Tapaszto, Sci. Rep., 2016, 6, 29726. 5) D. Le, T. B. Rawal, T.
S. Rahman, J. Phys. Chem. C, 2014, 118, 5346. 6) P.-Y. Wang, B.-A. Chen, Y.-C. Lee, C.-c. Chiu,
Phys. Chem. Chem. Phys., 2022, 24, 24166.
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Dynamic processes of charge-transfer excitons at the donor-
acceptor interface of organic thin-film solar cells

(!Department of Department of Mathematical and Physical Sciences, Japan Women's
University) O Azusa Muraoka'

Keywords: Non-fullerene acceptors, Organic solar cells, Charge transfer exciton, DFT
calculation, Huang-Rhys factors [5 words at most]

Sunlight is a versatile power generation source that generates charge and power
generation energy by causing electronic excitation of devices, photocatalysis, and solar
heating, and solar cells are devices that convert solar energy, a renewable resource, into
electrical energy. It has been reported that non-fullerene organic thin-film solar cells using
n-conjugated non-fullerene as acceptor molecules are effective in increasing the short circuit
current due to the high absorption efficiency of visible light in the D/A layer.!:? Therefore,
the key point should be the dynamic process of “exciton” generated at the interface of D/A
stacked structures and the photoelectric conversion mechanism, and it is important to clarify
the formation and dissociation of exciton and the diffusion process of generated carriers.?
Two hypotheses have been formulated for the process by which photoinduced excitons
generate free carriers (electrons and holes). One is the "cool process" in which excitons
generated on the D side relax to the charge-transfer state at the D/A interface and thermally
unbind the charge-transfer state to generate a charge-separated state, i.e., free electron
carriers, and the other is the "hot process" in which excitons do not relax to the charge-
transfer state at the D/A interface but generate free The other is a process called "hot
process" in which excitons generate free electron carriers without relaxing to a charge
transfer state at the D/A interface. The applicant found that in highly efficient organic solar
cells, the Frenkel-type exciton generated on the D side becomes a charge-transfer (Wannier-
type) exciton at the interface, and its size (electron-hole distance) is correlated with
conversion efficiency.**

The charge-transfer exciton at the initial generation ‘?EE"\"’"
stage of formation is a weakly bound electron- @/
hole polaron pair, and the process of their p* Hotprocess @+ Q)
dissociation into free electron polarons and izﬁ T CS
hole polarons without relaxing to the charge- & CT_E -
transfer state is predicted to correspond to the E Coottrocess
"hot process". Therefore, the choice between Recombination
the Cool process and the Hot process is GS — -
thought to be due to the electro-kinetic Separation Distance

interactions in the exciton state at the interface.
Figure 1 Energetics of relevant states at

D/A interfaces.

In order to systematically elucidate the
mechanism  of charge generation, we
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performed DFT calculations of organic thin-film solar cells with a polymer donor molecule
PTB7 and non-fullerene acceptor molecules BTAx (x = 1, 3), which exhibit high external
quantum efficiency in bulk heterostructure with appropriate acceptor molecules.
calculations to study the charge dissociation process of excitons (Figure 1).’
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. e
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Figure 2 Chemical formula of acceptor and donor molecules (a) BTA1 (b)BTA3 and (c)
PTB7

In this study, we use time-dependent density functional theory calculations to obtain the
electronic excitations of D/A molecular complexes, analyze the electronic structure of
charge-transfer excitons at the D/A interface, and determine the electron-hole distance. In
addition, coupling calculations of electron transfer/excitation energy transfer, structural
optimization of charge-transfer exciton states, and analysis of vibronic interactions will be
used to analyze the possibility of electron-hole polaron pair formation, as well as the
mechanism of free electron and hole polaron formation.

From the analysis of the electronic total coupling of the D/A complex, we predicted that
the weaker the Coulomb coupling, the longer the charge transfer distance (exciton diffusion
length) and the larger the exciton size, and the easier the state of charge separation
(dissociation).® From the viewpoint that the relaxation of the initially generated charge-
transfer exciton to the charge-transfer state and the relaxation of the charge-transfer state to
the electronic ground state, i.e., the recombination process, are governed by the vibronic
interactions in these states, the vibronic interactions in the photoabsorption and
photoemission processes, i.e., the exciton-phonon We focus on the correlation with the
Huang-Rhys factor, which indicates the strength of the exciton-phonon coupling, and non-
adiabatic relaxation. [ref. This body consists of 585 words.]

1) S. Kilina et al., Chem. Rev., 2015, 115, 5929. 2) O. P. Dimitriev, Chem. Rev., 2022, 122, 8487. 3)
H. Imahori et al., Acc. Mater. Res. 2021, 2, 501. 4) T. G. J. van der Hofstad et al., Adv. Energy Mater.,
2012, 2, 1095. 5) K. Vandewal et al., Nat. Mater., 2014, 13, 63. 6) J. Kurpiers et al., Nat. Commun.,
2018, 9, 2038. 7) K. Nakano et al., Nat. Commun., 2019, 10, 2520. 8) A. Muraoka et al., Phys.
Chem. Chem. Phys., 2018, 20, 12193. 9) A. F. M. -Valencia et al., Phys. Chem. Chem. Phys., 2021,
23, 16806. 10) V. Coropceanu et al., Nat. Rev. Mater., 2019, 4, 689.
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Boundary Effects and Quadrupole Contribution in Calculation of
Sum Frequency Generation Spectra

(*Graduate School of Science, Tohoku University) OTomonori Hirano!
Keywords: Molecular Dynamics; Time Correlation Function; Liquid Interface; Nonlinear
Susceptibility

Understanding the structure and dynamics of liquid surfaces at molecular level is
essential to various research fields, such as atmospheric chemistry, electrochemistry,
biological chemistry, etc. Sum frequency generation (SFG) spectroscopy is widely used to
investigate the orientation of molecules and the solvation environment at liquid interfaces
because they are surface selective under the dipole approximation. However, the obtained
spectra are often complicated because they contain a lot of information which stems from
the inhomogeneity of the interface. Therefore, molecular dynamics (MD) simulation can be
a powerful tool to analyze the obtained SFG spectra. In MD simulations, SFG spectra can
be calculated as the Fourier-Laplace transform of the time correlation functions of the
dipole moment and the polarizability of the interfacial system!. MD analyses of SFG spectra
have been applied to various interface systems, such as pure water, aqueous solution,
organic liquid interfaces, etc. However, we found that conventional calculations of the time
correlation functions have fundamental issues which are related to the treatment of the
boundary at the bulk to define the interfacial region®. In this study, the origins and the
influences of the following two issues related to the boundary treatment at the bulk are
thoroughly examined, and the proper treatment to resolve these issues are presented.

1. Boundary treatment at the bulk to define interfacial dipole and polarizability

To obtain interfacial spectra, the dipole and the polarizability at the interfacial region
should be defined. It is realized by imposing some spatial boundary at the bulk to
restrict sampling region of dipole and polarizability. Under the dipole approximation,
SFG signals arise from interfacial region where the inversion symmetry is broken,
therefore the boundary treatment at the bulk may seem to be unimportant. However, we
found that an improper treatment of the boundary brings large artifacts to the calculated
spectrum (Figure 1). This issue originates from the asymmetric treatment of
intermolecular correlations which breaks the inversion symmetry of the bulk region,
and it is resolved by symmetric sampling of the intermolecular correlations.
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Figure 1. Left panel: conceptional representations of spatial restrictions to define the
surface dipole (M) and polarizability (4). Right panel: calculated SFG spectra of air/water

interfaces with the symmetric (black line) and asymmetric (red line) spatial restrictions.

2. Bulk quadrupole contribution to the effective surface polarization
The calculated SFG spectra under the dipole approximation depend on the choice of
molecular origin which is used to judge whether a molecule is located in the interfacial
area restricted by the boundary at the bulk. We demonstrated that an improper choice of
the molecular origin produces largely distorted SFG spectra as shown in Figure 2. This
issue is resolved by considering the quadrupole contribution to the SFG spectra, which
arises from the bulk. We evaluated the quadrupole contribution by performing quantum
chemical calculations, and calculated the SFG spectrum by MD simulations which

effectively incorporates the quadrupole contribution.
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Figure 2. Left panel: the definitions of molecular center of a water molecule. The shaded
area represents the surface region, and the dotted line indicates the boundary. Right panel:
the calculated spectra of the air/water interfaces with the center of mass (green line) and
the midpoint of hydrogen atoms (blue line) as the molecular origins.

1) “Theory of Sum Frequency Generation Spectroscopy”, A. Morita, Springer, Singapore, 2018.

2) Boundary effects and quadrupole contribution in sum frequency generation spectroscopy. T.
Hirano and A. Morita, J. Chem. Phys. 2022, 156, 1541009.

© The Chemical Society of Japan -C1311-1pm-06 -



The Chemical Society of Japan The 103rd 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 -

[C1311-Tvn] International Symposium on Molecular Science - Physical
Chemistry / Theoretical Chemistry, Chemoinformatics,
Computational Chemistry - Cosponsored by Japan Society

for Molecular Science -
Chair, Symposium organizer: Kazuya Watanabe, Koichi lwata, Masanori Tachikawa, Mitutaka Okumura,
Tatsuya Tukuda, Tomuyuki Akutagawa, Toshio Naito, Yasuteru Shigeta
Wed. Mar 22, 2023 4:10 PM - 5:30 PM C1311 (1311, Bldg. 13 [1F] + Zoom)

[C1311-1vn-01] Radiolytic solvated electron for carbon neutrality
OJun Ma'? (1. Nanjing University of Aeronautics and Astronautics, 2. University of
Science and Technology of China)
4:10 PM - 4:45 PM

[C1311-1vn-02] Exciton-driven Bulk Photovoltaic Effect in Polar Organic Crystals
with Subphthalocyanines
“Daigo Miyajima’ (1. RIKEN)
4:45 PM - 5:05 PM

[C1311-1vn-03] Spin-correlated luminescence of radical-based molecular materials
OTetsuro Kusamoto'? (1. Institute for Molecular Science, 2. JST)
5:05 PM - 5:25 PM

©The Chemical Society of Japan



C1311-1vn-01 The 103rd CSJ Annual Meeting

Radioytic solvated electron for carbon neutrality

(!School of Nuclear Science and Technology, University of Science and Technology of
China, *Nuclear Professional School, School of Engineering, The University of Tokyo
3Department of Beam Materials Science, Institute of Scientific and Industrial Research,
Osaka University, *Laboratoire de Chimie Physique, UMR 8000 CNRS/Université
Paris-Sud, France, ‘Department of Molecular Engineering, Graduate School of
Engineering, Kyoto University) OJun Ma,' Shinichi Yamshita,”> Yusa Muroya,® Mehran
Mostafavi,* Shu Seki®

Keywords: Solvated electron; Water radiolysis; CO, activation;

High-energy radiation (X/y-rays or accelerated e") ionizes and excites water to ensure
an initial homogeneous distribution of abundant reactive radicals!, in which short-lived
solvated electron (esi) represents the known strongest reducing species in nature that
enable CO, activation to form CO," radicals with nearly diffusion-controlled rate (es +
CO; — CO;; ki= 8.2x10° M 's™!). This first activation step has been regarded as the
most energy-demanding and rate-limiting in precedent CO, reduction using photolytic and
electrolytic electrons, but can be easily realized via radiolytic aqueous electrons?®. Using eso
chemistry, we have showed a selective and catalyst-free CO» conversion to oxalate through
fast aqueous CO," dimerization (COy" + CO;~ —C,047; ko=1.4x10° M ' s7!) at ambient
conditions. The transformation of CO," radicals to energy-rich fuels has been extended
further by controllable intermediates binding with precisely designed catalysts. Besides,
using surface-coordinated CO,", we developed a strategy for the preparation of antioxidant
copper under ambient high-energy irradiation. It is shown that effective adsorption of CO,™
on copper leads to further formation of bidentate formate multilayers, which hardly
degrades surface characteristics but is resistant to chemical attack from a range of highly
corrosive solutions such as H,O,, NaCl, Na,S, and NaOH.

In sum, the efficient use of sustainable high-energy radiation as unprecedented energy
input for the chemical transformation of CO, and water to value-added chemicals holds new
promise for a carbon-neutral, sustainable energy economy.

1) J, Belloni. Radiation Chemistry: From Basics to Applications in Material and Life Sciences.
France, (2008)
2) R, Flyunt. M. N., Schuchmann, & von Sonntag, C. Chem. Eur. J. 2001, 7, 796-799.
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Exciton-driven Bulk Photovoltaic Effect in Polar Organic Crystals
with Subphthalocyanines

('Ceter for Emergent Matter Science, RIKEN) ODaigo Miyajima'
Keywords: Bulk Photovoltaic Effect; Exciton; Charge Transfer; Shift Current;
Subphthalocyanine

Polar materials attract wide research interest due to their unique properties, such as
ferroelectricity and the bulk photovoltaic effect (BPVE)", which are not accessible with
nonpolar materials. However, in general, rationally designing polar materials is difficult
because nonpolar materials are more favorable in terms of dipole-dipole interactions.
Recently, we reported a rational strategy to form polar assemblies with bowl-shaped
n-conjugated molecules and a molecular design principle for this strategy”. Based on this
design principle, we successfully developed more than 12 polar crystals. Furthermore, we
unveiled that the BPVE observed in these polar assemblies is generated in the shift current
mechanism. This presentation will overview the design principle and discuss the
relationship between excitation and photocurrent generation®).

1) C. Zhang et al., J. Am. Chem. Soc., 2020, 142, 3326. 2) C. Zhang et al., Angew. Chem. Int. Ed.,
2021, 60, 3261. 3) B. Dhara, et al, to be submitted.
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Spin-correlated luminescence of radical-based molecular
materials

(‘Institute for Molecular Science, >*JST-PRESTO) OTetsuro Kusamoto'?
Keywords: Radicals; Luminescence; Spin; Magnetic field effect

Stable organic radicals possess open-shell electronic states and exhibit vivid
physical properties such as electrical conductivity and magnetism attributed to unpaired
electrons. Their luminescence properties, however, have poorly been examined; they have
long been considered as non-emissive or light-sensitive species. Recent developments of
luminescent stable radicals have revealed their unique emission characteristics based on the
doublet states, such as efficient generation of bright exciton in electroluminescent devices
and the absence of heavy atom effect. Our group has developed photostable luminescent
radicals with pyridyl groups within the triarylmethyl radical skeleton, such as PyBTM
(Figure 1a)."* The luminescence properties of PyBTM can be modulated by coordination to
metal ions; for example, the photoluminescence quantum yield and emission wavelength
increased upon coordination to Au'.?

An important issue that remains to be explored in radicals is to develop
photofunctions based on the interplay between spin and luminescence; such functions
would be difficult (or impossible) to achieve with conventional closed-shell molecules. Our
recent studies on luminescent radicals have revealed that aggregated radicals can exhibit
magnetic-field-controlled luminescence (magnetoluminescence, Magl.um), where the spin
states correlate strongly with the emission dynamics. Here I would like to present
radical-based materials showing MagLum.

MagLum of radicals doped into host molecular crystals: We investigated the
emission properties of PyBTM doped into host molecular crystals.* The 0.05 wt%-doped
crystals displayed luminescence attributed to a radical monomer with a room-temperature
emission quantum yield of 89%, which is exceptionally high among organic radicals. A new
broad emission band assignable to an excimer emerged at a longer wavelength region in the
emission spectra with increasing doping concentration. The 10 wt%-doped crystals
displayed both PyBTM monomer-like and excimer-like emission bands. The intensity ratio
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Figure 1. (a) Chemical structure of PyBTM. (b,c) Magnetic field dependence of emission spectra (b) and
emission decay profiles (c) of 10 wt%-doped crystals at 4.2 K. Blue and red curves in (c) are simulated ones.
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of the two bands changed drastically by applying a magnetic field of up to 18 T at 4.2 K
(Figure 1b). This is the first observation of MaglLum in organic radicals. Detailed
investigations on time-resolved emission and quantum mechanical simulations (Figure 1c)
allowed us to establish a plausible mechanism for the MaglLum, where the magnetic field
dominantly affects the spin sublevel population of radical dimers in the ground states.’
MagLum could also be observed in the other radical or radical-Zn complex doping

systems,®’

suggesting the generality of magnetic field effects on the luminescence of
radicals. These studies show that the spin degree of freedom in the ground state can be a key
to achieving spin-correlated photofunctions.

MagLum of radical-based 1D and 2D coordination polymers: Combination of
bisPyTM or trisPyM and Zn(hfac), resulted in open-shell 1D or 2D coordination polymers
(CPs) demonstrating MagLum (Figure 2a).> While solid-state emissions of bisPyTM and
trisPyM were not affected significantly by the external magnetic field at 4.2 K, those of the
CPs were greatly modulated (Figure 2b). Reducing magnetic interactions between the
radicals by forming CP structures was suggested to enable MaglLum. Because CPs have
advantages in  molecular designability and property tunability, including
inter-/intramolecular electronic and magnetic interactions, over randomly dispersed doping
systems, the methodology developed here would contribute to developing

spin-luminescence correlated phenomena.
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Figure 2. (a) Crystal structure of a trisPyM-based 2D CP and chemical structures of component molecules. (b)
Magnetic field dependence of emission spectra of the 2D CP at 4.2 K.
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Proof-of-Concept for Electrochemical Reactions without an Electrical Power Source - Case
Study of Electropolymerization ('School of Materials and Chemical Technology, Tokyo
Institute of Technology) OShinsuke Inagi'

Electrochemistry is a powerful tool for organic synthesis based on electron transfer-driven
reactions at the substrate/electrode interface. The use of electricity for synthetic reactions
without the need for hazardous chemical oxidants and reductants is recognized as a green and
sustainable approach. We have recently developed a split bipolar electrode (s-BPE) system, in
which the redox reactions can be driven in a low electrolyte concentration, with batch and flow
cells. Herein, we report novel s-BPE system for organic electrosynthesis driven under a
streaming potential condition with a pressure flow. As a proof-of-concept study on
electrosynthesis without an electric power supply, electrochemical oxidative polymerization of
aromatic monomers such as pyrrole successfully yielded the corresponding polymer films on
an electrode surface at the upstream, which acted as an anode.

Keywords : Bipolar electrode; Electropolymerization, Sustainability, Redox chemistry
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Development of Carbon Resource Recycling Reactions using Photo- and Electrolytic Redox
Systems  (Graduate School of Engineering, Kyushu University) OHisashi Shimakoshi

Bioinspired catalyst system was developed in the interdisciplinary fields of bioorganic
chemistry and bioinorganic chemistry. In nature, enzymes catalyze various molecular
transformations under mild conditions at room temperature and physiological pH with a high
efficiency and selectivity. Therefore, we can learn about many excellent systems from nature.
As for the catalyst design, a metal complex inspired from the active site of a metal enzyme has
been developed. The characteristic feature of the tetrapyrrole metal complex is its abundant
redox property both at the metal center and macrocyclic ligand. Various intermediates for the
reaction could be formed in the redox active metal complex. Therefore, the combination of the
metal complex with a redox system should form an excellent catalytic system. Based on this
concept, we can utilize various redox systems such as electrochemistry and photo-excited
chemistry, for construction of a catalyst systeml. Among the metal complexes inspired from
natural metal enzymes, the cobalt ion containing the Bi» (cobalamin) derivative is the focus of
this lecture. The development of a hybrid catalyst with the B,-dependent enzyme-inspired
photochemical and electrochemical reactions are introduced.

Keywords : Cobalt complex; Dehalogenation; Titanium oxide; Electrolysis; Carbon recycle
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Figure (a) Concept for carbon-recycle reaction by bioinspired catalyst. (b) Bi2-Metal-TiO> hybrid
catalyst for visible light driven reaction. (c) Electrolysis of R-CCl; for one-pot synthesis of various
carbonyl compounds.
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Development of Water Oxidation Catalysts based on Precise Control of Electron Transfer
(‘Graduate School of Engineering, Osaka University, >JST PRESTO) OMio Kondo,'*

Four electron oxidation of water is a reaction which is considered a bottleneck for achieving
artificial photosynthetic reactions. Therefore, the development of a highly active catalyst for
the reaction is strongly demanded. We anticipated that the key to promote a water oxidation
reaction is the acceleration of multielectron transfer process. Based on the idea, a multinuclear
metal complex with multielectron transfer ability was employed as a catalyst. The employed
complex was found to serve as a highly active catalyst for water oxidation. We also developed
a polymer-based catalyst, in which catalytic centers are surrounded by charge-transporting sites,
and succeeded in the water oxidation reaction under a mild condition with high efficiency.
Keywords : Water Oxidation, Electron Transfer; Charge Transport; Multinuclear Metal
Complex
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Radical N-Heterocyclic Carbene Catalysis (Institute for Chemical Research, Kyoto University)
Hirohisa Ohmiya

This paper reports on our discovery of radical N-heterocyclic carbene (NHC) catalysis.
Specifically, we developed NHC-catalyzed decarboxylative radical cross-coupling between
aldehydes and aliphatic carboxylic acid derived-redox active esters. The reaction involves
single electron transfer (SET) from the enolate form of the Breslow intermediate derived from
an aldehyde and NHC in the presence of a base to the redox active ester, followed by radical—
radical coupling between a persistent ketyl radical and a transient alkyl radical.

Keywords : N-Heterocyclic Carbene Catalysis, Radical; Photoredox Catalysis
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Development of Polymer Functional Materials using Photocatalysts (Graduate School of
Engineering, Kyushu University) Yoshiko Miura,

Polymer synthesis is indispensable for materials development, but synthetic systems have not
yet been developed to meet society's demands for diverse functions. Polymerization method,
which combines photoelectron/energy transfer (PET) and reversible addition fragmentation
chain transfer (RAFT) polymerization, allows for precisely controlled polymerization in the
presence of oxygen.! We investigated polymer libraries by PET-RAFT polymerization, where
we synthesized a library of biofunctional polymers to bind the cholera toxin protein.”’ The
PET-RAFT polymerization system can also be applied to a continuous distribution process with
an immobilized photocatalyst, and new developments in the creation of functional materials
can be expected by using a photocatalytic redox system.

Keywords : Polymer library;, Photo Electron/Energy Transfer;  Reversible Addition
Fragmentation Chain Transfer (RAFT) Polymerization
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Figure 1 Polymer library by PET-RAFT system.
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Elucidation of the mechanism of radical reactions based on the identification of active species
and direct observation (' Graduate School of Advanced Science and Engineering, Hiroshima
University) Manabu Abe'

In reaction systems involving open-shell species such as short-lived and highly reactive
radicals and electronically excited states, the reaction mechanisms have been discussed based
on indirect experimental results such as product analysis, isotope effects, and solvent effects.
However, the reaction mechanism that can satisfactorily explain the obtained experimental
results has not been clarified. If the reaction mechanisms of reaction systems involving reactive
open-shell species are clarified, it will be possible to develop new efficient synthetic methods
such as low resource consumption based on more efficient reaction design and reaction
integration, and innovative development and deployment of synthetic chemical reactions are
expected. In this study, we introduce the studies that have been carried out by using
physicochemical methods such as electron spin resonance, transient absorption spectroscopy,
and quantum chemical calculations to characterize short-lived open-shell chemical species that
intervene in reactions, to investigate and clarify their structures and reaction behaviors, and to
reveal the whole picture of reaction mechanisms in reactions involving open-shell chemical
species. The research that has revealed the whole picture of the reaction mechanism of reactions
involving open-shell species is presented.

Keywords : reactive intermediates, radicals, electronically excited states, electron spin
resonance, transient absorption spectroscopy
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