Thu. Mar 24, 2022

B302

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

[B302-2am] Materials informatics for surface and

interfacial systems
Chair, Symposium organizer: Kenji Hara, Michihisa Koyama,
Nobuyuki Zettu, Tadashi Taniguchi, Kozo Tamura
9:00 AM - 11:40 AM B302 (Online Meeting)

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

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

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

10:10 AM - 10:40 AM

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

[B302-2am-04] Application of machine learning methods
to neutron scattering data for materials
analyses

' (1. Japan Atomic Energy

OKazuyoshi Tatsumi
Agency)

11:10 AM - 11:40 AM

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

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

Chair, Symposium organizer: Kenji Hara, Michihisa Koyama,

Nobuyuki Zettu, Tadashi Taniguchi, Kozo Tamura

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

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

1:20 PM - 1:50 PM
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[B302-2pm-02] From materials data to evidence for
understanding materials properties
©Hieu-Chi DAM' (1. Japan Advanced Institute
of Science and Technology)

1:50 PM - 2:20 PM

[2B30205-08-3add] Incubation Time

2:20 PM - 2:30 PM

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

2:30 PM - 3:00 PM

[B302-2pm-04] Application of digital technology in
catalyst design
OShingo Sakai', Takayuki Kurogi', Rei Hamada'

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

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

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

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

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

[B301-2am-02] Organometal Halide Perovskite Solar Cell
As Next Generation Photovoltaics
OHiroshi Segawa1 (1. The University of
Tokyo)
9:50 AM - 10:40 AM

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

[B301-2am-04] Challenges in developing perovskite solar
cells for practical use

OTsutomu Miyasaka Miyasaka' (1. Toin



University of Yokohama)

11:10 AM - 11:40 AM

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

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

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

[B301-2pm-01] Perovskite Solar Cells: Toward
Sustainable, Off-grid Power Generation
OAtsushi Wakamiya1 (1. Kyoto University)
1:00 PM - 1:30 PM

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

[B301-2pm-03] Organic Photovoltaics with llight-
absorbing selectivity for agricultural
applications
©Yasuyuki Watanabe' (1. SUWA UNIVERSITY
OF SCIENCE)
2:00 PM - 2:30 PM

[B301-2pm-04] Carbon Nanotubes for solar cells
OShigeo Maruyama1 (1. The University of
Tokyo)
2:30 PM - 3:00 PM

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

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

Chair, Symposium organizer: Takeaki Ozawa, Jun-ichi Sugiyama,

Kaori Sakurai
10:00 AM - 11:30 AM B303 (Online Meeting)

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

[B303-2am-02] Early detection of COVID-19 infected

persons at individual facilities using the
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"Kyoto model"
©Makoto Yasojima1 (1. Shimadzu Techno-
Research, Inc.)

11:00 AM - 11:30 AM

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

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

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

[B303-2pm-01] Development of compact high-speed real-
time PCR systems for point-of-care-testing
of respiratory infections
OHidenori Nagai' (1. National Institute of
Advanced Industrial Science and Technology
(AIST))

2:00 PM - 2:30 PM

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

2:30 PM - 3:00 PM

[B303-2pm-03] Development of high-throughput testing
method with optical condensation for
prevention of infectious diseases
oTakuya lida"?, Shiho Tokonami®?, Ikuhiko
Nakase? (1. Grad. Sch. Sci., Osaka Pref.
Univ., 2. RILACS, Osaka Pref. Univ., 3. Grad.
Sch. Eng., Osaka Pref. Univ.)

3:10 PM - 3:40 PM

B204

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

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

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

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



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

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

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

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

3:05PM - 3:35PM

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

[B204-2am] Innovative Catalysts: for Future

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

[B204-2am-01] Operando spectroscopy, computational
chemistry, and data science for
heterogeneous catalysis
OKenichi Shimizu' (1. Hokkaido University)
9:03 AM - 9:27 AM

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

9:27 AM - 9:51 AM

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

9:51 AM-10:15 AM
[B204-2am-04] Organometallic Smart Design To Enable

Photo-Driven Innovative Material
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Transformations: Aerobic Oxidations of
Methane and Benzene with Light Input
OTakahiro Matsumoto' (1. Kyushu Univ.)
10:15AM - 10:39 AM
[B204-2am-05] Controlling the active site of cytochrome
P450BM3 using decoy molecules and
gaseous alkane hydroxylation
©0sami Shoji' (1. Nagoya University)
10:39 AM - 11:03 AM
[B204-2am-06] Chemical catalysis intervening into
dynamic order of life
OMotomu Kanai' (1. The University of
Tokyo)
11:03AM - 11:27 AM
[2B20401-06-8add] Discussion
11:27 AM-11:39 AM

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

[W1-2pm] Asian International Symposium -

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

[W1-2pm-01] Multifunctional Nanoparticles for Cancer
Theranostics
ORen-Jei Chung1 (1. National Taipei University
of Technology)
1:05PM - 1:35 PM
[W1-2pm-02] Real-sample analysis utilizing
supramolecular chemical sensor chips and
devices
OTsuyoshi Minami' (1. 11S, The Univ. of Tokyo)
1:35 PM - 1:55 PM
[W1-2pm-03] Separation of semiconducting carbon
nanotubes using isomaltodextrin and thin-
film transistor applications
OHaruka Omachi' (1. Nagoya University)
1:55PM - 2:15 PM
[W1-2pm-04] Development of various functional
hydrogels of imidazolium-based zwitterionic
polymers
©Youn Soo Kim' (1. Pohang University of
Science and Technology (POSTECH))
2:15PM - 2:45 PM



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

2:45 PM - 3:05 PM

[W1-2pm-06] The Polymeric Nanoparticles Encapsulating
Pyran Derivatives for the Near Infrared
Imaging of Lymphatic nodes in Mice
OMing—Fa Hsieh! (1. Chung Yuan Christian
University)

3:05PM - 3:35 PM

Symposium | Asian International Symposium | Asian International

Symposium - Colloid and Surface Chemistry -

[W2-2pm] Asian International Symposium - Colloid
and Surface Chemistry -

Chair, Symposium organizer: Kenichi Sakai, Hideya Kawasaki,

Takanori Takiue, Ken-ichi limura
1:00 PM - 3:40 PM W2 (Online Meeting)

[W2-2pm-01] Molecular Assembly of Biomimetic Systems
©Junbai Li1, YilJia' (1. Institute of Chemistry,
Chinese Academy of Sciences (CAS))
1:05 PM - 1:30 PM

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

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

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

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

[W2-2pm-06] Colloidal Particles at Interfaces: from
Fundamentals to Functional Materials
°To Ngai1 (1. The Chinese University of Hong
Kong)
2:35PM - 2:55 PM

[W2-2pm-07] Development of Immobilized Molecular
Catalysts for CO, Transformation Reactions
oSangita Karanjit1, Emiko Tanaka1, Masaya
kashihara1, Atsushi Nakayama1, Lok Kumar
Shresthaz, Katsuhiko Ariga2'3, Kosuke Namba'

(1. Tokushima University, 2. National Institute

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

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

[W2-2pm-09] Development of new synthetic
methodologies for metal nanoparticle/MOF
composites
OYohei Takashima' (1. Konan University)

3:25PM - 3:40 PM

Symposium | Special Program | Creation of Functional Materials Based on

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

on Coordination Templatology
Chair, Symposium organizer: Hitoshi Miyasaka, Tetsuro
Murahashi
9:00 AM - 11:40 AM B103 (Online Meeting)

[B103-2am-01] Fabrication of Functional Polymers Based
on Coordination Templatology
OTakashi Uemura' (1. The University of

Tokyo)



9:05 AM - 9:35 AM

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

[B103-2am-03] Template effects of huge colloidal lattices
in water
©Yasuhiro Ishida' (1. RIKEN)
10:05 AM - 10:35 AM

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

[B103-2am-05] Toward templatology of photo-excited
triplet state
©Nobuhiro Yanai'? (1. Kyushu Univ., 2. JST-
PRESTO)
11:05AM - 11:35 AM

B202

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

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

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

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

1:05 PM - 1:25 PM

[B202-2pm-02] Single-cell imaging of release activity of
extracellular vesicles
OYoshitaka Shirasaki' (1. The university of
Tokyo)
1:25PM - 1:45PM

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

1:45 PM - 2:05 PM
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[B202-2pm-04] Mechanism of formation, regulation, and
dysregulation of protein droplet
OTomohide Saio’ (1. Tokushima University)
2:20 PM - 2:40 PM

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

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

[B202-2pm-07] Product of micro-device for liquid liquid
phase separation.
OHidekatsu Tazawa' (1. Institute of
Microchemical Technology)

3:20 PM - 3:30 PM

B201

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

[B201-2pm] Inorganic materials design for

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

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

[B201-2pm-02] The bactericidal effect of deep UV light-
emitting diodes
OTakashi Douura' (1. SEIWA ELECTRIC MFG.
CO., LTD.)
1:50 PM - 2:20 PM

[B201-2pm-03] Antibacterial metallic materials
OHiroshi Kawakami' (1. Osaka City
Univeristy)
2:20 PM - 3:00 PM

[B201-2pm-04] Material surface modification to impart
anti-viral/anti-bacterial activity by
molecular precursor method
OMitsunobu Sato’ (1. Kogakuin University)
3:00 PM - 3:40 PM
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Symposium | Co-Innovation Program (CIP) | Materials informatics for surface and interfacial systems

[B302-2am] Materials informatics for surface and interfacial systems
Chair, Symposium organizer: Kenji Hara, Michihisa Koyama, Nobuyuki Zettu, Tadashi Taniguchi, Kozo
Tamura

Thu. Mar 24, 2022 9:00 AM - 11:40 AM B302 (Online Meeting)

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

[B302-2am-02] Development of the exhaust gas purification alloy catalyst in
automobiles Using Digital Screening
OHitoshi Mikami1, Satoshi Hirose1, Hiroki Takeori1, Masafumi Sakota1, Tatsuya Okayama1
(1. Honda R&D Co., Ltd.)
10:10 AM - 10:40 AM

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

[B302-2am-04] Application of machine learning methods to neutron scattering data
for materials analyses
oKazuyoshi Tatsumi' (1. Japan Atomic Energy Agency)
11:10 AM - 11:40 AM

©The Chemical Society of Japan
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The challenges to low-carbon technology at ENEOS.Perspectives from co-developer and user
of MatlantisTM,a high-speed atomic-scale simulator
(ENEOS Corporation) OTakeshi Ibuka

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

Keywords : Neural Network Potential; Materials Informatics, digital transformation

iRt % FHLT 5 FOF I B O BFFEBH S 2 Il 9~ % 72 8 | Preferred Networks £1:
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1) https://matlantis.com/ja/
2) S. Takamoto,E 7> arXiv: 2106.14583 (2021)
3) /NEFIEIFE, TurrT 47, 3(2021) 161
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Development of exhaust gas purification alloy catalyst in automobiles Using Digital Screening
(‘Honda R&D Co., Ltd) OHitoshi Mikami,' Satoshi Hirose,' Hiroki Takeori,'! Masafumi
Sakota,' Tatsuya Okayama'

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

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

In order to improve the purification performance and reduce the amount of precious metals
used in automotive exhaust gas purification catalysts, we focused on the change of electronic
state and improvement of activity by alloy catalysts. This article introduces the development
of Pd alloy catalysts for high activity automobile catalysts using the digital screening method.
Keywords : Digital screening, First-principles calculation, Machine learning, Automotive
catalyst, Alloy catalyst
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TOTVHNAT ) == T OFEMEICRY A TE R,
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Mulliken charge distribution of Pd/Al,O4
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1) Materials Research Method using Smart Materials Informatics, A. Furukawa, T. Ikeda, T. Okayama,
Honda R&D Technical Review, 2017, 29, 84.
2) Search for Alloy Catalyst for Automobile Exhaust Gas by Means of Integrated Flow of Experiments,
First-principles Calculation, and Materials Informatics, S. Hirose, H. Mikami, M. Sakota, H. Takeori, T.
Okayama, Honda R&D Technical Review, 2020, 32, 97.
3) Perovskite lattice oxygen contributes to low-temperature catalysis for exhaust gas cleaning, T. Higo,
K. Ueno, Y. Omori, H. Tsuchiya, S. Ogo, S. Hirose, H. Mikami, Y. Sekine, RSC Adv., 2019, 9, 22721.
4) Elucidation of Hydrocarbon Purification Mechanism of Catalyst for Lean Burn Engine Using Surface
Analysis and Ab-initio Calculation with Large-scale Cluster Model, Y. Matsuo, S. Hirose, H. Takeori, T.
Okayama, Honda R&D Technical Review, 2019, 31, 86.
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Analysis of magnetic function using extended Landau free energy model(7okyo University of
Science) OMasato Kotsugi

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

Keywords : magnetic domain structure;, machine learning; energy landscape

s I IE RS2 S 7 o RS T — Z ICEH L, ~ 7 o R AHEEEARIHTE %
WL U X HHTZ RV —FT )V Zi%it LT, RET MINN—T AT bR
T Y— (PH). T 0H (PCA) &AW THEMRZEMICH -/ R LF—TF L KA
F—TE{ET 55D TH D, PH & PCA FENTIC L - T, BEXAEIE OGS & b
AT A HARBHEEZR DL ENTE I, FE=RNVX—T KA — T Zfif T
L7 R, = —ABUZ S U CRE RS O ERAN BRI T 5 2 & 528
HNCTE L, ARHZRAF—IZHESNWT, I 7 a REXME &~ 7 1 2B R
FROBEBEEEET LI N TE, D

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

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

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

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

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

Keywords : Dada-driven science; Histogram bin-widths; Kernel band widths in kernel density
estimation, neutron scattering, Poisson point process

KA FSEB % Tk, FFE - Al H0 7 — X BERZETIEOF T — & ~0
BHAN GO EZ B LED BN TE WD, AFEETIEL, J-PARCMLF O i+
BELIEBR~D 7 — & BREV R 7 1 B &2 /83 5,

&l 2 DO FCEL PR T O HER R FALE OB RIS O U 2 b 2 5eekd 5 3 Al
BT LNTWD, T—HRINERT ViR E AR L, EA NI T LD E N
RN —FINVEEEREE D T — & JET —F O ThRAE{LT 2 515 2 iz,

BHNTND INS T—H DTy MEORLDIBT — X IZBW T HiE#E L =
FNF—OF AT B U N ORHEEZ 2 A FBEEOMETISHEE Lz 4 RO
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—Ia T ANEWE LT, BICH—T 7 4 v T 4 v TR WERRIAT> T e —
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1) Shimazaki, H. & Shinomoto, S. (2007). Neural Computation, 19 1503. 2) Muto, K. et al. (2019). J.
Phys. Soc. Jpn., 88, 044002. 3) Shimazaki, H. & Shinomoto, S. (2010). J. Comput. Neurosci. 29, 171. 4)
Tatsumi, K. et al. J. Appl. Cryst., submitted. 5) Tatsumi, K. et al. MLF annual activity report 2020.
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Efficient design of strong interfaces by combining molecular simulation and materials
informatics ('Hitachi, Ltd) OTomio Iwasaki

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

Lt DT NA AZIL, EMERE - mREE LIS x, ] &S 2Bt OBREE - ik~
HEMEL RO GNDMAICH D Z D, ZREEOMENEDILD L O1Tky | fix
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A LIl BT B, DI, =R =a2—kFLAT O A FhRBIEOO &
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OB EET DI L8, o, AREANE & BREE A M2 % 72 DNA #E
EDOBEENIENT-ET I v 7 AEEF LTkER, Zr0y/CaO/HO, #FE L=kt 7 2
v 7 AN LML BEETDHZEEZWAOMNT LIz, &6, T F RME E oA
WCENT-E® T 2 v 7 2EFE LIERER, Ca-9%NiO DNixiE ChHhiHZ tar LT, Zh
OOFERIZ, 27 T v FRBRIC L D REES v, KRB OFMEZ FZEE LT,

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Keywords - Organometal Halide Perovskite; Organic Photovoltaics; Hybrid Solar Cell,
Perovskite Solar Cell; Next Generation Photovoltaics
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RN,

@DIEEIGIZ OV TITEEM AW IEN T, 0 T 2 H A N DR LW R % 1 |
WCHGTHZENH->TNEY, "ot LTI vHED 2 BRETEIRT S &N
VRXRY v IPREL YD, LOEEENGLND. BT A L LT MA (CHsNH;3Y)
1282 T FA (NH,CHNH,") #FHWA LRV REY v IS 2y, L ERES
TN TEZL XD s. MEEZ—EOLETNADHZ EIZXY, BEEEROM S
ZH ESETWSD. & 5IT(FAPDI)ogs(MAPDBIrs)g1s D1 7 2 A M Cs' &2 ¥R L
211%%, RURXAFALAZZ Y L—KPMMA) ZIRIML 216%%, Rb*Z iR L
FA/IMA/Cs/Rb @ 4 Fli h F4 L RA T 21.8%" LR EM ESETEL, L LAaRS
D DOMRICEENRD &, @QOE ik & QO ELEEBIZONTIE, £
— 3 a U R IFRBF ORMNH . I H1E, PSC DK X RIETH DMt AME
IZEFET DO TABOBERBNSY/RIND.

—J, Cs,Rb 72 E VI I FRET 2 R SOEREEH EN D e Wi b &R TH Yl
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AMEO—EE, EIRERFEEATIRILY— - EZHEMRSEFEHE NED0O) DZIEIC
FYUFTbhiz:DTHS.
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3) N.J.Jeon, S. 1. Seok, J. Lee, J. Seo et. al: Nature Energy 3, 682 (2018).
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BNEROATRAAA MCIGS 2 T LKGEMDBEFE

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

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

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

Keywords : Perovskite; CIGS,; Tandem Solar Cells,

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

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

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

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

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

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

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

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

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

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

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

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

CsPblzBr 15.0 1.42 81.3 17.4

EAR 1.7500 sun®JcE (LEDFEBANE. 200 lux)

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

CsPblzBr 21.0 1.14 86.0 34.2

M1 BAELTETTRTF T T4 NARAT ABHA FKBEBEY 2 — L

[References]
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RATRNA FKRBEM : ECTHLERELTOEREIZAITT

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

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

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

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

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

HIRE - AMFZEIL. JST-COL, ALCA, K3k

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

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

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

B LA SRR OB SIS X

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

PTNT2T

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

BB ARDFICB N T, BRI ‘

RO E LTRABIEOD LAY 7810 D s o iz T 01
bivd, FexlZLHENC, 77 FERTF

TYT Y= (NTz) #HT 2R ~—n, fEatENE <, BsEN s LI
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1) V. Vohra et al., Nat. Photon., 2015, 9, 403. 2) K. Kawashima et al., J. Am. Chem. Soc., 2016, 138,
10265. 3) M. Saito et al., Adv. Energy. Mater., 2020, 10, 1903278.
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Organic Photovoltaics with light-absorbing selectivity for agricultural applications
(Suwa University of Science) O Yasuyuki Watanabe

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

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

Keywords : Organic photovoltaics, light absorption selectivity, Photosynthetic pigments,
agricultural applications

FEmkaFEO s va 7 4 VX, KEBRICB T2 REEHFEOKREDNE L WILL,
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Fig.1 Schematic diagram of Solar Matching. Fig.2 Light response curves of photosynthesis
with and without OPV under simulated sunlight.
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Carbon Nanotubes for Solar Cells

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

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

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

Part of this work was supported by JSPS KAKENHI Grant Number JP20H00220, and
by JST, CREST Grant Number JPMJCR20BS5, Japan.
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FLOBMIZLAMITIR2BWICKEFTOF Y THH - &
Ml R T LOWE

(HORBE L - IS s O fHifT !

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

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

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

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

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

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

IHI. HAIFZZOEFN T =L N T 7 XD DD KX IR EH ST
BHARK - HREBEICNAACKE - oHELZAHT L TAFRMZR ALY 7
JH] ThHEZEZXZTNWD, ZNET, BB TRE Y AT A2 MK L
VT 7 AN ERANTEEREOBFEA T ) —= THEHTOME T, B—%
UARY —LAFIZBIT28 BB " 28I L TS, 20X 9 7% N TH
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fafifhiZz ., EROBH 7 =L N T 7 ZEHEMEHREMICEST I LN TE
VX, BEIZAVBERAZ LB L TEZEZRETLHE2H LN S FHREHEIIT
BT a A TRA[RRIZR D249, & 612, B EHEIEGE

x5 ENAREE v, TEHEET 2 ANTHMEY 727 &) Bl wesi 3
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ABERTIHX BN 7L NI T 7 E2HERBIONTMEY 77 % HEikoER
BRI LN G, TORICEBEITEEIC OO TEmR LW,
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[REBETIL] ICKDEANBEERTOFEIOFTDAMILAREEDR
HAtR A0

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

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

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

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

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

1) fEBIfE% T D SARS-CoV-2 FEHLF O BIIFE I LTSy 7% 07T — B3 & Aahiko
RRRE. I\ R, KEFESE, BRELSA, $EARE, JHERE, A&7, WmiEE, BhEHE, £
SO SCHE G O(BREE) 2021, 77,7, I 179-T0 190.
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MR EREDREZEHETHARETHINMEFTEITILEA L
PCR £l D B

(PERRHF PhotoBio-OIL) Ok Filt

Development of compact high-speed real-time PCR systems for point-of-care-testing of
respiratory infections (Advanced Photonics and Biosensing Open Innovation Laboratory,
National Institute of Advanced Industrial Science and Technology) OHidenori Nagai

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

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

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

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

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

|| PCRIAR =
pcrFyF | EZZ
E—5—1]

—— RENA7UIER

— REA7 IER —

I\—{ Fured —
Al ChO #05AFH AOCho H

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

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

X1 E#HYU 7L A L PCR AT LOKERK

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

2) On-site identification of meat species in processed foods by a rapid real-time polymerase chain
reaction system. S. Furutani, Y. Hagihara and H. Nagai, Meat Sci. 2017, /31, 56.
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DEFE

(T A A UKD Ok &1L

Visualization of infection risk by human behavior analysis and development of virus control
technology

(OTakeshi Takizawa® (* LION Corporation)

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

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

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

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

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

FPL T AN RIE(A TN T A VR AT LT T VS & R A iR R
HCHEfR S, BITT D UA NV AREZHE LK 1a), HHESND VA L ADIRRETRIANR
ROWI U T-TRIR) M Kl OME Z & O &R FE 2 F I L2 (X 1b,c), IRIZ, FEENT
DITENT > 77— MREZITV, IREZO TRV E TICHEfLT 5E / LENOITEIEIRE
WEES LK 2a), Z 4 HAEEMITEIE I T A L A E SRR & TRV EO R R
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EANL, FENIER T2 VANV AZER, ~ v 7 LIE(K2b), 2D OfENTIE
FREN~D T A )V AFFHIARSCYERL, B Y X 7 12xb9 5 Fley \%{%E’*@ﬁéﬁ@b
ONFEO AL &I, T BWEAITEIORGHIAE R TH D Z R ghotz,
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BFOEMEIZHE B Uiz S miE TR O R hr F=41 29248203 5,
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Fig.1 Adhesion distribution of virus transmitted from model skin to test pieces
a) Experiment procedure, Adhesion distribution ratio of virus as b) wet and c) dry condition
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Fig.2 Estimation of the virus spread under contact behavior in the home
a) Questionnaire survey about the consumer’s behavior, b) Map of virus spread in the home
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N RI—T vy FREREREBEZORREICZL SBREEFH~DEMRA
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Development of high-throughput testing method with optical condensation for prevention of
infectious diseases

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

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

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

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

Tex T —F =R T CONFHEET) & EFHFEMROMTRICLY R
ZCTEHE L CROSIET 5 EHEEE S 27 A(LAC-SYS)) DORFZEER%E 2t L T
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1) T. lida, J. Phys. Chem. Lett. 2012, 3, 332.

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

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

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

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

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

8) T. Iida, S. Tokonami, et al., Submitted (2021).
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Perspective in Molecular Spin Qubits in Coordination Compounds-Based Magnets (Graduate
School of Science, Tohoku University) (OMasahiro Yamashita

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

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

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

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

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

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

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

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

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

Tadahiro Komeda
Tohoku University, IMRAM

tadahiro.komeda.al@tohoku.ac.jp

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

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

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

Graphene nanoribbons (GNRs) are quasi-one-dimensional nanostructures of graphene with
unique physical properties that are dependent on their chemical structures.'? Although GNRs
cannot be obtained with well-defined structures by the predominant top-down fabrication
methods, including the lithographic patterning of graphene and unzipping of carbon nanotubes,
the bottom-up synthesis based on the methods of organic, polymer, and surface chemistry can
afford atomically precise GNRs.'? GNRs with varying electronic and optical properties can be
obtained by careful structural design involving different edge structures.'™ In particular, zigzag
edges in specific configurations can bear localized electronic spins, which can show
ferromagnetic or antiferromagnetic coupling depending on their relative alignment.’
Keywords : Graphene nanoribbon; Bottom-up Synthesis; Nanocarbon; Spin;, On-Surface
Synthesis;
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Quantum control of Spin of NV centers in diamond (Institute for Chemical Research, Kyoto
University) ONorikazu Mizuochi

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

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

Figure 1. The structure of
the NV center in diamond.
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Heterogeneous Catalysis Studied by Operand Spectroscopy,
Computational Chemistry, and Data Science

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

5) S. Ozawa, Y. Hori, Y. Shimizu, A. Taniguchi, T. Suzuki, W. Wang, Y. W. Chiu, R. Koike, S. Yokoshima,
T. Fukuyama, S. Takatori, Y. Sohma, M. Kanai, T. Tomita, Brain 2021, 144, 1884.
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Multifunctional Nanoparticles for Cancer Theranostics

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

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

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

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

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

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

(Institute of Industrial Science, The University of Tokyo) oTsuyoshi Minami
Keywords: Supramolecular Device; Chemical Sensor; Molecular Recognition;
Organic Transistor; Pattern Recognition
OTFT Sensors Real-World
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phosphonates, and carboxylates play Fig. 2 (a)_C_hemich structures of cgtechol dyes._(b)
Schematic illustration of a mechanism for oxyanion

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

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

A water-gated organic thin-film
transistor (WG-OTFT), which can be
referred to as a supramolecular device
because of its transistor characteristics
controlled by self-assembled structures Sotiee “Brain
of semiconductive polymer materials, ® Glyphosme (@lyP)
was selected as a sensor device —

Electrolyte + uz o
platform (Fig. 3(a)).? Very importantly, . :
the WG-OTFT characteristics i%?%& 223?;%&
correspond to the accumulation and Sem-conductw
desorption of charged species at the  © o s
interface, meaning that the transistor ﬁ"
properties can be tuned by chemical
stimuli. Moreover, appropriate
functional side chains of 1-conjugated
pOIymer_S endow. the _SemlcondUCtlve Fig. 3 (a) Photograph and schematic illustration of
layer with two-dimensional molecular 5 wWG-OTFT. (b) Schematic illustration of
recognition  sites.  Therefore, a glyphosate sensing utilizing the competitive assay
competitive assay using a carboxylate- ~ among P3CPT, the Cu" ion, and glyphosate in
attached  polythiophene  derivative X]zt:'iéfgfiei’;ttwgg}n;?ggizg'yphosate using
(P3CPT) and a metal ion (i.e., Cu?")
was designed for the highly selective and sensitive detection of glyphosate (Fig. 3(b)).®
Indeed, the WG-OTFT-based chemical sensor displayed stepwise changes of
transistor characteristics with an increase of glyphosate concentration.® Furthermore,
the real-time detection was also accomplished by the WG-OFET-based sensor
integrated with a microfluidic system (Fig. 3(c)).”

In summary, we believe that proposed approaches can contribute to the real-world

implementation of “supramolecular analytical devices” that further improve people’s
quality of life.
1) T. Minami et al., Coord. Chem. Rev. 2021, 429, 213607. 2) Bull. Chem. Soc. Jpn. 2021, 94,
2613 (Cover). 3) J. Am. Chem. Soc. 2014, 136, 11396, 4) Anal. Chem. 2019, 91, 13627. 5)
ChemPlusChem 2021, 86, 798 (Cover and Highlighted by Wiley ChemistryViews). 6) Chem.
Eur. J. 2020, 26, 14525 (Cover and VIP). 7) Langmuir 2021, 37, 7305 (Cover).
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Separation of semiconducting carbon nanotubes using
isomaltodextrin and thin-film transistor applications

(‘Research Center for Materials Science and *Graduate School of Science, Nagoya
University)O Haruka Omachi,'?

Keywords: Carbon Nanotube; Isomaltodextrin; Semiconducting CNT; M/S Separation;
Thin Film Transistor

Single-wall carbon nanotubes (SWCNTs) possess a range of potential applications for
high-performance electronic devices, such as thin-film transistors (TFTs), due to their
excellent electronic properties, chemical/mechanical strength, flexibility, and solution
processability. However, the electrical properties of SWCNTs can be modified by changing
the SWCNT chirality from a semiconducting to a metallic character. As-synthesized
SWCNTs typically contain one-third metallic (m-) and two thirds semiconducting (s-)
SWCNTs. Therefore, high purity s-SWCNT separation techniques are required prior to their
application in electronic devices. A variety of s-SWCNT separation techniques, such as
density gradient ultracentrifugation,' gel chromatography,” electric layer formation,’
selective dispersion,* and aqueous two-phase (ATP) extraction,’ have been reported.

Recently, we developed a rapid and single-step ATP extraction of high-purity
s-SWCNTs using isomaltodextrin (IMD), which a highly branched o-glucan containing
66.3% a-1,6-glucosidic linkages (Fig 1a).® IMD is produced from starch via the o-
glucosyltransferase and o-amylase activities of Paenibacillus alginolyticus. IMD is
commercially available at a low cost because it was originally developed as a water-soluble
dietary fiber. The extraction of s-SWCNTs was achieved at >98% purity, as determined via
optical absorption spectra and Raman spectroscopy measurements. It was revealed that the
ATP separation of SWCNTs occurred due to both the hydrophobic/hydrophilic difference
and the interaction with helical structures possessing continuous a-1,6-glucosidic linkages.

We also developed the cross-linking gelation of IMD, enabling the high-purity
separation of s-SWCNTs (Fig 1b).” The cross-linking reaction with epichlorohydrin under
precisely controlled basic conditions gave the sub-micrometer porous IMD gels, which was
important for achieving gel chromatographic SWCNT separation. Column chromatography
performed using the IMD gel, which possessed submicrometer porous structures, provided
s-SWCNTs with an excellent 98.7% purity.

Furthermore, an efficient method for the fabrication of SWCNT thin films using
cross-linked methoxycarbonyl polyallylamine (Moc-PAA) was established (Fig 1c).® The
cross-linked Moc-PAA layer provided a smooth surface terminated with amino groups to
form the s-SWCNT networks. We successfully manufactured SWCNT-TFTs on both rigid
and flexible substrates. The devices exhibited good on/off ratio, carrier mobility, and
on-current density with small variations. The suppression of characteristic variability of
SWCNT-TFTs led to the operational stability of practical devices.
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Fig 1. (a) Chemical structure of IMD and photograph of ATP extraction of SWCNTs using IMD.
(b) Photographic image of column chromatography separation of SWCNTs using the IMD gel.
(c) Chemical structure of Moc-PAA, atomic force microscopy (AFM) image of the fabricated
s-SWCNT film, and photograph of SWCNT-TFT on the flexible PEN substrate.

1) M. S. Amold, A. A. Green, J. F. Hulvat, S. I. Stupp, M. C. Hersam, Nat. Nanotechnol. 2006, 1, 60.
2) T. Tanaka, Y. Urabe, D. Nishide, H. Kataura, Appl. Phys. Express 2009, 2, 125002.

3) K. Thara, H. Endoh, T. Saito, F. Nihey, J. Phys. Chem. C 2011, 115, 22827.

4) K. S. Mistry, B. A. Larsen, J. L. Blackburn, ACS Nano 2013, 7, 2231.

5) C.Y. Khripin, J. A. Fagan, M. Zheng, J. Am. Chem. Soc. 2013, 135, 6822.

6) H. Omachi, T. Komuro, K. Matsumoto, M. Nakajima, H. Watanabe, J. Hirotani, Y. Ohno, H.
Shinohara. Appl. Phys. Express, 2019, 12, 097003.

7) Y. Matsunaga, J. Hirotani, Y. Ohno, H. Omachi, H. Appl. Phys. Express, 2021, 14, 017001.

8) K. Matsumoto, K. Ueno, J. Hirotani, Y. Ohno, H. Omachi, Chem. Eur. J., 2020, 26, 6118.
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Development of various functional hydrogels of imidazolium-based
zwitterionic polymers

(‘Department of Materials Science and Engineering, Pohang University of Science and
Technology (POSTECH), 77 Cheongam-Ro, Nam-Gu, Pohang, Gyeongbuk, 37673 South
Korea, E-mail: ysookim@postech.ac.kr) O Youn Soo, Kim'

Keywords: Zwitterionic polymers, hydrogels, Hoffmeister anions, conductive hydrogels,
adhesive hydrogels

Zwitterionic polymers (ZPs), which have anionic and cationic parts in the same monomer
unit, have received enormous attention because of their promising properties, such as stimuli-
responsiveness, remarkable hydrophilicity, and the anti-polyelectrolyte effect. Zwitterions have
a higher dipole moment than other electrically neutral molecules because the cationic and
anionic parts are connected by organic linkers, which restricts the distance between them. This
results in remarkable ion—dipole or dipole—dipole interaction between ZPs and other molecules.
Generally, polyelectrolytes (PEs), which have a net charge, have a stretched chain conformation
in pure water but take on a collapsed conformation in salt solutions because of the screened
electrostatic repulsion between or within the PE. This is called the polyelectrolyte effect. On
the other hand, ZPs are known to show an anti-polyelectrolyte effect, in which the polymer
becomes much more soluble in the salt solution, but this is highly dependent on the nature of
the ZP, temperature, and concentrations of salt and ZPs. Among the common zwitterionic
monomers for synthesizing ZPs, sulfobetaine methacrylate (SBMA) with quaternary
ammonium and sulfonate groups, which is commercially available, is a widely used monomer
for ZP synthesis. Recently, sulfobetaines based on vinyl pyridine (SBVP) and vinyl imidazole
(SBVI) monomers suitable for radical polymerization have also been developed. In particular,
the imidazolium cation is distinct from the ammonium cation because its positive charge is
delocalized in a five-membered aromatic ring, and it can form non-covalent interactions with
other molecules, including ©-w, cation-mt, and anion-mw interactions.

Here, we newly fabricated physically cross-linked graphene hydrogels through cation-n
interaction with zwitterionic imidazolium-based polymers. We established facile and novel
synthetic methods for fabricating graphene hydrogels by using microwave irradiation which
induces exfoliation of graphite and polymerization simultaneously.

In this presentation, extremely simple method to fabricating graphene hydrogels and their
electrochemical performances, adhesive, reusable, and robustness properties will be discussed.

[Reference] I. K. Han, J. Han, Y. S. Kim* “Liquid-to-Solid Phase Transitions of Imidazolium-
Based Zwitterionic Polymers Induced by Hofmeister Anions”, Chem Asian J. 2021, 16, 1- 5.
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Biofunctional materials constructed by hierarchical organization of
self-assembling peptides

(‘Graduate School of Engineering, Kyushu University) ORie Wakabayashi'
Keywords: Self-assembly; Peptides; Biofunctional materials; Enzymatic reaction; Drug
delivery system

Peptide amphiphiles (PAs) self-assemble to form various nanostructures in aqueous
media depending on the molecular design, assembly pathway, and environment.
Supramolecular materials based on PAs show unique (bio)functions, such as binding to
and/or controlling biomolecules/cells. Because the functions are highly influenced by the
structures of materials, it is of importance to control the supramolecular organizations. We
have focused on hierarchical organizations of self-assembling PAs: unit molecular pair,
supramolecular polymers, and supramolecular polymers post-modified with functional
molecules. To achieve these, we have developed novel strategies using co-assembly
system'? and enzymatic reaction’. In the presentation, supramolecular strategy for
hierarchical organization of self-assembling PAs and post-modification of the assemblies as
well as the latest results on the applications for drug delivery system, and multi-enzymatic
reactions will be discussed.
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1) R. Wakabayashi et al., Chem. Commun. 2019, 55, 6997. 2) R. Wakabayashi et al., Chem. Commun.
2022, 58, 585. 3) R. Wakabayashi et al., Chem. Commun. 2019, 55, 640; R. Wakabayashi et al., Int. J.
Mol. Sci. 2021, 22, 3459.
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Near-Infrared Fluorescent Polymeric Micelles for The Sentinel
Lymph Node Imaging of Breast Cancer

(‘Department of Biomedical Engineering, Chung Yuan Christian University, Taiwan,
2National Institute of Infectious Diseases and Vaccinology, National Health Research
Institutes, Taiwan) OMing-Fs Hsieh,' Jui-Ting Hsiao,' Tai-Wei Feng,! Ming-Hsi Huang,?
Keywords: Near Infrared Fluorescence, Surgical Navigation, Polymeric Micelle,
Nanoparticles

The gold standard of sentinel lymph node for breast cancer surgery is based on the
use of lymphoscintigraphy and blue-dye injection. Owing to high cost of radionuclide
imaging and the short retention time of blue dye, near Infrared (NIR) fluorescent imaging
receives high attention.! However, the random diffusion with body fluid and poor
photo-stability are the main drawbacks for NIR dyes. To overcome the drawbacks,
nano-sized NIR nanoparticles (NPs) are considered better solution.? In the present study, we
have prepared NPs loading with newly synthesized NIR dye. The self-assembled poly
(ethylene glycol)-block-poly(e-caprolactone) micelles (PEG-PCL) having average
hydrodynamic particle size of 62.7 £ 0.6 nm are found to be suitable for
Interstitial/lymphatic fenestration. The in vitro releasing test showed that less than 10 % of
NIR dyes were released from NPs in 48 hours post fabrication of NPs in phosphate buffered
solution. In addition, the particle size of the NPs remained stable for at least 14 days.

It has been reported that the anti-PEG antibodies exist in the healthy people. That
leads to reduced therapeutic efficacy and adverse immune response when PEGylated drugs
are administered in patients. This study evaluated whether the PEGylated NPs consisting of
PEG-PCL copolymer and fluorescent dye can affect the fluorescent imaging in the mice
with pre-existing anti-PEG antibodies (IgG and IgM) in serum. To that purpose, we have
induced anti-PEG antibodies in mice by intramuscular injection of PEG. The ELISA was
used to detect the serum antibodies of mice. Then, an orthotopic breast cancer tumor in mice
bearing anti-PEG antibodies was established. The PEGylated fluorescent NPs were
subcutaneously injected around breast tumor. The IVIS Spectrum Imaging System was
employed to observe the fluorescent images and intensity. As a control group, phosphate
buffered solution was injected in mice. The concentrations of anti-PEG IgG and IgM in the
serum of mice were determined by ELISA assay. When a PEGylated fluorescent NPs were
injected in mice, the secondary immunity in mice was initiated. However, there was no
difference in the fluorescent intensity of PEGylated NPs (around tumor) as compared with
that of the control group (mice without anti-PEG IgG and IgM). In conclusion, this study
found that the fluorescent intensity of PEGylated NPs was not affected when the mice were
induced with anti-PEG antibodies.

1) I. Ali, Polymers 2020, 12, 598. 2) N. V. Cuong, J. Mater. Chem. 2012, 22, 1006.
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Molecular Assembly of Biomimetic Systems

(Mnstitute of Chemistry, Chinese Academy of Sciences (CAS), China)
OlJunbai Li!, Yi Jia!
Keywords: Molecular assembly, Biomimetic systems, Motor proteins, Peptide

Molecular biomimetics is mimicking the structures and functions of biological systems
at the molecular scale via molecular assembly of biomolecules or synthetic components.
Molecular assembly of biomimetic systems can not only serve as experimental models for
guiding research on biological evolution in organisms, but also open up new avenues for the
design of multifunctional materials with a wide range of applications. In this lecture, we
will introduce our recent progress on the molecular assembly of natural molecular machines
“motor proteins” into active biomimetic systems, as well as the controlled self-assembly or
co-assembly of aromatic dipeptides. The biomedical applications of these biomimetic
assemblies, including drug delivery and anticancer therapy are highlighted.

© The Chemical Society of Japan -W2-2pm-01 -



W2-2pm-02 The 102nd CSJ Annual Meeting

Functionalization of Photoresponsive Molecular Assemblies Using
the Inner Environments
(!Faculty of Science and Technology, Tokyo University of Science, Japan)

oMasaaki Akamatsu'
Keywords: Photochromism, Surfactant, Micelle, Confined space, Controlled release

1. Introduction —
Photoresponsive surfactant
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induce significant variations in the Solubilization Release

properties, that is problematic for the  Fig. 1. Controlled release by using
practical applications. Lophine dimer that photoresponsive  molecular  assemblies.
rapidly dissociates into two lophyl radicals upon ultraviolet (UV) light irradiation, and these
radical species thermally recover to the initial dimer through recombination (Fig. 2).
Although this thermal recombination reaction is extremely slow owing to free diffusion of
the radicals in solution, Abe accomplished rapid recombination by covalently bounding two
lophine units to inhibit diffusion of the radicals'. We also demonstrated accelerated
recombination of simple lophine dimers, solubilized in a micellar solution®. This result
indicates that inside of the micelles are useful for rapid recombination of the lophyl radicals.
In this work, we tried rapid control of interfacial properties with the amphiphilic lophine
dimers upon UV light irradiation. Furthermore, we monitored rapid morphological changes
in the amphiphilic lophine dimer micelles 0

R OR OR
and demonstrated photo-induced rapid (?P oV @ ot}
—: - 3ot
N NN ] 3

controlled release of a solubilizate by N7 i 2 NON
using an in-situ small-angle neutron R
scattering (SANS). Fig. 2. Photoisomerization of the amphiphilic

LPD (3TEG-LPD).
2. Experiment

The amphiphilic lophine dimer (3TEG-LPD) was synthesized (Fig. 2). Surface tension
measurements were performed with the Wilhelmy plate method. SANS measurement of 5.0
mM 3TEG-LPD in D,O was performed on SANS instrument (J-PARC MLF, BL-15
TAIKAN) equipped with an UV light irradiator and an UV/vis absorption spectrometer.

3. Results and Discussion
The photoisomerization of the amphiphilic lophine dimer (3TEG-LPD) in water was
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evaluated by changes in the absorption band owing to the lophyl radial on the UV/vis
absorption spectra upon UV light irradiation. The recombination rate of the lophyl radicals
on a micellar solution of 3TEG-LPD was accelerated 800-fold in comparison with that in an
organic solvent owing to restricted diffusion of the radical species. This result indicates that
the confined and highly concentrated amphiphilic lophine dimer derivatives show rapid
recombination of the lophyl radicals produced by UV light irradiation.

Rapid control of an interfacial property was investigated by using 3TEG-LPD. The
static surface tension on the aqueous 3TEG-LPD solution decreased within several ten
seconds upon UV light irradiation. Afterward, when the photoirradiation stopped, the
surface tension immediately recovered to the original value. These reversible changes were
repeatedly observed. The decrease in the surface tension value upon UV irradiation
suggested that the produced lophyl radical, which is less bulky than the initial dimer form,
efficiently adsorbs at the air/water interface. After the irradiation was stopped, the
recombination of the lophyl radicals readily proceeded in the micelles of the bulk phase or
in the Gibbs monolayer formed at the air/water interface. From these results, we
successfully demonstrated reversible and quick control of the surface tension using fast
dissociation of the lophine dimer upon photoirradiation and accelerated the recombination
of the radicals in the micelles.

. P —
Next, we  have  monitored 20 o Initial
morphological  changes in  the 1 o -+ B\a/rk

3TEG-LPD micelle by using SANS.
Fig. 3 showed the in-situ SANS results
of 3TEG-LPD in D:0. By UV light i oy Fergated §
irradiation, the SANS profiles changed 4 ‘% AZ%
rapidly and reversibly, which is due to 2 Prolate ellipsoids
elongation of the 3TEG-LPD micelle. 0-08 o1 2 3 4567 0.1 2 3 45

/A7
release of calcein as a model drug, 9
solubiliozed in the 3TEG-LPD micelle Fig. 3. SANS profiles of 3TEG-LPD in D,O
under UV light irradiation.
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Furthermore, rapid photo-induced

was successfully monitored by a
fluorescence spectroscopy and the in-situ SANS.

In conclusion, we successfully demonstrated accelerated photoimisomerization of
amphiphilic lophine dimers with inside of the micelles and rapid control of surface tension
of the aqueous solution by UV light irradiation. in-situ SANS measurements revealed rapid
morphological change in the micelle and controlled release of the model drug*.

References 1) J. Abe et al. J. Phys. Org. Chem. 2007, 20, 857. 2) M. Akamatsu, H. Sakai, et
al. Chem. Lett. 2018, 47, 113. 3) M. Akamatsu, K. Kobayashi, K. Sakai, H. Sakai. Chem.
Commun. 2019, 55, 9769. selected as outside back cover 4) M. Akamatsu, K. Kobayashi, H.
Iwase, Y. Sakaguchi, R. Tanaka, K. Sakai, H. Sakai. Sci. Rep. 2021, 11, 10574.
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Effect of Molecular Distortion on the Optical Properties of
Carotenoid-Based Nanoparticles

(Institute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku University)
ORyuju Suzuki
Keywords: Carotenoids, Nanoparticles, Reprecipitation, Molecular Distortion

Certain vegetables and fruits produce carotenoid compounds during their ripening process,
which gives them vivid yellow, orange, or reddish colors. The optical properties of carotenoids
are of practical importance in the food industry as well as in nature, where they are widely used
as natural pigments in various food products. Unlike typical organic pigments, which have a
rigid, aromatic-based molecular structure, carotenoids have flexible molecular structures
derived from polyene skeletons (Fig. 1a: f-carotene is one of the carotenoids found in carrots).
This means carotenoid molecules are easily distorted in response to stress and change their
properties. Interestingly, the absorption spectrum of carotenoid nanoparticles obtained by
reprecipitation is known to be blue-shifted compared to that of bulk crystal (Fig. 1b). In this
study, the optical properties of carotenoid-based nanoparticles was investigated through
detailed structural analysis where I predicted that the structural factor of molecular distortion
plays an important role in influencing carotenoid optical properties.

Carotenoid-based NPs were obtained with < 100 nm in diameter by reprecipitation
method.' Using transmission electron microscopy, electron diffraction analyses, and powder
X-ray diffraction measurements, it is revealed that obtained nanoparticles comprised two
domains: a crystalline domain and an amorphous domain (Fig. 1¢). Raman spectroscopy was
then used to evaluate the effective m-conjugation length of the carotenoids. It is known that the
peak position of the Raman band assigned to the C=C stretching vibration (vi) correlates with
the length of the m-conjugation length of the carotenoid polyene chain.? Detailed analysis of v;
Raman band showed that NPs include the molecules that shortened effective m-conjugation in
their amorphous domain, suggesting the molecules are distorted (Fig. 1c¢). Furthermore, 1
revealed a correlation between the absorption spectra and the extent of carotenoids distortion -
labelled effective m-conjugation lengths. This led to the conclusion that molecular distortion
strongly affects optical properties.

(a) (c) - ‘,
) e e e G\ W e N FR . A Less
B  distorted

B-Carotene

(b)
—_— .
reducing 1 , .
particle size - crystalline

Fig. 1 (a) Chemical structure of S-carotene (b) S-carotene particles dispersion that change color as
particle size reduction (c) f-carotene nanoparticle taken by a cryo-transmission electron microscope
References: 1) H. Kasai et al., Jpn. J. Appl. Phys., 1992, 31, 1.1132.2) J. C. Merlin, Pure & Appl. Chem.,
1985, 57, 785.
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Acquisition of the pair potential from the structure factor by the
model-potential-free method: Study in monodisperse and
polydisperse colloidal dispersion systems

(Faculty of Agriculture, Meijo University)

OKen-ichi Amano!

Keywords: Inverse analysis; interaction; density distribution; monodisperse/polydisperse;
Boltzmann distribution

Acquisition of the pair potential between the colloidal particles from the measured data
of small angle x-ray scattering (SAXS) is an important topic for studies of electric double
layers, polymer induced interactions, dispersion stabilities, and aggregations of the colloidal
particles. For acquisition of the pair potential, model pair potentials such as
Derjaguin-Landau-Verwey-Overbeek (DLVO) potential and Yukawa potential are generally
used in the analysis. However, when shape of the real pair potential is not similar to the
model pair potential, the model-potential-free analysis should be conducted. In addition, if
the real pair potential is obtained from the model-potential-free analysis, it leads to more
correct understanding of the interaction. Hence, we recently developed the
improved-model-potential-free (IMPF) method for monodisperse colloidal dispersion
systems.! Calculation of the pair potential without the model potential is difficult, because it
is difficult to accurately obtain the structure factor (the input data) up to wide angle.
Fortunately, however, the IMPF method has shown the acquisition skill by using the
statistical mechanics of liquids (Ornstein-Zernike equation coupled with a closure equation:
OZ-closure), Nelder-Mead ranged annealing (NMRA) method, the sparse modeling, and the
power law. After development of the IMPF method, we started the challenge of the
development of the IMPF method for polydisperse systems also (we call it IMPFP method),
because most of the colloidal dispersion systems are polydisperse. Although the program of
the IMPFP method is under construction now, we show the simple calculation flow in Fig. 1.
In the presentation, we will explain the theories of the IMPF and IMPFP methods in more
detail. In addition, the latest calculation results will be also shown.

Inverse matrix Reverse operation o
Kg) F(q)? Fg) [p\u‘l law
Intensity factor ' Squared form factor of particle i © Form factor of particle i ;\1 RA '"C;I'I"d
A Sparse modeling
Hu(i‘) Averaging Sr',-‘(q) Derjaguin np.pruxinwli(_m
Pair potential between particles i and j ¥ Structure factor between particles i and j \ OZ-closure for polydisperse system

Fig. 1 Calculation flow of the IMPFP method. In the polydisperse colloidal dispersion system, there
are many particles with various diameters. The particle diameters are identified with identifier i and ;.
1) K. Amano, R. Sawazumi, H. Imamura, T. Sumi, K. Hashimoto, K. Fukami, H. Kitaoka, N. Nishi,
and T. Sakka, Chem. Lett. 2020, 49, 1017.
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Self-assembled Mesoporous Nano- or Microstructure for Energy
Storage and Sensing Application

(*Center for Functional Sensor & Actuator (CFSN), National Institute for Materials Science
(NIMS), 1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan., * International Center for Materials
Nanoarchitectonics (WPI-MANA), National Institute for Materials Science (NIMS), 1-1 Namiki,
Tsukuba, Ibaraki 305-0044, Japan.) O Subrata Maji,! Genki Yoshikawa,'? Lok Kumar
Shrestha?

Keywords: Supramolecular Assembly;, Fullerene, Porous architecture, Energy Storage;
Sensing

Fullerenes Cgo or C7o could be effective building blocks as they are composed by sp?
carbon atoms with extended conjugation of m-electrons and readily undergoes supramolecular
self-assembly forming various microstructures from zero to higher dimensions.!” These self-
assembled fullerene micro/nanostructures can freely be controlled by solvent engineering and
temperature change. Introduction of pores (micro-, meso-, or both) in fullerene crystals
drastically increases the effective surface area leading to great utility in energy storage and
sensing applications."* Here, we present the fabrication of dimensionally controlled fullerene
micro/nanostructures by simple liquid-liquid interfacial precipitation method (LLIP). These
fullerene micro/nanostructures could be directly transformed into mesoporous structure by high
temperature (900 °C) heat treatment or chemical modification. Heat treated mesoporous carbon
derived from fullerene having m-electron conjugation within the sp’-carbon with robust
frameworks shows excellent electrochemical supercapacitive performance far better than
commercial active carbons or nanocarbons such as graphene. Porous fullerene
micro/nanostructure performs as an excellent sensing system for volatile organic compounds
(VOCs) owing to their easy diffusion through the mesoporous architecture and strong n-m
interactions with the sp2 carbon-rich pore walls. Porous fullerene structure has been used as
sensing system in conjunction with a quartz crystal microbalance (QCM)* and with
nanomechanical Membrane-type Surface tress Sensor (MSS).’

1) P. Bairi, S. Maji, J. Mater. Chem. A 2019, 7, 12654. 2) Q. Tang, S. Maji ACS Nano 2019, 13, 14005.
3) L. K. Shrestha, Chem. Asian J. 2013, 8, 1662. 4) P. Bairi, ACS Nano, 2016, 10,6631. 5) G. Yoshikawa,
Nano Lett. 2011, 11, 1044.
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Colloidal Particles at Interfaces: from Fundamentals to Functional
Materials

(!Department of Chemistry, The Chinese University of Hong Kong, *School of Chemical and
Material Engineering, Jiangnan University) OHang Jiang,” Yunxing Li,” To Ngai'
Keywords: Particles at interfaces, Pickering emulsions, Colloidosomes, Interfacial catalysis

The phenomenon of adsorption of solid particles at fluid interfaces to stabilize emulsions
or foams have been known for more than a century. Today, particle-stabilized emulsions, often
referred to as Pickering emulsions, are receiving growing attention as they are encountered in
oil recovery and have long been used in personal care products and food industry. Pickering
emulsions have been stabilized by inorganic, polymer-based and protein-based particles. They
are also used as template to prepare colloidosomes and hierarchically porous materials.

In the first part, we demonstrated that two types of plant-derived particles, namely zein
nanoparticles (ZNPs) and cellulose nanocrystals (CNCs), can be used as stabilizers in a facile
one-step emulsification process to generate an all-natural water-in-oil-in-water (w/o/w)
Pickering double emulsion. The simultaneous adsorption of ZNPs and CNCs effectively
stabilizes both external and internal emulsion droplets with different curvatures. The formation
and stabilization mechanism of such double emulsion were shown to involve as the formation
of amphiphilic aggregates by ZNPs and CNCs, as well as the phase inversion process. The co-
encapsulation of both polar and apolar cargos (e.g., B-carotene and epigallocatechin gallate,
EGCQG) in our prepared all-natural double emulsions was achieved with better protection in
different environments. This study presents a novel and efficient approach to prepare a green
and renewable Pickering double emulsion, which could be valuable for potential applications
in foods, pharmaceutics and cosmetics'.
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In the second part, we reported hydrophobized proteinaceous colloidosomes to act as both
colloidal emulsifier and enzyme carrier, achieving a breakthrough in protein-based w/o
Pickering interface biocatalysis (PIB) system. The engineering proteinaceous colloidosome is
formed using an oil-in-(ethanol/water)-in-oil double emulsion stabilized by commercially-
available silica particles with zein as the skeleton, physically modifying the colloidal
proteinaceous stabilizer with hydrophobicity and immobilizing enzyme simultaneously.
Furthermore, magnetic responsiveness is imbedded in the colloidosome, allowing for rapid
enzyme recovery. As compared with biphasic and conventional w/o emulsion (enzyme in
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droplets) catalysis, this novel PIB system shows superior catalytic efficiency. In addition, from
materials to synthesis, the preparation of such proteinaceous colloidosomes is facile and in
accordance with the concept of green and sustainable chemistry. Therefore, it is promising for
more potential applications in food and bioengineering, as well as bio-materials.>
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1) YX. Li, SJ. Gong, X. Guan, H. Jiang, SN. Tao, Y. Cheng, T. Ngai, Adv. Mater. Interfaces 2021,
2101568, 3835. 2) H. Jiang, XF. Hu, YX. Li, Y. Cheng, T. Ngai, Chem. Sci. 2021, 12, 12463.
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Development of Immobilized Molecular Catalysts for CO:
Transformation Reactions

(*Graduate School of Pharmaceutical Sciences, Tokushima University, *National Institute
for Materials Science (NIMS), 3Graduate School of Frontier Sciences, The University of
Tokyo) OSangita Karanjit," Emiko Tanaka,' Masaya kashihara,® Atsushi Nakayama,® Lok
Kumar Shrestha, Katsuhiko Ariga,>® Kosuke Namba®

Keywords: heterogeneous catalyst, carbon dioxide conversion, Silver catalyst

CO; emission has been one of the greatest problems in recent years because it is the
most important cause of global warming. Great efforts have been implemented for
developing the strategies to reduce CO; levels in the atmosphere. Conversely, this gas has
been regarded as a nontoxic, abundant, nonflammable, and renewable one-carbon (C1)
feedstock for the synthesis of a variety of value-added chemicals. On this aspect, chemical
fixation is one of the attractive and effective way to utilize CO,, however, only small
amount of such an abundant material is utilized for its conversion into various value-added
products through chemical synthesis because of its high thermodynamic stability and kinetic
inertness.

There have been numerous advances on the metal-catalyzed synthesis of various
organic compounds utilizing CO- as a C1 source where major challenges have been faced
for designing, evaluating and finding more efficient catalyst for the chemical transformation
of CO.. The reactions of CO, with unsaturated alcohols and amines to afford carbonates and
carbamates through carboxylative cyclization process is a promising green route to convert
CO,. These compounds have wide range of application in organic synthesis for being
important building blocks and potential biological activity. Silver has the potential to
activate alkynes and has been extensively studied for chemical transformation of CO,. Most
of the studies have concentrated on homogeneous catalysis using relatively large amounts of
Ag based catalysts’. Compared to homogeneous systems, heterogeneous system is
advantageous for development of green and sustainable society in terms of good activity
and reusability. To date, very few heterogeneous catalysts for this transformation including
Copper and Silver are reported. In this context, solid immobilized molecular catalysts with
ligands supported on silica, metal oxide and polymers by covalent grafting could be an ideal
choice

The solid materials such as Hydrotalcite (HT) and silica (SiO>) are applied extensively
in catalysis. The presence of hydroxyl groups makes them an active support for
immobilization of various transition metals. The immobilization of catalyst on solid
supports not only transfers the catalytic property of homogeneous catalyst to a
heterogeneous catalyst, combining the advantages of both homogeneous and heterogeneous
catalyst, but also is an important requirement of chemical industry for the ease of separation
and recovery of a catalyst from the reaction mixture. Alkoxysilane linkage is one of the
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easiest ways to link homogeneous or heterogonous catalyst on solid surface. Herein, we
carry out the CO; transformation reactions with propargyl alcohols and amines using
heterogeneous Silver catalyst on functionalized HT and silica. The active catalysts were
synthesized or generated in situ which carry out the reaction under mild condition with good
activity and reusability. The catalysts prepared were quite stable, versatile and could be
stored without the need of protective atmosphere.
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1) S. Kikuchi, S. Yoshida, Y. Sugawara, W. Yamada, H.-M. Cheng, K. Fukui, K. Sekine, I. Iwakura, T.
Ikeno, T. Yamada, Bull. Chem. Soc. Jpn. 2011, 84, 698-717.
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Deposition of Nanostructured Nickel Oxides by Amino Acid
Chelated Complexes: Benefits of Mixed Side Chains on the
Formation of Nanostructures for Energy-efficient Electrochromic
Windows

(Department of Industrial Chemistry, Tokyo University of Science) OKeHsuan Wang,
Takeshi Kawali,

Keywords: FElectrochromic metal oxides; X-ray absorption fine structure; Methyl side
chain; Aromatic side chain; Energy-saving material

To accomplish specific climate control tasks
in buildings, electrochromic (EC) windows must 0.4

—
exhibit acceptable levels in specific performance ) 91.3 Com? 76-400"1/'
indicators. Nickel oxide (NiOx) has shown o3l TN H //55-506'“2 1
promise for use as switchable glazing in EC S 02 = H?—( i
windows. However, the poor optical memory and ™ —
cycling stability of NiOy limited its commercial 0.1} . NOAE
exploitation. Here, we present a strategy for = NiOwPhe
electrodepositing a nanostructured EC NiOx by % 5.002 0.004 0,006

controlled release of Ni(Il) ions from L-alanine afeend

and phenylalanine ligands. Our main finding was that the sample deposited from rapid
release of Ni(Il) ions from L-alanine ligands had a relatively smooth surface morphology
consisting of closely packed nanodeposits. This structure yielded great improvements in the
cycling stability and coloration efficiency (CE). By contrast, the slow release of Ni(II) ions
from phenylalanine ligands resulted in the formation of conglomerated island structures,
which caused a low CE and poor cycling stability. However, the bulky aromatic side chains
on phenylalanine could passivate the sample surface, thereby improving its optical memory.
The aromatic side chains also contributed to the charge transfer between the solid-liquid
interface of the sample. Critically, samples prepared from the mixed L-alanine and
phenylalanine complexes showed greatly improved EC performance without compromising
its superior optical memory and rapid charge transfer characteristics. We believe that this
manuscript is suitable for publication by your journal because it provides new insights for
the preparation of energy-saving EC oxide nanostructures via amino acid complexes, where
the compositions and morphologies have the potential to be further developed.

1) Wang et al, Appl. Surf. Sci 2021, 568, 150914. 2) Wang et al, ACS Appl. Nano Mater: 2020, 3,
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Development of new synthetic methodologies for metal
nanoparticle/MOF composites

(Department of Nanobiochemistry, Frontiers of Innovative Research in Science and Technology
(FIRST), Konan University) OYohei Takashima
Keywords: Metal-Organic Framework; Metal Nanoparticle; Palladium; Silver

Metal-organic frameworks (MOFs) or porous coordination polymers (PCPs) are new
types of porous materials composed of metal ions and organic ligands. Unlike to conventional
porous materials such as zeolite and mesoporous silica, their porous properties can be more
easily designed by judicious choice of metal ions and organic linkers'. Until now, countless
numbers of MOFs have been synthesized as host materials not only for gas molecules? but also
for other bigger compounds such as organic dyes’, polymers®, metal nanoparticles® and so on
to obtain functional composites.

Among various kinds of composites with MOFs, the hybrids with metal nanoparticles
have attracted great attention over the years because of their high catalytic activities or unique
plasmonic propeties. Typically, metal NPs were synthesized by the reduction of metal NP
precursors inside MOF pores with H, gas or NaBH4 aqueous solution. Especially, gas phase
reduction is advantageous from the point of homogeneity; the gas would easily spread over the
MOF pores for the following reduction. Actually, many kinds of metal NPs-MOF hybrids have
been synthesized with H, gas®. However, precise or perfect control of metal nanoparticle
generation inside MOFs are still not easy.

In this presentation, I would introduce our recent examples’ aiming for the precise control
of metal nanoparticle generation inside MOFs. Their syntheses and functionalities would be
discussed in detail.

NP precursor@MOF NP/ MOF Hybrid

1) S. Kitagawa, R. Kitaura, S. Noro, Angew. Chem. Int. Ed., 2004, 43, 2334. 2) M. Latroche, S. Surblé,
C. Serre, C. Mellot-Draznieks, P. L. Llewellyn, J.-H. Lee, J.-S. Chang, S. H. Jhung, G. Férey, Angew.
Chem. Int. Ed., 2006, 45, 8227. 3) R. W. Larsen, L. Wojtas, J. Perman, R. L. Musselman, M. J. Zaworotko,
C. M. Vetromile, J. Am. Chem. Soc., 2011, 133, 10356. 4) T. Kitao, Y. Zhang, S. Kitagawa, B. Wang, T.
Uemura, Chem. Soc. Rev., 2017, 46, 3108. 5) Q.-L. Zhu and Q. Xu, Chem, 2016, 1, 220. 6) Y. Huang, Z.
Lin, R. Cao, Chem. Eur. J., 2011, 17, 12706. 7) Y. Takashima, Y. Sato, T. Tsuruoka and K. Akamatsu,
Dalton Trans., 2020, 49, 17169; Y. Takashima, Y. Sato, N. Kubo, T. Tsuruoka and K. Akamatsu, Chem.
Lett., 2021, 50, 244.
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Fabrication of Functional Polymers Based on Coordination Templatology
(*Graduate School of Engineering, The University of Tokyo) oTakashi Uemura'

Metal-Organic Frameworks (MOFs) composed of metal ions and organic ligands have been
extensively studied. The characteristic features of MOFs are highly regular channel structures
with controllable pore sizes approximating molecular dimensions and designable surface
functionality. Use of their regulated and tunable channels as hierarchical templates can allow
multi-level controls of resulting polymers via in-situ polymerization or polymer separation.
Keywords : Metal-Organic Frameworks; Polymer
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Figure 1. Controlled polymerization using MOF templates.
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Development of Coordination Nanospaces for Molecular Recognition Tools
(Lab. for Chem. & Life Sci., Tokyo Tech) (OMichito Yoshizawa

Abstract: The coordination bond is a useful chemical tool for the facile preparation of
three-dimensional nanostructures. There have been numerous reports on
coordination-driven capsules and cages with organic ligands consisting of small
aromatic rings (e.g., benzene and naphthalene) and/or wire-like spacers (e.g.,
acetylene and amide). However, coordination nanostructures bearing ligands with
large polyaromatic panels remained uncommon until around 2010. Thus, we
envisioned that the successful development of coordination-based capsules and
cages comprising polyaromatic frameworks would engender unique host abilities,
toward not only synthetic molecules but also biomolecules, in a new class of the
coordination nanospaces. Here we report on our recent investigation into the
syntheses and host functions (e.g., molecular recognition ability) of coordination
nanostructures with well-defined cavities surrounded by multiple polyaromatic panels.

Keywords: Coordination bond; Nanospace; Molecular recognition; Template
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Template Effects of Huge Colloidal Lattices in Water
(RIKEN) Yasuhiro Ishida

We have been studying huge lattice structures formed by various colloids dispersed in water,

which are magnetically oriented over a macroscopic size scale.

In the lattices, colloidal

particles strongly interfere with each other via van der Waals attraction and electrostatic

repulsion, so that the whole system behaves like a huge single crystal.

In this talk, unique

structures and functions of such lattices will be discussed.

Keywords :
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Highly functional carbon materials based on templatology (4ddvanced Institute for Materials

Research (WPI-AIMR), Tohoku University) OHirotomo Nishihara

It is possible to synthesize three-dimensionally tailored carbon materials which are
replicated from template substances such as zeolites and organic micelles. While such
conventional template method focuses simply on the nanostructure replication, our group
extends the concept to the replication including not only nanostructures but also
molecular-level information, for example molecular-structure replication of organic crystals,
and replication of graphene-growth sites on inorganic nanoparticles. This lecture will focus
on the highly functional carbon materials synthesized by such a new methodology, namely
"templatology". The bottom Figure shows an example of the synthesis scheme for ordered
carbonaceous framework (OCF) via carbonization of porphyrins. While it has been difficult
to control pyrolysis of organic substances as well as the formation reactions of carbonaceous
matters, we have demonstrated that a proper molecular design enables the formation of
crystalline OCFs which inherit the structural information of parent molecular crystals."
Keywords : Graphene; Porous Carbons; Ordered Carbonaceous Frameworks, Catalysis,;
Batteries

BATA FOAEI VLWl /ERE T 7 L— MU, 2 b Ok
NG SN 3 IRIED T/ I — R GEREZ R TE 5, GRS ) (2R L
WROT 7 L— MEZI L, Fex D7 V—TTlX, ARG O L OREE
WOMRE, EET KT DT T 7 = RERDOEROEE 2L, X0 &SERIFRO
G aieiliz 1707 —huo— EALEDT, @ERED — R MR DA RIS
BOMATHND, BlE LT, AT 0 U BHDOBERRIC X2 BLAIER Z L&A
(ordered carbonaceous framework; OCF) OFAH A X — A% NIRRT, BERICEES A
BN O oy i & PSR B AR AR BSOS D ABUE 72 HEN AR INEE T do - 7225 | bl 7259 1%
FHaAT 225 7R OGS A B E MO 2R TE OCF ORI AIREL 72 5.

Single-graphene framework

One-pot calcination $ O

WAL 0 N

: Thermal
: polymerization

Single-atomic
% metal-N; units

No weight loss High yield

(> 85%)

7 \§ //
Crystalline polymers
(intermediates)

Precursors

1) H. Nishihara et al., Nat. Commun. 2017, 8, 109; H. Nishihara et al., Chem. Lett.2020, 49, 619; F.
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Toward templatology of photo-excited triplet state (' Graduate School of Engineering, Kyushu
University, “JST-PRESTO) ONobuhiro Yanai'?

Photo-excited triplet state of organic molecules has interesting features such as a long
excitation lifetime of about milliseconds and a large electron spin polarization at room
temperature. Taking advantage of these features, it is expected to create functions that can be
achieved only with molecular excited triplet. In this talk, I will introduce recent topics of triplet-
based functions including photon upconversion, which is a wavelength conversion from low
energy light to higher energy light, and nuclear hyperpolarization, which improves the
sensitivity of NMR and MRI. I will also discuss the possibility that structural control by
templatology can bring about further control of the triplet functions.

Keywords : Photo-excited triplet; Photon upconversion; Hyperpolarization, Templatology
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Fig. 1. Mechanism of TTA-UC.

© The Chemical Society of Japan -B103-2am-05 -



B103-2am-05 AX{b2a B10255E2 (2022)
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B2 & A B DS Fig. 2. Mechanism of triplet-DNP. Adapted with permission
ARPICERHSND. from ref. 3. Copyrights 2020 Royal Society of Chemistry.
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Bl & & [E E HK, triplet-DNP & cross polarization (2 k> C7 /A v Z LD YF B
NMR 15 5 DT8R % R L7 Y,

1) N. Yanai, N. Kimizuka, Acc. Chem. Res. 2017, 50, 2487-2495.

2) D. G. Bossanyi, Y. Sasaki, S. Wang, D. Chekulaev, N. Kimizuka, N. Yanai, J. Clark, JACS Au 2021,
1,2188-2201.

3) K. Nishimura, H. Kouno, Y. Kawashima, K. Orihashi, S. Fujiwara, K. Tateishi, T. Uesaka, N.
Kimizuka and N. Yanai, Chem. Commun. 2020, 56, 7217-7232.

4) S. Fujiwara, N. Matsumoto, K. Nishimura, N. Kimizuka, K. Tateishi, T. Uesaka, N. Yanai, Angew.
Chem. Int. Ed. 2022, DOI: 10.1002/anie.202115792.
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Design of molecular Probes targeting highly-curved membranes for the analysis of
extracellular vesicles (“Department of Chem|stry, Graduate School of Science, Tohoku
University, 2JST, PRESTO) Yusuke Sato™?

With increasing knowledge about the diverse roles of extracellular vesicles (EVs), much
attention has been paid to chemical tools for analyzing the biological functions of EVs.
Recently, we developed new class of amphipathic helical (AH) peptide-based fluorescent
probes targeting exosomes, a subgroup of EVs that generally range from 30 to 150 nm. Our
probes are designed so as to selectively bind to highly-curved membranes of exosomes
through the recognition of lipid packing defects in the membrane surface via the hydrophobic
insertion of the a-helix structure of the AH peptide unit. These probes facilitate the
fluorescent detection and quantification of exosomes without the use of the protein markers
on the exosomal membranes, which stands in sharp contrast to traditional immunoassays. |
present the details on the probe design and its binding and fluorescence signaling ability with
a view toward the practical application to exosome analysis.

Keywords : Extracellular Vesicles; Membrane Curvature Sensing; Amphipathic Helical
Peptides; Fluorescence probes

FERTOMEN S S A /Ma GRaSN M) IXthofiia & oM AEER % L
TEREELEIAMBLRICEET 52 N0 TETWND, 209 HLER 30-150nm
BEOTY VY —MNIFHIRBICB T AR, A~—D—L LTHERATHLZ L5,
Z OfFENT « EEIEORBIZIERELPETH L, TNETEICZI VY —LKE\EIIHD
fiide L XY B ERER E LTehiRE (A 5 T vtA) BDIEKHNLNTWDER, Z0
FETEHFAR LFUEREE L TWET Y VY — AEEO B ATRETH D720, T D
ARAMIIRENTH D, AFIETIX, 29 LicA &/ T v A ORESER L5
LWALTHDOT Y VY —AMZHEHAL 9 2872t FlEEZBfRLT. =7 Y VY — 40D
RIS AR & LB+ 7 0 — 7 & BigE U=, BARAOIC I i s
IR ONDIRE Ny v VT RBEEE IS &7 5 B a-helix(AH) < 7' F R %
N—X&Ltatm%ﬁfm—f%m# AR LTz, BZ L7 a—7 1/ ao dh=

AT LT 38 IS B R L, TR < OB IR & B BRI AE & T D R & 5,
$%Efi\AHA7?F”%%7E—7®mJﬁ%E@%U b EHWe s
VY — L EREIBEIZOW TR T 5,
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Single-cell imaging of release activity of extracellular vesicles ('Graduate School of
Pharmaceutical sciences, The university of Tokyo) O Yoshitaka SHirasaki'

The response of the organism is highly regulated through various intercellular messengers.
In recent years, a variety of endogenous and exogenous fine particles have also come to be
known as these messengers. Endogenous fine particles include extracellular vesicles (EVs)
with lipid membranes, nucleic acid particles, and oil droplets. The biogenesis mechanism and
biological response analysis of these fine particles have been studied in vivo using laboratory
animals and in vitro using a large number of cultured cells. However, for understanding how
the diversified fine particles are produced, it is necessary to analyze them in association with
the diversity of cellular states. We have developed LCI-S (Live Cell Imaging of Secretion
activity) to visualize the diversity of the production dynamics of messenger molecules in single
cells. In this study, we applied LCI-S to EVs, one of the endogenous fine particles. By
comparing the characteristics of EV release from individual cells, we found not only a variety
of quantities of EVs among cells, but also a variety of release activities depending on the state
of the producing cells.

Keywords : Extracellular vesicles, Single-cell imaing; LCI-S

AROIGEIL L R A v Yy — 20 L CEEICHBE STV b, IT4E,
NIRME, SMEMEORE 2 28R b Z DA vy Yy —E LTHMDLND L) TleoTz,
NIRRT & LCix, IBE _ERICEENT-=7 Y Y — L7 Eofiiast /I a
(EVs) =0 Cell free DNA 72 & ORI, M2 ENZFET b D, ZiLb ORI D
PEE B FSOMORL L2 )3 2 AR IS B MENT 12, SEBREMW) A2 V72 in vivo RERCZ D
e &2 O 2 in vitro BBRAMTHON T WD, LU S, SEERMki +8 & D
EVWCFELASN TV DO EIFET 2 7-01201%, SIS DMOIREE L (& &b
BT THIT T O ERH D,

a1 2V E TIT 1RO 3k A ERER CELEE 9 5 Tk LCI-S (Live Cell Imaging
of Secretion activity) Z BHZE L. #x M RT X v Uy — 0 OREABRED AT
B w320 L C & 70, AFZETIL. 2O LCI-S ZNRMMki 0D —>TéH 5 EV (2T
i L7z, il 2 OREFED S D BV OfgHENEZ it L= & 2 A, flfaficis vy C&me
ZERVEDN L T2 720 T < | FEAEMBL O IRBEITHRATE L 7o ZAR 7R PFEAE B RE 2 L9~ 2
ENTET,

1) Microfluidic Immunoassays for Time-Resolved Measurement of Protein Secretion from Single Cells.
M. Yamagishi, O. Ohara, Y. Shirasaki, Annu Rev Anal Chem. 13(1):67-84(2020)
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Characteristic components of bacterial extracellular vesicles and their molecular properties
(‘Graduate School of Integrated Science and Technology, Shizuoka University,)
OYosuke Tashiro

Bacteria release membrane vesicles, which are microparticles with diameters ranging from
20 to 400 nm, from their outer membranes. The outer membrane of bacteria is not homogeneous,
and it is unclear from which part of the surface layer the membrane vesicles are released.
Pseudomonas aeruginosa has been used as a model bacterium for the analysis of membrane
vesicle components, and we have identified small-molecule compounds that specifically
accumulate in membrane vesicles. In this talk, I will introduce the unique biogenesis of
membrane vesicles based on their molecular characteristics, including Pseudomonas quinolone
signal, cardiolipin and cis-2-decenoic acid.

Keywords : membrane vesicles, Pseudomonas aeruginosa; cardiolipin; quinolone; fatty acid

AR X ELAE 20-400 nm DOFCRL T & 2 5/ Nu A Ml /M i LT 0 | /M 3im
JRIK - OFEM-CHER o 7 B E L COMEEEZ R LT\ 5, MIEMEI XY — Tl
N2 RIGD E DN BNt S D 0h £ FEkHIEEA T
%o A OITFERE %27 Vil & L T2 O/ IMam R 1 O R EIZHk A, B/ Malz
FEELAOICERAE T DR TAL AWM DOIFTEZ FU U e, AR CliX, 001 58
BINNT T o TE B/ NMAFE LA 71 = KX DZDWTHEN T 5,

RN O 2 /5T 5 U VARE 2T L7z & 2 A B/ NEH 35558 S o
AT T A NVEBEHTHNTY AT B (CL) OERNE ELE, £/2. MEFEICBT S
CL ORTEZEMNT LTz & Z A, flaiR7e & OB/ NMa IS ERE T 5 Z L3RS
e SHITAAFT 4V NIREETIIABMEMIEE O R S E > TRV | AMafifE
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B I,

Fo. BN ERSND S 7 FTAUMED—> L LT Pseudomonas quinolone signal
(PQS: 2-heptyl-3-hydroxy-4-quinolone) 2351531 TUWN5, PQS (FB/AKMEYE Tl A
T5Z & THR/NRER AN Y S, —h 28D PQS OFMEAMT L& 2 A,
PQS IFETORB/NIIZIZER SN TE LT, PQS AN DERIZ L > THE/IMaf K
DIFHFE SN D ATRBMEDS R ST,

— 5. BUNAOERREH R I D872 7T g & LU CEBEIRIIEE TH D cis-
2-decenoicacid (CDA) % F&x ITBIFHIRIT > LRFE LTz, CDA &GRS T DKRE
R CIEBE NMEE R OIR TR R 51072, CDA 1334 47 ¢ )V 2 & il 9 2 Behhmg
TITFNTH DN, BN OREFENI BN S TR TH 5,

PLEIZE D | FEIERE S A 47 4 L A TIEHIIEIE D CL EREERALIC PQS X° CDA 23ME
FH UBE N s i & 40 2 B S AIFZE Tldom S v7e,
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Mechanism of formation, regulation, and dysregulation of protein droplet (‘Institute of
Advanced Medical Sciences, Tokushima University) OTomohide Saio'

Liquid-liquid phase-separation (LLPS) into droplets is driven by weak and dynamic
interactions of proteins, especially intrinsically disordered proteins, and plays diverse functions,
such as gene expression, signal transduction, and stress response. However, their molecular
mechanisms remain unclear. In this presentation, I will report the results of the studies aiming
to elucidate the mechanisms of droplet formation, regulation by LLPS chaperones, and
disruption by disease-related factors.

Keywords : Liquid-liquid phase-separation (LLPS); chaperone,; Protein interaction;, NMR;
neurodegenerative disease, intrinsically disordered protein
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1) C90rf72-derived arginine-rich poly-dipeptides impede phase modifiers. Nanaura H, Kawamukai H,
(29 4), *Saio T, *Yoshizawa T, *Mori E. Nat Commun. 12, 5301, 2021.
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Phase separating RNA binding proteins and its regulators (College of Life Sciences,

Ritsumeikan University) OTakuya Yoshizawa, Ayano Fujiwara, Takeru Uehara, Fumika Ide,
Naoya Sasahara, Hiroyoshi Matsumura

RNAs and RNA binding proteins undergo liquid-liquid phase separation, forming
membrane-less organelles regulate multiple cellular functions. Fuse in Sarcoma (FUS) is one
of the most common targets in the biological phase separation study. FUS forms liquid-like
droplets sensitive to temperature, pH, pressure, etc. We will discuss our new approach for
understanding phase separation tendency of FUS (1,2). FUS is also known to form irreversible
aggregates induced by aberrant phase separation. FUS aggregates relate to fatal
neurodegenerative diseases, Amyotrophic lateral sclerosis (ALS) and Frontotemporal lobar
degeneration (FTLD). We found that nuclear import receptor, Karyopherin-f2 blocks FUS
phase separation. We also revealed that toxic poly-dipeptides inhibit Karyopherin-pf2 and
accelerate FUS phase separation (1,3,4).

Keywords : Biological phase separation, RNA binding protein, Nuclear import receptor

RNA & RNA &G RV B OMTHEZ X DD 72N AV 73 T 53, I O %45k
IHEREDORE i 295 Z ERHALMNE RV IER 28O T 5, Fused in Sarcoma (FUS)
[FIASBET 2 RNA RSB X o N7 BEORFER L LT, SEIERBUENOEAITHIZE
MHED HIL TV D, FUS IZHIMCHIBEC X 2SR T 253, 2 OWRR I3RS T
WMENTH Y | IR, pH, E172 EIC KD BEZIT 5, A#ETIX, FTaBdMfTo
72 FUS OFE 5B OB L FRIRENT 2R3 2 (1,2),

72, FUS IZRFERMOHEICE 2D EEZ LN D R EHERERE T 5
ZEBHHBN TS, FUS OREEAIT, AZEMMERIREELIE (ALS) <CRITEHIBAHEZ
PESE (FTLD) 72 EOHEERMBRAEMER LEDLL Z LRI T D, Fx i,
FUS O BEA SIS 2% & 2 X7 B & LTINS S K Karyophern-B2 % FLHH L7,
S BT, BEME ALS OFE R KT Th 540 i LESIAR Y X7 F R7) Karyopherin-
B2 ZfHETHZ L& T LV TH LN E LT,

1) Yoshizawa et al., Cell 2018, 173(3), 693

2) Kitahara et al., J Am Chem Soc 2021, 143(47), 19697
3) Gonzalez et al., Sci Rep 2021, 11(1), 3754

4) Nanaura et al., Nat Commun 2021, 12, 5301
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Synthetic phase separation tools for manipulating cell function (Graduate School of
Engineering, Nagoya Institute of Technology) O Shinya Tsukiji

Compartmentation of proteins into biomolecular condensates or membraneless organelles
formed by phase separation is an emerging principle for the regulation of cellular processes.
Creating synthetic organelles that can accommodate specific intracellular proteins would
provide a new approach for artificially manipulating signaling and biochemical processes in
cells. In this presentation, I will report the construction of synthetic phase separation tools
(synthetic protein condensates) capable of recruiting and/or releasing proteins of interest in
living mammalian cells in response to a small molecule or light.

Keywords: phase separation; synthetic protein condensate; chemogenetics; optogenetics,
signal transduction
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1) M. Yoshikawa, T. Yoshii, M. Ikuta, S. Tsukiji, J. Am. Chem. Soc.. 2021, 143, 6434. 2) M. Yoshikawa,
S. Tsukiji, Biochemistry. 2021, 60, 3273.
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SARS-CoV-2 infection (' Research Institute for Microbial Diseases, Osaka University,) OEmi
E. Nakayama,'

The new coronavirus (SARS-CoV-2) is a circular envelope virus with a diameter of 100-200
nm. Since it has a lipid bilayer, it can be easily inactivated by alcohol or surfactants such as
soap and detergent. The internal genetic information is single-stranded (+) RNA, and the
genome is 30 kb long, making it susceptible to nucleic acid damage by UV light. In this talk,
we will outline the virus inactivation method and infectivity assay.

Keywords : SARS-CoV-2; Inactivation, UVC; TCID50
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The bactericidal effect of deep UV light-emitting diodes (SEIWA ELECTRIC MFG. CO., LTD.)
(OTakashi Douura

Ultraviolet rays (UVs) are divided into UV-A (400-315 nm), UV-B (315-280 nm), and UV-
C (280-100 nm) based on the wavelength. The excellent properties of UV-C, such as water
purification and sanitization, have enabled their extensive use in the food and medical fields.
Low- or Medium pressure mercury lamps have been commonly used as light sources. On the
other hand, UV-C light-emitting diodes (LEDs) have attracted numerous attention in terms of
safety in recent years, because they can serve as a mercury-free light source. Unlike mercury
lamps, LEDs can illuminate immediately upon starting without warm-up operations, resulting
in energy saving. Further, LED modules can be designed intentionally owing to their
compactness. As a result, LED-based sterilizing devices enable point-of-use water purification.
However, UV-LEDs still suffer from low luminous efficiency and heat generation. Thus, they
should be fabricated to provide high heat dissipation efficiency. Hence, Seiwa Electric Mfg.
Co. Ltd. developed a flow-through small sterilizing device based on UV-C-LEDs. Importantly,
the sanitizing effect of the device is determined by several factors, such as structures or flow
rates, and differs depending on the kinds of bacteria samples.To confirm this, we clarified the
correlation between UV-irradiation intensity and an inactivating effect on a target bacteria. In
addition, we also explored the antibacterial effects of UV-C irradiation power and flow rates
on water sanitization through water-flowing tests in practical use. In this presentation, we will
provide more detailed results and discussion.
Keywords : deep UV light-emitting diodes, sanitization, water purification
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Antibacterial metallic materials (Faculty of Engineering, Osaka City University) O Hiroshi
Kawakami

Copper and its alloys have been recognized as bactericidal and antiviral metals. Copper and
certain types of copper alloys were registered by U.S. Environmental Protection Agency as
antibacterial metallic materials. Introducing copper and its alloys in frequently hand touched
surfaces is expected to be a measure against indirect contact infections. Bactericidal activities
of copper have been termed "contact killing", which consists of four functions of copper ions,
i.e. initiation of reactive oxide species, membrane damages, protein damages, and, DNA
damages. These functions act individually or simultaneously inducing bacterial cells to death.
Impacts of nanoparticles of copper and its oxides on environment are not clear and necessary
to be investigated.

Keywords : antibacterial, copper and copper alloys, environmental surface, hospital-acquired
infection
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1) U.S. EPA Registration Number: 82012-5, United State Environmental Protection Agency, 2008.

2) CDC: The direct medical costs of healthcare-associated Infections in U.S. hospitals and the benefits
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Prevention, 2009.
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8) Acute toxicological effects of copper nanoparticles in vivo. Z. Chen, et. al. Toxicol. Lett. 2006, 163,
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Material surface modification to impart antivirus/antibacterial activity by molecular precursor
method ('School of Advanced Engineering, Kogakuin University) OMitsunobu Sato!

The molecular precursor method using stable metal complexes as film precursors is a
chemical wet method that can facilely form excellent thin films of metals, metal oxides, and
phosphates. The Na-free glass plates on which the well-adhered Cu,O thin film and Cu film
were coated respectively on the surface by this method at ambient temperature and pressure
are more active than the commercially available Cu plate generally having high antiviral
activity. The chemical modification by this method that imparts the antiviral/antibacterial
activity to non-heat-resistant resin plates and filters of complicated shape will be also presented.
Keywords : Molecular precursor method, Anti-bacterial and anti-viral films; Cu>O and Cu

films,; Ambient temperature and pressure; Resin plates and filters

oo oA /LA (COVID-19) 72 & DREYUEDBEIRIL, U7 F ORISR B %
EIIZHIT A VA - BUEM BB OEEE 2R L TWD, b A/ X— 3 VI
0 fHTe R & HEF O —olz T=F U 7] 22505 T, MBHZ X 28 LU MIlfE - o8
EDORIH & PEFEF A IO ) O(LICI D flTe & L TR Y, iET o X0, BiF
M7 7 A 8T X v 7 A, BEREM L E OB BHI IR 2 T 5,

DTV — =ik, SESEREEURE S OB A L, FEREMEEIRA R
AT 57 a2 THDH D, ZoAMIEEIL, BEREREABAE LT, &
HIRSCZ O by, V VRS OEN - ERZ ISR TE 5, $5KE T X LT
v EDOWRISERIH L CRERT L — Y —IRIR & iRIBEZIE FHT 2 ms, REEHE
ROMAKDE L BEISTHRIEGERBR Y ~—ImKE RN )V WEE R W
JFEIZB T D EEFREEOE W2 > TV D,

DTV T — VIR BRI AR - R LT T L — A L ik b TRk
ICEMLERT % &, <3 — @R BRR b7 E OREEEREZ R TE 5, 7L
T — W —TRIR NG Lo bR R T D BN T OREFHE, = —T 1 > ZIRIROMEE %A
PERETS T C <, ZOBOMIERIS T vk 2 LI, B E T 3 EEOEIECHEEIC
WET DL Ny hoTE T,

Folt, $EROEIR « HIE T CORIGZFA LT, # ik O B Lai) ERs-Ck 2 &
HZFE SETET VT ) AT 2T, L0 A NV ATEED @ WTTIR OS#R K 0 & &k
i 7C 99.9%LL ED COVID-19 NE{L &R 2 EMMA LMo T2, AREETIE, o1
7L I — Y —IE DRI © B OWFIERE 5 C b 2 IEMEMERIE 77 L — b oM
IR DT 4 NV H—FDOMERE~DOHLT A VA« FLEIEHEOM 5 BT 5,

1) M. Sato, H. Hara, T. Nishide, Y. Sawada, J. Mater. Chem. 1996, 6, 1767-1770.
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