Mon. Mar 22, 2021

Webiner 4

Symposium | Co-Innovation Program (CIP) | T1D. Informatics-driven
materials development

[SO4-4am] T1D. Informatics-driven materials

development
Chair, Symposium organizer:Michihisa Koyama, Kenji Hara
10:00 AM - 11:50 AM Webiner 4 (Online Meeting)

[SO4-4am-01] Strategy for Polymer Materials Design with
Process Condition -Development of
Automated Chemistry-
OKimito Funatsu? (1. The University of Tokyo,
2. Nata Institute of Science and Technology)
10:20 AM - 11:10 AM

[S04-4am-02] Application of automated de novo
molecular design in chemical industry
OMitsuru Irie’ (1. MI-6 Ltd.)
11:20 AM - 11:50 AM

Symposium | Co-Innovation Program (CIP) | T1D. Informatics-driven
materials development

[SO4-4pm] T1D. Informatics-driven materials

development
Chair, Symposium organizer:Nobuyuki Zettsu, Tadashi Taniguchi
1:00 PM - 5:50 PM Webiner 4 (Online Meeting)

[S04-4pm-01] Development of nondestructive imaging for
electric current density distribution inside
rechargeable battery.
oKenjiro Kimura', Hideaki Okada’, Kai
Yabumot02'1, Seiju Matsuda2'1, Shogo Suzuki2'1,
Kentaro Kuratani3, Hironori Kobayashi3, Yuki
Mima?, Noriaki Kimura® (1. Kobe University, 2.
Integral Geometry Science Inc., 3. National
Institute of Advanced Industrial Science and
Technology)

1:00 PM - 1:30 PM

[SO4-4pm-02] New Materials Discovery by Using Materials
Informatics Technique in All Solid Battery
CHISATSUGU YAMASAKI' (1. TOYOTA MOTOR
CORPORATION)

1:40 PM - 2:10 PM

[SO4-4pm-03] The First Machine-Generated Research
Book
Oshin'ichi Koizumi' (1. Springer Japan KK)
2:20 PM - 2:50 PM

[S04-4pm-04] Analysis of electromagnetic field in
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nanostructured systems by electron
holography: achievement of automation
and high-precision
OYasukazu Murakami1, Akira Koyama1, Yoshio
Takahashiz, Tetsuya Akashiz, Fumiaki Ichihashiz,
Toshiaki Tanigaki?, Hiroyuki Shinada® (1.
Kyushu University, 2. Hitachi, Ltd.)
3:20 PM - 3:50 PM

[S04-4pm-05] Consortium activities for fractography by
using deep learning
ONobuhito Tsurui1, Kenta Yamagiwaz, Tadahiro
Shibutani®, Shinsuke Sakai® (1. Kobe Material
Testing Laboratory Co., Ltd., 2. National Institute
of Occupational Safety and Health, 3. Center for
Creation of Symbiosis Society with Risk,
Yokohama National University)
4:00 PM - 4:30 PM

[S04-4pm-06] Design, prediction, and exploration of
inorganic materials using high-throughput
first-principles calculations
OFumiyasu Oba' (1. Tokyo Institute of
Technology)
4:40 PM - 5:10 PM

[S04-4pm-07] Prediction of Stability and Catalytic Activity
of Multinary Nanoalloy based on Real-
system First-principles Calculations
OMichihisa Koyama' (1. Shinshu University)
5:20 PM - 5:50 PM

Symposium | Co-Innovation Program (CIP) | T2A. Evolving organic solar cell
technology: Research and development from material science to system
integration

[S03-4am] T2A. Evolving organic solar cell
technology: Research and development
from material science to system

integration
Chair, Symposium organizer:Tsutomu Miyasaka
9:50 AM - 11:50 AM Webiner 3 (Online Meeting)

[S03-4am-01] Development of Perovskite Solar Cells for
Practical Use
Ovukihiro Kaneko1, Hiroshi Higuchi1, Takashi
Nishihara1, Teruaki Yamamoto1, Taisuke Matsui1,
Takayuki Negami' (1. Panasonic Corporation)
10:00 AM - 10:30 AM

[S03-4am-02] Space Application of Perovskite Solar Cells



vy Miyazawa1, Masashi Ikegamiz, Tsutomu
Miyasakaz, Shusaku Kanaya1, Hiroyuki Toyota1,
Kazuyuki Hirose™ (1. JAXA, 2. Toin Univ. of
Yokohama, 3. Waseda Univ.)
10:30 AM - 11:00 AM

[S03-4am-03] Organometal halide perovskite solar cell
which became the leading role of next
generation photovoltaics
OHiroshi Segawa' (1. The University of Tokyo)
11:00 AM - 11:50 AM

Symposium | Co-Innovation Program (CIP) | T2A. Evolving organic solar cell
technology: Research and development from material science to system
integration

[S03-4pm] T2A. Evolving organic solar cell
technology: Research and development
from material science to system

integration
Chair, Symposium organizer:Shigeru lkeda, Yutaka Matsuo,
Tsutomu Miyasaka
1:00 PM - 4:50 PM Webiner 3 (Online Meeting)

[S03-4pm-01] Development of materials and interfacial
structures in perovskite solar cells
OTsutomu Miyasaka Miyasaka' (1. Toin
University of Yokohama)
1:00 PM - 1:30 PM

[S03-4pm-02] Phase Stable and Less-Defect Perovskite
Quantum Dots: Optical Property,
Photoexcited Carrier Dynamics and
Application to Solar Cells
OQing Shen' (1. The University of Electro-
Communications)
1:30 PM - 2:00 PM

[S03-4pm-03] Development of New Materials and
Improvement of stability for Perovskite
Solar Cells
liang Wang', Shuzhang Yang', ®Tingli MA' (1.
Kyushu Institute of Tehnology)
2:00 PM - 2:30 PM

[S03-4pm-04] Highly sensitive photodetection by organic-
inorganic perovskites hybridized with a
metal complex
OAyumi Ishii'?, Tsutomu Miyasaka' (1. Toin
University of Yokohama, 2. JST PRESTO)
2:40PM - 3:10 PM

[S03-4pm-05] Thermal optical properties of carbon

nanotubes and their application to solar
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energy conversion
OYuhei Miyauchi' (1. Kyoto University)
3:10 PM - 3:40 PM
[S03-4pm-06] Development of organic solar cell materials
based on precise molecular design
Ovutaka le' (1. Osaka University)
3:40 PM - 4:10 PM
[S03-4pm-07] Industrialization of organic thin-film solar
cells
OKenji Omote' (1. idealstar inc.)

4:10 PM - 4:40 PM

Symposium | Co-Innovation Program (CIP) | T3B. Diagnostic and preventive
chemistry for future healthcare

[S06-4pm] T3B. Diagnostic and preventive

chemistry for future healthcare
Chair, Symposium organizer:Kaori Sakurai
1:00 PM - 4:30 PM Webiner 6 (Online Meeting)

[S06-4pm-01] Exploring the microbiome frontier with
single-cell analysis
OHaruko Takeyama' (1. Waseda University)
1:10 PM - 2:00 PM

[S06-4pm-02] Gut environment-based stratified
healthcare creates a new field of preventive
medicine
OShinji Fukuda'?3* (1. Inst. Adv. Biosci., Keio
Univ., 2. KISTEC-KAST, 3. Univ. Tsukuba School
of Med., 4. Metabologenomics, Inc.)
2:00 PM - 2:30 PM

[S06-4pm-03] Development of liquid biopsy for detection
of presymptomatic diseases
OTakahiro Ochiya' (1. Tokyo Med Univ)
2:30 PM - 3:20 PM

[S06-4pm-04] Early life gut microbiota development and
the property of infant predominant
bifidobacteria
OTakahiro Matsuki' (1. Yakult Central
Institute)
3:30 PM - 4:00 PM

[S06-4pm-05] Development of the functional food
through analysis of bacterial metabolites
using a mass spectrometer
OMitsuharu Matsumoto' (1. Kyodo Milk
Industry Co. Ltd.)
4:00 PM - 4:30 PM



Symposium | Co-Innovation Program (CIP) | T3D. Future society created by
smart cell industry

[SO5-4am] T3D. Future society created by smart cell

industry
Chair, Symposium organizer:Akihiko Kondo, Tomohisa Hasunuma
10:00 AM - 12:00 PM Webiner 5 (Online Meeting)

[SO5-4am-01] Current situation and future prospects of
smart cell industry
OAkihiko Kondo™? (1. Kobe University, 2. RIKEN
)
10:10 AM - 11:00 AM

[SO5-4am-02] Study on bioproduction of useful
compounds by artificial metabolic pathway
design
CTomokazu Shirai1, Yutaro Mori1, Shuhei Noda1,
Akihiko Kondo' (1. RIKEN)
11:00 AM - 11:30 AM

[SO5-4am-03] Enhancement of protein function based on
molecular dynamics simulation and
machine learning
OTomoshi Kameda' (1. AIST)
11:30 AM - 12:00 PM

Symposium | Co-Innovation Program (CIP) | T3D. Future society created by
smart cell industry

[SO05-4pm] T3D. Future society created by smart cell
industry

Chair, Symposium organizer:Takeshi Nagasaki, Kenji Tsuge,

Akihiko Kondo

1:00 PM - 5:05 PM Webiner 5 (Online Meeting)

[S05-4pm-01] High performance microbial cell factories
development by model based metabolic
design and adaptive laboratory evolution
OHiroshi Shimizu' (1. Osaka University)

1:00 PM - 1:50 PM

[SO5-4pm-02] Long-chain DNA synthesis technology for
the realization of Smart Cell Industry
OKenji Tsuge' (1. Synplogen, Co., Ltd.)

1:50 PM - 2:20 PM

[S05-4pm-03] Developement of Streptomyces Cell-
Factory, "N-STePP"

Yuji Noguchi1, Nobuyoshi Ishii1, Keiko Kaetsu1,
Nanami Nakashima1, Yuki Kuriyaz, Tomokazu
Shirai3, Michihiro Arakiz, OTakeshi Nakatani' (1.
NAGASE &CO. LTD., 2. Kyoto University, 3.

©The Chemical Society of Japan

The Chemical Society of Japan The 101st CSJ Annual Meeting

Institute of Physical and Chemical Research)
2:20 PM - 2:50 PM

[SO5-4pm-04] Development of yeast-based microbial cell
factories and basic technologies for
creation of Smart Cells
CJun Ishii' (1. Kobe University)
3:00 PM - 3:30 PM

[SO5-4pm-05] Smart cell development based on
metabolism analysis and automation
technology
OTomohisa Hasunuma' (1. Kobe University)
3:30PM - 4:00 PM

[SO5-4pm-06] Smart cell design suggestion technology
based on knowledge extraction from
literature and public data
CKiyoto Ito’, Michihiro Araki>® (1. Hitachi, Ltd.,
2. National Institute of Health and Nutrition, 3.
Kyoto University)
4:00 PM - 4:30 PM

[S05-4pm-07] Development of Gene Regulatory Network
Modelling for Smart Cells
OSachiyo Aburatani1, Koji Ishiya1, Pui Shan
Wong', Adrien Rougny' (1. The National
Institute of Advanced Industrial Science and
Technology (AIST))
4:30 PM - 5:00 PM

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

[SO7-4am] International Symposium on Molecular
Science - Physical Chemistry /
Theoretical Chemistry,
Chemoinformatics, Computational
Chemistry - Cosponsored by Japan

Society for Molecular Science
Chair, Symposium organizer:Yasuhiro Ohshima, Yasuteru Shigeta,
Hiroshi Yamamoto, Tomuyuki Akutagawa, Yasuhiro Nakazawa
9:00 AM - 11:40 AM Webiner 7 (Online Meeting)

[SO7-4am-01] Machine learning prediction of protein and
molecule photo-spectroscopy
OJun Jiang"? (1. Hefei National Laboratory for
Physical Sciences at the Microscale, 2. University
of Science and Technology of China)

9:05 AM - 9:40 AM



[SO7-4am-02] Group Theoretical Insights into Metal
Clusters: Their Potentials and Design
Principles
ONaoki Haruta'?>>* (1. FIFC, Kyoto Univ., 2.
Grad. Sch. Eng., Kyoto Univ., 3. ESICB, Kyoto
Univ., 4. IR, Tokyo Tech.)
9:40 AM - 10:00 AM

[SO7-4am-03] Solid-state calculation using the
transcorrelated method
OMasayuki Ochi’ (1. Osaka University)
10:00 AM - 10:20 AM

[SO7-4am-04] Atomically Resolved Light-illuminated
Scanning Tunneling Microscopy and
Spectroscopy Results in Hybrid Perovskites
©Ya-Ping Chiu Chiu' (1. National Taiwan
University)
10:25 AM - 11:00 AM

[SO7-4am-05] Exotic physical properties emerging from
geometrically frustrated m electrons: From
quantum liquids to superconductivity
OKenichiro Hashimoto' (1. The Univ. of Tokyo)
11:00AM - 11:20 AM

[SO7-4am-06] Charge-to-spin current conversion by chiral
molecules
OMasayuki Suda' (1. Kyoto University)
11:20 AM - 11:40 AM

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

[SO7-4pm] International Symposium on Molecular
Science - Physical Chemistry /
Theoretical Chemistry,
Chemoinformatics, Computational
Chemistry - Cosponsored by Japan

Society for Molecular Science
Chair, Symposium organizer:Yasuhiro Nakazawa, Ken Onda
1:00 PM - 3:40 PM Webiner 7 (Online Meeting)
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molecular ferroelectrics and analysis of
modulation frequency dependence of the
pyro-current using a 1D heat transfer
model
OKaoru Yamamoto' (1. Okayama University of
Science)
1:20PM - 1:40 PM

[SO7-4pm-03] Coupled Excited State Electron-lattice
Dynamics in Lead Halide Perovskites
OHaiming Zhu' (1. Zhejiang University)
1:40 PM - 2:15PM

[SO7-4pm-04] Real-time GW-BSE Investigations on Spin-
Valley Exciton Dynamics in Monolayer
Transition Metal Dichalcogenide
OJin Zhao', Xiang Jiang', Qijing Zheng' (1.
University of Science and Technology of China)
2:25PM - 3:00 PM

[SO7-4pm-05] Interface Analysis during the Energy
Conversion by Scanning Probe Microscopy
OTaketoshi Minato' (1. Institute for Molecular
Science, National Institutes of Natural
Sciences)
3:00 PM - 3:20 PM

[SO7-4pm-06] Photoinduced reduction mechanism of
graphene oxide revealed by ultrafast time-
resolved electron diffraction
OMasaki Hada' (1. University of Tsukuba)
3:20 PM - 3:40 PM

[SO7-4pm-01] Pulse-driven nonvolatile phase change of
electronic/magnetic/superconducting
states
OFumitaka Kagawa'? (1. the University of
Tokyo, 2. RIKEN CEMS)

1:00 PM - 1:20 PM
[SO7-4pm-02] Temperature-modulated pyroelectricity

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

[SO7-4vn] International Symposium on Molecular
Science - Physical Chemistry / Theoretical
Chemistry, Chemoinformatics,
Computational Chemistry - Cosponsored

by Japan Society for Molecular Science
Chair, Symposium organizer:Masanori Tachikawa, Hirofumi Sato
4:10 PM - 5:30 PM Webiner 7 (Online Meeting)

[SO7-4vn-01] Data-assisted Insights to Overcome
Challenges Associated with Thermoelectrics
OAbhishek Kumar Singh1 (1. Indian Institute of
Science)
4:10 PM - 4:45 PM

[SO7-4vn-02] Data-driven analysis of XAFS and EELS
OTeruyasu Mizoguchi Mizoguchi' (1. The



University of Tokyo)
4:45 PM - 5:05 PM

[SO7-4vn-03] Computational materials design using
materials simulations and informatics
OKenta Hongo' (1. JAIST)
5:05 PM - 5:25 PM

Symposium | Special Program | Development of progressive chemical
technology against infectious disease

[SO6-4am] Development of progressive chemical

technology against infectious disease
Chair, Symposium organizer:Yuriko Matsumura, Chihiro
Mochizuki
9:00 AM - 11:40 AM Webiner 6 (Online Meeting)

[S06-4am-01] Classification of pathogenic microbes and
host-parasite relationship
OTakashi Nakano' (1. Osaka Medical College)
9:05 AM - 9:40 AM

[S06-4am-02] Oral and systemic diseases associated with
oral biofilm formation and prevention
©Hidenobu Senpuku' (1. National Institute of
Infectious Diseases)
9:40 AM - 10:15 AM

[S06-4am-03] New Japanese Industrial Standards (JIS).
The micro world with a Portable Microbe
Imaging Scopes.
OKiyofumi Kano' (1. mil-kin Inc.)
10:15 AM - 10:30 AM

[S06-4am-04] Bio-active New Material to Maintain
Healthy Oral Condition and Prolong Tooth
Life
©Mitsuharu Mizuno' (1. SHOFU INC.)
10:30 AM - 11:00 AM

[SO06-4am-05] Sterilization of liquid and material surfaces
using atmospheric temperature-
controllable plasma
OAkitoshi Okino" (1. Tokyo Tech)
11:00AM - 11:35 AM

©The Chemical Society of Japan

The Chemical Society of Japan The 101st CSJ Annual Meeting



The Chemical Society of Japan The 101st CSJ Annual Meeting

Symposium | Co-Innovation Program (CIP) | T1D. Informatics-driven materials development

[SO4-4am] T1D. Informatics-driven materials development
Chair, Symposium organizer:Michihisa Koyama, Kenji Hara
Mon. Mar 22, 2021 10:00 AM - 11:50 AM Webiner 4 (Online Meeting)

[SO4-4am-01] Strategy for Polymer Materials Design with Process Condition -
Development of Automated Chemistry-
OKimito Funatsu'? (1. The University of Tokyo, 2. Nata Institute of Science and
Technology)
10:20 AM - 11:10 AM

[S04-4am-02] Application of automated de novo molecular design in chemical
industry
OMitsuru Irie’ (1. MI-6 Ltd.)
11:20 AM - 11:50 AM
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Strategy for Polymer Materials Design with Process Condition -Development of Automated
Chemistry (Graduate School of Engineering, The University of Tokyo, Nara Institute of Science
and Technology) Kimito Funatsu

Application of data-driven chemistry to design of organic materials with process condition
is shown using concrete example. Process informatics realizing material design, prodess design
and quality control is referred in this lecture.

Keywords . Data-Driven Chemistry, Chemoinformatics, Prosess Informatics, Materials

Informatics
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1) T. Miyao, M. Arakawa, K. Funatsu, Molecular Informatics 2010, 29, 111.

2) K. Funatsu, M. Arakawa, T. Miyao, Current Computer-Aided Drug Design 2011, 7, 1.

3) T. Miyao, K. Funatsu, J. Chem. Inf. Model. 2016, 56(2), 286.

4) $HHRALE, Si)IE, PEATE—, M A, J. Comput.-Aided Chem. 2000, 1, 35.

5) #EME, FIER, A A, J. Comput.-Aided Chem. 2009, 10, 30.

6) MEAN, & 79LE, Y7 e —AM - BENOEAOMAEFET -, anm
J%t, 2014,
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Application of automated de novo molecular design in chemical industry
(IMI-6 Ltd.) Mitsuru Irie !

Recent developments in computer science and computing environment have accelerated
the application of machine learning and mathematical optimization techniquesa across
academia/industry, and the same trend is occurring in chemistry and materials research. In
particular, the application of data science approaches to materials design is called "Materials
Informatics (MI)".

MI-6 Ltd., as a startup dedicated to MI, has been applying MI methods in various materials
development projects. Among the many MI methods, one of the most interesting targets is the
automated de novo molecular design.

Although the automated molecular design has been studied for a long time in the field of
drug discovery, there are not many examples of its application in the field of materials. In
addition, there are many settings that are not appropriate as benchmarks for molecular design
in the field of materials, such as the target molecule being small and the evaluation function
being drug-likeness. In this presentation, I would like to discuss the current status of and
barriers to the automated molecular design in the chemical and materials industries, along
with application examples.

Keywords  Materials Informatics, De novo molecular design, Machine learning,
Experimental design, Cheminformatics
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Symposium | Co-Innovation Program (CIP) | T1D. Informatics-driven materials development

[S04-4pm] T1D. Informatics-driven materials development
Chair, Symposium organizer:Nobuyuki Zettsu, Tadashi Taniguchi
Mon. Mar 22, 2021 1:00 PM - 5:50 PM Webiner 4 (Online Meeting)

[SO04-4pm-01] Development of nondestructive imaging for electric current density
distribution inside rechargeable battery.
OKenjiro Kimura', Hideaki Okada’', Kai Yabumoto?"', Seiju Matsuda®", Shogo Suzuki®',
Kentaro Kuratani®, Hironori Kobayashi®, Yuki Mima?, Noriaki Kimura® (1. Kobe University,
2. Integral Geometry Science Inc., 3. National Institute of Advanced Industrial Science and
Technology)
1:00 PM - 1:30 PM

[SO04-4pm-02] New Materials Discovery by Using Materials Informatics Technique in
All Solid Battery
OHISATSUGU YAMASAKI' (1. TOYOTA MOTOR CORPORATION)
1:40 PM - 2:10 PM

[S04-4pm-03] The First Machine-Generated Research Book
OShin'ichi Koizumi' (1. Springer Japan KK)
2:20 PM - 2:50 PM

[S04-4pm-04] Analysis of electromagnetic field in nanostructured systems by
electron holography: achievement of automation and high-precision
Ovasukazu Murakami1, Akira Koyama1, Yoshio Takahashiz, Tetsuya Akashiz, Fumiaki
Ichihashi?, Toshiaki Tanigakiz, Hiroyuki Shinada® (1. Kyushu University, 2. Hitachi, Ltd.)
3:20 PM - 3:50 PM

[S04-4pm-05] Consortium activities for fractography by using deep learning
“Nobuhito Tsurui', Kenta Yamagiwaz, Tadahiro Shibutani®, Shinsuke Sakai® (1. Kobe
Material Testing Laboratory Co., Ltd., 2. National Institute of Occupational Safety and
Health, 3. Center for Creation of Symbiosis Society with Risk, Yokohama National
University)
4:00 PM - 4:30 PM

[SO04-4pm-06] Design, prediction, and exploration of inorganic materials using high-
throughput first-principles calculations
OFumiyasu Oba' (1. Tokyo Institute of Technology)
4:40 PM - 5:10 PM

[S04-4pm-07] Prediction of Stability and Catalytic Activity of Multinary Nanoalloy
based on Real-system First-principles Calculations
©Michihisa Koyama' (1. Shinshu University)
5:20 PM - 5:50 PM
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Development of nondestructive imaging for electric current density distribution inside
rechargeable battery.

(Kobe University!, Integral Geometry Science Inc.,2, National Institute of Advanced Industrial
Science and Technology®, NEDO*) OKenjiro Kimura'4, Hideaki Okada!, Kai Yabumoto?,
Seiju Matsudal?, Shogo Suzuki'?, Kentaro Kuratani®, Hironori Kobayashi®, Yuki Mima?,
Noriaki Kimura?4,

In recent years, the demand for high-energy density storage batteries has been increased,
and it has become indispensable to develop advanced quality control technology for realizing
safety operation and a methodology for investigating the cause in the event of abnormal
operation. So far, we have succeeded in realizing a technology that derives the electric current
density distribution analytically inside the storage battery using the spatial distribution of the
magnetic field that leaks to the outside of the storage battery when the storage battery is charged
and discharged, and non-destructively visualizes the local electric current concentration point.
We have succeeded in identifying self-discharge points and short-circuit points that are difficult
to find even by disassembly microscopy. In this research, we discuss about the latest
experimental results, with the development contents of elemental technologies that are
important for practical use, regarding efforts toward higher accuracy and in-line diagnostic
imaging.

Keywords . Inverse problem, High-sensitive magnetic field measurement, Battery, Non-
destructive measurement, Quality management
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measurement”, Subsurface Imaging Science & Technology, 1, 1, pp.1-16, 2017.
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New Materials Discovery by Using Materials Informatics Technique in All Solid Battery

(TOYOTA MOTOR CORPORATION) Hisatsugu Yamasaki

Safe and robust battery is urgently requested today for power sources of (hybrid) electric
vehicles (HEV and EV), and thus an increasing interest developed around all solid-state lithium
ion battery (LIB). One of critical internal cell resistance stems from electrode composite, where
Li ion and electron conduction is required. Here, we suggest that the ionic conductor as an
additive for electrodes to reduce internal cell resistance and increase energy density. To realize
above concept, materials exploration for ionic conductors are required. In this paper, efficient
and high-throughput computational approach for materials exploration is presented with an aid
of informatics techniques. We calculate ionic conductivities and phase stability (decomposition
energy) of above materials by materials simulation technique, and apply Bayesian-optimization
approach to find the best materials that satisfy ionic conduction and phase stability. The results
showed largely improved efficiency comparing with random search algorithm.

KEY WORDS: EV and HV systems, All solid-state Li ion battery, Materials exploration,
Materials simulation, Bayesian optimization
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4) M. Nakayama, M. Kimura, R. Jalem, T. Kasuga, Efficient automatic screening for Li ion
conductive inorganic oxides with bond valence pathway models and percolation
algorithm Jpn. J. Appl. Phys. 55, p.01AHO05 (2016).

5) R. Jalem, T. Aoyama, M. Nakayama, M. Nogami, Multivariate Method-Assisted Ab Initio
Study of Olivine-Type LiMXO4 (Main Group M2+-X5+ and M3+-X4+) Compositions as
Potential Solid Electrolytes Chem. Mater. 24, p.1357-1364 (2012).

6) R.Jalem, K. Kanamori, I. Takeuchi, M. Nakayama, H. Yamasaki, T. Saito, Bayesian Driven
First Principles Caluculation for Accelerating Exploration of Fast lon Conductors for
Rechargeable Battery Application, Sci. Rep. 8, p.5845 (2018).
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The First Machine-Generated Research Book

(a Yo H— ) O/NR B—
The First Machine-Generated Research Book (Springer Japan KK) OShin’ichi Koizumi

In 2019, Springer Nature published its first machine-generated book in chemistry. This book
prototype provides an overview of the latest research in the rapidly growing field of lithium-
ion batteries. In close collaboration between Springer Nature and researchers from Goethe
University Frankfurt/Main, a state-of-the-art algorithm, the so-called Beta Writer, was
developed to select, consume and process relevant publications in this field from Springer
Nature’s content platform SpringerLink. Based on peer-reviewed and published content, Beta
Writer uses a similarity-based clustering routine to arrange source documents into coherent
chapters and sections. Subsequently, this algorithm creates succinct summaries of the articles.
In addition, the extracted quotes are referenced by hyperlinks, which allow readers to further
explore the original source documents. Automatically created introductions, table of contents
and references facilitate the orientation within the book. By providing a structured excerpt from
a potentially huge set of papers, this book is expected to deliver an overview of a specific
subject area or topic saving time and labor.

After publication of the first machine-generated book, the algorithm was rebuilt and
extended to develop The Dimensions Autosummarizer tool. This tool enables us to support our
authors/editors in their preparation and publication of books by providing a structured table of
contents on the selected topic, a clustered literature overview, and auto-generated summaries
of already published resources.

In this presentation, | will share our image of the future of books and provide the latest
information on the use of Al for writing books.

Keywords : Machine-generated book; Beta Writer; Auto-summarization; Natural Language
Processing; Lithium-ion batteries
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Analysis of electromagnetic field in nanostructured systems by electron holography:
achievement of automation and high-precision (*Graduate School of Engineering, Kyushu
University, 2Hitachi Ltd.) O Yasukazu Murakami,® Akira Koyama,® Yoshio Takahashi,?
Tetsuya Akashi,? Fumiaki Ichihashi, Toshiaki Tanigaki,? Hiroyuki Shinada?

Electron holography (EH), which is a method related to transmission electron microscopy
(TEM), determines the phase shift of probe electrons which have traversed thin films and/or
nanoparticles. EH has been applied to many research subjects in physics, chemistry, and
materials science: these previous researches examined the vector potential, magnetic flux
density in alloys and compounds, p-n junction in semiconductors, and electrostatic potential in
all-solid-state lithium ion batteries. A challenge of EH is to observe a weak electric polarization
which can be induced in catalyst nanoparticles, although further improvement in the
precision/sensitivity is needed. We have attained the precision improvement with the aid of
information science and technology.

Takahashi et al. Y achieved the automated collection of a vast number of electron holograms,
although the automation of EH remained to be a big challenge. This method provides 10,000
or greater numbers of electron holograms (i.e., more than those of the manual collection by 2
orders of magnitude) which allows for an essential precision improvement in the phase analysis
via image section and averaging. Ichihashi and Koyama employed the method of image
processing and/or deep learning, in order to make the automated collection more efficient. In
addition to those achievements, we will refer to the other approach to the precision
improvement based on a statistical method of noise reduction ?.

This study was supported by JST-CREST (JPMJCR 1664).

Keywords : Electron Microscopy; Nanoparticles; Catalyst; Electromagnetic Field; Automation
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1) Automated acquisition of vast numbers of electron holograms with atomic-scale phase information.
Y. Takahashi et al., Microscopy. 2020, 69, 132.

2) Accuracy improvement of phase estimation in electron holography using noise reduction methods,
Microscopy. 2020, 69, 121.
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Consortium activities for fractography by using deep learning (‘Kobe Material Testing
Laboratory Co., Ltd., National Institute of Occupational Safety and Health, Center for

Creation of Symbiosis Society with Risk, Yokohama National University) ONobuhito Tsurui?,
Kenta Yamagiwa®, Tadahiro Shibutani®, Shinsuke Sakai®

When a failure or accident occurs, an explanation of the damage cause based on scientific
evidence is required. In that case, qualitative evaluation of the fracture surface called
fractography is important. However, the number of engineers and researchers specializing in
fractography has recently decreased. In July 2019, Yokohama National University and Kobe
Material Testing Laboratory Co., Ltd. established a consortium to develop advanced Al for
fractography using deep learning. An Al has been created to identify fractographic features
such as dimple, facet, fatigue, striation or transgranular in a fracture surface image. In the
future, we are working on the construction of an Al that can estimate the origin of fracture
from fracture surface images.

Keywords . Fractography; Deep Learning; Al; Failure Analysis; Fracture surface
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Design, Prediction, and Exploration of Inorganic Materials Using High-Throughput First-
Principles Calculations (‘Institute of Innovative Research, Tokyo Institute of Technology)
OFumiyasu Oba'

The search for novel inorganic materials is increasingly important as their applications
become more prevalent in modern society. This situation stimulates not only experimental but
also computational exploration of as-yet-unreported materials, typically using first-principles
calculations. In such computational searches, reliable design principles, as well as accurate and
efficient computational schemes, are key requirements for successful identification of target
materials and functionalities. In this talk, I will discuss the design and exploration of inorganic
materials using high-throughput first-principles calculations. Topics to be covered include the
prediction of the novel nitride semiconductor CaZn,N, and p-type CusN via chemical doping,
both of which have been verified experimentally, as well as computational methods for the
prediction of fundamental and defect properties of inorganic materials.

Keywords: First-Principles Calculations; Materials Informatics, Semiconductors, Defects
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ARFGET BT H R TERTFORRMER, mffsaik, Lee A. Burton X, FRIAE ST,
BRI R, BRAPH SIS, MG EITIR, RIGDMAK, PR, S
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1) F. Oba and Y. Kumagai, Appl. Phys. Express 2018, 11,060101. [REVIEW]
2) Y. Kumagai and F. Oba, Phys. Rev. B 2014, 89, 195205.
3) A. Takahashi, Y. Kumagai, J. Miyamoto, Y. Mochizuki, and F. Oba, Phys. Rev. Mater. 2020, 4, 103801.
4) K. Matsuzaki, K. Harada, Y. Kumagai, S. Koshiya, K. Kimoto, S. Ueda, M. Sasase, A. Maeda,
T. Susaki, M. Kitano, F. Oba, and H. Hosono, Adv. Mater. 2018, 30, 1801968.

5) Y. Hinuma, T. Hatakeyama, Y. Kumagai, L. A. Burton, H. Sato, Y. Muraba, S. limura, H. Hiramatsu,
1. Tanaka, H. Hosono, and F. Oba, Nat. Commun. 2016, 7, 11962.
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Prediction of Stability and Catalytic Activity of Multinary Nanoalloy based on Real-system
First-principles Calculations (!Research Initiative for Supra-Materials, Shinshu University, *X-
Scientia, Co. Ltd., 3Graduate School of Advanced Science and Engineering, Hiroshima
University) OMichihisa Koyama,'*?

Predictions of materials long-term stability as well as the incorporation of the heterogeneous
structure of the active site that is intrinsic to the catalysts of the real-system remain open in the
present informatics. Typical approach using first-principles data is often based on the data
easily obtained from the small model simplifying the real-system structure. Thus, the author
proposes a different approach, an approach based on real-system structures, which is based on
the first-principles parallel-computing of real-system structure models.

Nanoparticles used for various catalytic processes show properties that are different from
those of bulk and recent first-principles studies have clarified key factors affecting such
changes, adopting real-system structure models that incorporate the heterogeneity of the system.
Further, adsorption properties of nitrogen monoxide on various metal nanoparticles were
clarified and general descriptors with physical meanings were developed.

It is important to understand the thermodynamic stability or activity under real-system
conditions when we intend to use materials in society. Details of the author's activities so far
as well as a personal view of physics-centered informatics will be discussed.

Keywords : Real-system, Informatics; Alloy; Nanoparticle, Density functional theory

BRIEDOWIE CTH 2 KT — H (IS~ T VT NRAL T 3 ~T 4 7 A Zfillit
SIS A OB, EMREMEZAET MBI Z TRIT S 2 & & EERDIE
MERREE DAL — M2V IAATETEETHZER T2 & THDH Y, HHIT, FfARLE
AL LAHENE L I/ NRBE T VORET — 2 Wby 77 —2MoT 7
n—F X0 b, KAGHREENS LI L 70 5 KEUWREIERET V& W5 ZIEREED T
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M 2 B D AAU T2 REUAR O FILE — JRBREHRICEE S A v 7+~ T 4 7 AITHL
VLA TE T,

BARIIIZIE, R & 7ol 7 o & RIS DT R fld, »Sv s & B 5 Rtk %
RTZERMONTND, FEHEDIZZINETIZ, BERMEEDE - FEFHREIZI O A
N LRI DEHEDORIFEAE SN L TE 20, S5, xR EEREEO4
BT RiA-T T L~D NO WEREZ B BT L, Z O SR 2/ — I itk T
LB EREA T 5 BRI E L TE 2,

HIEHR T E 2 BT D5 DR 6T MELE L THR TR TH2DIE. ¥
B OB FRI L E R TR T o 5 D BRI 2RI 2 B & % 7~ WFZe B g6 A
HTHHZLIIEIETTHRV, BEEOLNINETICHYMATEZEET /RFIC

© The Chemical Society of Japan - S04-4pm-07 -



S04-4pm-07 BA(L24 H101E5S54 (2021)

B4 2 BV MADFEM & 5 DRI OV THIITT %,

|v|2406
(4.4nm)

M1289
(3.5nm)

6nm

Local Density of States

Core Core (111) (100) Vertex
(13.6A) (15. 7A) (16 5R)

LOI

(8.4A) (11.5A)

d-all

]7&[5’73 /\JV]&DOS /IJL”Mj Fermlﬁ{g(bg{b

0o 1 2 012 o 1 2 012 012 012
DOS (states/eV atom) DOS (states/eV atom)

o =1 (EMM )~ XE(M)— (- E(M?)

G = H —TS AHmix 7
S = Svib + Scfg Setg = K InW

1) Unfolding adsorption on metal nanoparticles: Connecting stability with catalysis, J. Dean, M. G.
Taylor, G. Mpourmpakis, Sci. Adv. 2019, 5, eaax5101.

2) The Effect of SnO2(110) Supports on the Geometrical and Electronic Properties of Platinum
Nanoparticles, D. S. R. Rocabado, T. Ishimoto, M.Koyama. SN Appl. Sci. 2019, 1, 1485.

3) Structural Stability of Ruthenium Nanoparticles: A Density Functional Theory Study, Y. Nanba,
T. Ishimoto, M. Koyama, J. Phys. Chem. C 2017, 121, 27445-27445.

4) Parallel Performance Analysis for Electronic Structure Calculation of Metal Nanoparticles, T.
Ishimoto, Y. Inadomi, H. Honda, M. Koyama, J. Comput. Chem. Jpn. 2015, 14, 52—-53.

5) Electronic Structure and Phase Stability of PdPt Nanoparticles, T. Ishimoto, M. Koyama, J.
Phys. Chem. Lett. 2016, 7, 736—740.

6) First—Principles Study on Alloy Nanoparticles for Polymer Electrolyte Fuel Cell Catalyst, Y.
Nanba, D. S. Rivera, T. Ishimoto, M. Koyama, ECS Trans. 2016, 75(14), 717-721.

7) Electronic Structure and Phase Stability of PtsM (M = Co, Ni, and Cu) Bimetallic
Nanoparticles, D. S. R. Rocabado, Y. Nanba, M. Koyama, Comput. Mater. Sci. 2020, 184, 109874.
8) Element-Based Generalized Coordination Number for Predicting the Oxygen Binding Energy
on PtsM (M = Co, Ni, or Cu) Alloy Nanoparticles, Y. Nanba, M. Koyama, 4ACS Omega accepted.
9) Theoretical study of tetrahedral site occupation by hydrogen in Pd nanoparticles, T. Ishimoto,
M. Koyama, J. Chem. Phys. 2018, 148, 034705.

10) NO Adsorption on 4d and 5d Transition Metal (Rh, Pd, Ag, Ir, and Pt) Nanoparticles: Density
Functional Theory Study and Supervised Learning, Y. Nanba, M. Koyama, J. Phys. Chem. C
2019, 123, 28114-28122.
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Development of Perovskite Solar Cells for Practical Use (Panasonic Corporation) O Yukihiro
Kaneko, Hiroshi Higuchi, Takashi Nishihara, Teruaki Yamamoto, Taisuke Matsui, and
Takayuki Negami

Recently, perovskite solar cells, which have a halide perovskite material as an absorber layer,
have received much attention. The theoretical power conversion efficiency of the halide
perovskite material reaches more than 20 %. Also, it has a great potential for the innovative
reduction of process cost, because a perovskite layer can be deposited by sol-gel process. We
undertake the development for practical use with realizing of stability and large-scale
prototyping.

To realize the long-term stability under practical condition is one of the big challenge to
overcome. We first revealed the degradation mechanism, then tried to synthesize a thermal-
stable perovskite material. We achieved 21.8% power conversion efficiency with incorporating
cesium and rubidium ions into perovskite absorber layers. In terms of stability, which is
considered as a major issue for practical use, we achieved 96% retention after 1000 h
temperature accelerated test at 85°C."?

Furthermore, we also focused on fabricating 20 cm sq. and 30 cm sq. modules.” Ink jet
process leads good uniformity in the module, keeping high power conversion efficiency. 30 cm
sq. module (active area: 804 cm?) was certificated as the world highest efficiency of 17.9%.*>
These results show great feasibility for practical use of perovskite solar cells.

A part of this presentation is based on results obtained from a project commissioned by the
New Energy and Industrial Technology Development Organization (NEDO).

Keywords . Perovskite Solar Cells; Rubidium, Cesium, Stability, Module
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1) Cesium-containing triple cation perovskite solar cells: improved stability, reproducibility and high
efficiency, M.Saliba, T.Matsui. et al. Energy & Environmental Science 9 (6), p1989, (2016)

2) Incorporation of rubidium cations into perovskite solar cells improves photovoltaic performance,
M.Saliba, T.Matsui. et al. Science 354 (6309), p206, (2016)

3) 203mmx203mm largest sized highly efficient MAPDI; solar modules, H. Higuchi, T Negami, Jpn.
J. Appl. Phys. 57 08RE11 (2018)

4) Solar cell efficiency tables (Version 55), Martin A. Green, et. al., Prog. Photovol. Res. Appl. 2020;
28:3-5 (2020)

5) Champion Photovoltaic Module Efficiency Chart, NREL,

(https://www.nrel.gov/pv/module-efficiency.html)
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Space Application of Perovskite Solar Cells (‘\JAXA, *Toin Univ. of Yokohama, *The Univ. of
Waseda) O Yu Miyazawa,' Masashi Ikegami,” Tsutomu Miyasaka,” Shusaku Kanaya,'
Hiroyuki Toyota,' Kazuyuki Hirose'”

Perovskite solar cells (PSCs), which are light weight and low-cost, and they offer high power
conversion efficiencies, are promising not only in commercial applications but also in space
applications considering the changes coming in the space industry. We clarified that PSCs had
high tolerance against radiation, which was the biggest deterioration factor in the space
environment. In this presentation, we will describe the background of focusing on the space
application of PSCs and the research status of radiation resistance.

Keywords : Perovskite Solar Cells; Space Application; Radiation
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1) A.Kojima, K. Teshima, Y. Shirai, and T. Miyasaka, J. Am. Chem. Soc. 2009, 131, 6050.
2) T. Miyasaka, Bull. Chem. Soc. Jpn. 2018, 91, 1058.

3) filxIE, 4 IRFE, isotope News 2012, No.716, 12.

4) Y. Miyazawa, M. lkegami, T. Miyasaka, T. Ohshima, M. Imaizumi, and K. Hirose, 42th IEEE
Photovoltaic Specialists Conference 2015, New Orleans.

5) Y. Miyazawa, M. lkegami, H. -W. Chen, T. Ohshima, M. Inaizumi, K, Hirose, and T. Miyasaka,
iScience, 2018, 2, 148.

6) M. Yamaguchi, J. T. Stephen, S. Matsuda, and O. Kawasaki, Appl. Phys. Lett., 1996, 68, 3141.

7) ZTJ Space Solar Cell data, SolAero Technologies Co., URL: http://solaerotech.com/wp-
content/uploads/2015/03/ZTJ-Datasheet.pdf.
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Organometal Halide Perovskite Solar Cell Taking a Main Role of Next Generation
Photovoltaics (Department of General Systems Studies, Graduate School of Arts and Sciences,
The University 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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Development of materials and interfacial structures in perovskite solar cells
(Toin University of Yokohama) O Tsutomu Miyasaka

High power conversion efficiency of perovskite solar cell, presently recording 25.5%, has
been led by the high level of open-circuit voltage (Voc) which reflects excellent suppression of
defect-related charge recombination. For further enhancement of Voc, defect passivation is the
essential method and the main target of the method is to reduce the defects at the interfaces of
perovskite and charge transport materials. An example of such approach is realization of Voc
exceeding 1.4V for CsPbXs-based devices, which are capable of Voc over 1.1V even under
indoor LED illumination. This lecture will introduce research strategies for high efficiency and
high Voc perovskite devices based on interfacial engineering.

Keywords : Perovskite; Photovoltaics; Solar cell; Stability; Interfacial engineering
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Phase Stable and Less-Defect Perovskite Quantum Dots: Optical Property, Photoexcited
Carrier Dynamics and Application to Solar Cells (Faculty of Informatics and Engineering,
University of Electro-Communications) OQing Shen

Metal halide perovskite (ABX3, A = Cs, FA (formamidinium), MA (methylammonium); B =
Pb, Sn; X =Cl, Br, I) ) quantum dots (QDs) as a new type of colloidal nanocrystals have gained
significant attention for both fundamental research and commercial applications owing to their
appealing optoelectronic properties and excellent chemical processability. For their wide range
of potential applications, synthesizing colloidal QDs with high crystal quality is of crucial
importance. However, like most common QD systems, those reported perovskite QDs still
suffer from a certain density of trapping defects, giving rise to detrimental non-radiative
recombination centers and thus quenching luminescence. Very recently, we have proposed
improved synthetic methods which can lead to significantly improved crystal quality and
stability for the resulting perovskite Pb-based QD and Sn-Pb alloyed QD solutions. We have
demonstrated that a high photoluminescence quantum yield (PL QY) of up to 100% can be
obtained in the Pb-based perovskite QDs, signifying the achievement of almost complete
elimination of the trapping defects. Ultrafast kinetic analysis with time-resolved transient
absorption spectroscopy evidences the negligible electron or hole trapping pathways in our
QDs, which explains such a high quantum efficiency. Solar cells based on these high-quality
perovskite QDs exhibit power conversion efficiency of over 12%, showing great promise for
practical application. We expect the successful synthesis of the “ideal” perovskite QDs will
exert profound influence on their applications to both QD-based light-harvesting and -emitting
devices in the near future.

Keywords : Perovskite; Quantum Dot,; Solar Cell; Photoexcited Carrier Dynamics
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A LU IZE 100% D08 & IR (ER ) 267 5 a7 AL Pb a7 2714
MEF Ry bOVERLC AR LT 2, ZO—BilZK 11T~ £72, Sn & Pb DR ASnPbiX;
DEAR Y IOIERIZHIZU DRI L= ([K2) 7, 7317 D ASnyPbXs BT 255 1 Clg X
AU ARG L, BOWENHEAIZELTHEWVIREDRHY, Sn HRRXET AHARK
B R I T AE RS ThoTe, B ANEZEIZ ASnPbi Xz ZE-RyMbLz&EZ
A, Wz K TR EMNE LA LA EHILD TRHLE, ZRHDEF Ry L
T, X YU T XA F IV ARy by T ORI, SR~ EMBE) BLO
B Ry MKBGET A ASOIE A Z BN L72DT Y AR T 5.

CsSng gPby 4.
% 0.67 0.4'3 (C)
—a—C3Sn, Ph, 1, (resh}
—o=CsSn, Pb, 1, (day 150)

Absorption (a.u.)
7

Absorption (a.u.)

600 700 800 900 1000

’l'im:?d;l_\ )20 Wavelength (nm)
Wavelength (nm)
1 CsPbl; & K b 2 (a) CsSng.ePbo. 4T3 QDOTEMIE ; (b) 72 5 IREL

DFEIEBAIA (PL QY) x> CsSn,Pby-, Ty QDOWIL ALY L EFEH AT |
ﬁ(éfjé]\k %Eggéj‘%s1%)‘ % (:J%A) ; (C) CsSng. 6Pbo. 413 QD@fﬁ‘l\i@%gﬂﬁ (732
#® M g iR 150 B IR L T2 L)

o

BHRE B REE KRRl B T2 e R IR EE DR & A BIsstE 1 T E |
IR I B KB4 B 7. FOE H%, EIG R E R HPR. SR
Bt S, R AL . JST 3 ER A o LRI ZEE D 5 & 1T
BaHR L B E9, RBFZE TR LTZNEO —E8IE JST MRS EF et 3 [
T & TCREST) B X URFEMFEE I B) O ZXEICE VIThbN LD TH 5,

1) Nanocrystals of Cesium Lead Halide Perovskites (CsPbX3, X = Cl, Br, and I): Novel Optoelectronic Materials
Showing Bright Emission with Wide Color Gamut. L. Protesescu, S. Yakunin, M. I. Bodnarchuk, F. Krieg, R.
Caputo, C. H. Hendon, R. X. Yang, A. Walsh, M. V. Kovalenko, Nano Lett. 2015, 15, 3692.

2) Highly Luminescent Phase-Stable CsPbI3 Perovskite Quantum Dots Achieving Near 100% Absolute
Photoluminescence Quantum Yield. F. Liu, Y. Zhang, C. Ding, S. Kobayashi, T. lzuishi, N. Nakazawa, T. Toyoda,
T. Ohta, S. Hayase, T. Minemoto, K. Yoshino, S. Dai, and Q. Shen, ACS Nano 2017, 11, 10373.

3) Colloidal Synthesis of Air-Stable Alloyed CsSni—Pbxls Perovskite Nanocrystals for Use in Solar Cells. F. Liu,
Y. Zhang, C. Ding, T. S. Ripolles, T. Kamisaka, T. Toyoda, S. Hayase, T. Minemoto, K. Yoshino, S. Dai, M.
Yanagida, H. Noguchi, and Q. Shen, J. Am. Chem. Soc. 2017, 139, 16708.

4) Gelz» Additive for High Optoelectronic Quality CsPbls Quantum Dots and Their Application in Photovoltaic
Devices. F. Liu, C. Ding, Y. Zhang, T. Kamisaka, Q. Zhao, J. M. Luther, T. Toyoda, S. Hayase, T. Minemoto, K.
Yoshino, B. Zhang, J. Jiang, S. Tao, and Q. Shen, Chemistry of Materials 2019, 31, 3324.

5) Photoexcited hot and cold electron and hole dynamics at FAPbI; perovskite quantum dots/metal oxide
heterojunctions used for stable perovskite quantum dot solar cells. C. Ding, F. Liu, Y. Zhang, D. Hirotani, X. Rin,
S. Hayase, T. Minemoto, T. Masuda, R. Wang, Q. Shen, Nano Energy 2020, 67, 104267.
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Development of New Materials and Improvement of stability for Perovskite Solar Cells

(Liang Wang ', Shuzhang Yang', Chu Zhang*,OTingli MA'* (" Kyushu Institute of
Technology, > China Jiliang University)

In recent years, perovskite solar cells (PSCs) have experienced high-speed developments with
the highest power conversion efficiency (PCE) of 25.5%, However, the problems of stability,
toxicity, and scale-up for PSCs are still unresolved. Our group developed a series of novel Pb-
free perovskites materials with high stability, such as, Cs;NaBils, AgBils, Cs,Ptls etc. Especially,
we found the Cs,Ptls has a narrow bandgap double perovskite material and a very good stability.
It exhibits an optical bandgap of 1.37 eV, absorption within a wide range of wavelengths, and
a high absorption coefficient. it also demonstrates excellent stability when exposed to extreme
conditions such as high humidity, high temperature and UV-light irradiation. Stability tests
show that the PSCs can retain almost 80% of the original efficiency over 60 days stored in
ambient temperature without any encapsulation, boosting prospects for applications of lead-
free perovskite solar cells.

We also carried out the studies of the improvement of stability and efficiency for
perovskite solar cells. As one method, using carbon paste as the back electrode for perovskite
solar cells (C-PSCs) has also attracted significant attention due to their low cost and excellent
stability. In general, the device structure of the fabricated C-PSCs is hole transport layer (HTL)
free, and the carbon paste electrodes (CPEs) could directly collect the photo-generated holes.
Therefore, interfacial engineering between the perovskite and CPE plays a crucial role in
charge collection and affects the performance of C-PSCs, but the interface resistance is high
and reduce the PCEs of C-PSCs.

Our group developed several carbon materials and carried out the interfacial engineering
for C-PSCs. The stability and performance have been improved significantly. The techniques
for the fabrication of carbon electrodes will be introduced, including the main issues and
solutions. Finally, perspectives are provided for the future designs and development of C-PSCs
with high PCE and good stability.

Keywords : Perovskites, Improving stability, Carbon electrode, Hole transport layer free, Pb-

free perovskites
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1) Novel Lead-Free Material Cs2Ptls with Narrow Bandgap and Ultra-Stability for Its Photovoltaic
Application, S. Yang, L. Wang, C. Zhang, T. Ma. ACS Appl. Mater. Interfaces, 2020, 12, 40, 44700—
44709

2) Environmental risks and strategies for long-term stability of carbon-based perovskite solar cells. F.

Meng, L. Gao. T. Ma., Materials Today Energy, 19 (2021) 1005902-1005933.

© The Chemical Society of Japan - S03-4pm-03 -



S03-4pm-04 BAiL24a H101E5S44 (2021)

ARBEHRRODTIANA P ERRBRICL IBERELKRT
(HEEHERABET |+ JST SE20F ) OFid HdHi ' EH /) !

Highly sensitive photodetection by organic-inorganic perovskites hybridized with a metal
complex ('Graduate School of Engineering, Toin University of Yokohama, *JST PRESTO)
O Ayumi Ishii,'? Tsutomu Miyasaka'

Highly sensitive photodetection with large amplified photocurrent (gain) has been generally achieved
by photoelectron emission or avalanche effect in inorganic photodetectors such as Si and GaAs, which
needs a sufficiently strong external electric field (~100 V). Here, we demonstrate a high-gain and low-
voltage photodetector with an organic-inorganic hybrid structure composed of perovskite nanoparticles
as visible light absorber embedded at the interface between an organic compound coordinating Europium
(Eu-terpy complex) and TiO, mesoporous film. The devise achieves significantly high incident photon
to current efficiency of 290,000% (gain value of 2900) with the highest level of responsivity up to 1289
A/W even under low applied bias -0.5 V and low irradiation light (< 1 mW/cm?), which is more than
four orders of magnitude larger than those of inorganic photodetectors. Such high performance of the
detector is caused by photomultiplication phenomena at the specific interface composed of the perovskite
nanoparticles and Eu complex molecular layers.

Keywords : Photodetector, Lead halide perovskite, Europium complex, Photomultiplication,
Nanoparticle
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Thermal optical properties of carbon nanotubes and their application to solar energy conversion
(\Institute of Advanced Energy, Kyoto University) OYuhei Miyauchi'

Solar energy utilization technologies have been of central importance over recent years as
the key to conquer the urgent social requirement for reducing CO; emission on a global scale.
In addition to solar photovoltaics, which is a typical technology for solar energy harvesting,
utilization/management technologies of solar thermal energy have also been of great interest
because of their high energy conversion efficiency and relatively low cost. One of the key
components in solar thermal technologies is a device with wavelength-selective absorptivity
that enables highly efficient solar energy collection, called wavelength-selective absorber.
When the selective absorber is used in conjunction with an ideal wavelength-selective thermal
emitter that can generate thermal radiation limited to a desired near-infrared wavelength region,
sunlight with a broadband spectrum can be spectrally shaped into narrow-band near-infrared
light that is quite useful for various energy applications.

We will discuss our recent progress on the studies of fundamental thermal optical properties
of individual single-walled carbon nanotubes (SWCNTs) " and macroscopic membranes of
single chirality-enriched® semiconducting SWCNTs toward highly efficient solar energy
collection and spectral conversion. SWCNTs are ultra-thin cylindrical nanomaterials consisting
of monolayer sp” carbon network, and their physical properties, including their band gaps, are
determined by their diameters and chiral structures. Optical spectra of SWCNTs with
semiconducting band gaps are dominated by thermally stable excitons whose resonant
wavelengths in the near-infrared region are determined by the structure of SWCNTs. This
unique exciton property enables an excellent steepness and tunability of the wavelength cut off
when SWCNTs are used as the absorber. Moreover, recently, we found that excitons in
SWCNTs are stable even at elevated temperatures more than 1500-2000 K owing to the high
thermal stability of SWCNTs themselves and large binding energy of quasi one-dimensional
excitons, and thermal radiation with narrow spectral bandwidth arising from thermal generation
and radiative recombination of excitons is available"; this is an ideal property' as a material
for selective emitters. The detailed optical and thermal optical properties of individual
SWCNTs" and their assembly® will be presented, and their potential applications in solar
energy conversion will be discussed.

Keywords : Carbon Nanotube,; Optical Properties; Thermal Properties; Solar Energy, Exciton
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Development of Organic Solar Cell Materials Based on Precise Molecular Design
('The Institute of Scientific and Industrial Research, Osaka University) O Yutaka Ie,!

B

Organic solar cells (OSCs) have received much attention in recent years in the field of organic
electronics. In OSCs using non-fullerene acceptors, the fine-tuning of interfaces between donor
and acceptor in the bulk-heterojunction structure has become an important factor to improve
the performance. In this regard, we investigated the impact of structural modification on
molecular orientation at donor—acceptor interfaces. In this presentation, we also focus on the
process solvent of the active layers, since OSCs fabricated using a non-halogenated solvent are
still limited due to the unclear strategies for controlling the properties of the blend-film. To
investigate the influence of acceptor structures on the non-halogenated green solvent process,
new electron-accepting -conjugated compounds with low dipole moments were developed for
use in conjunction with nonpolar o-xylene as the non-halogenated solvent.

Keywords : Organic Solar Cells; Organic Semiconductors, Organic Electronics,; Acceptor;
Conjugated Molecules
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Exploring the microbiome frontier with single-cell analysis

(‘Department of Life Science and Medical Bioscience, Waseda University, *Computational Bio
Big-Data Open Innovation Laboratory, AIST-Waseda University, *Research Organization for
Nano & Life Innovation, Waseda University, *Institute for Advanced Research pf Biosystem

Dynamics, Waseda University)
OHaruko Takeyama '+

It has been widely recognized that human microbiomes play important roles in the host.
Especially in the gut microbiome, they are closely related to the health and disease of the host.
To understand their functions precisely, we have developed a microfluidic droplet-based single-
cell genome analysis method and conducted massively parallel single-cell genome sequencing
of human gut microbiomes". This method enables us to obtain the genome information of
unknown bacteria and to identify genome structural variations including SNPs and functional
gene mutations at single-cell resolution.

On the other hand, the diversity of environmental microbiomes is still overwhelming the
throughput of single-cell genome sequencing. Therefore, the method for primary screening that
detect candidates for beneficial microbiomes is required. In our laboratory, we have adopted
the Raman spectroscopy to perform the primary screening of target microbiomes from the
populations at the single-cell level. The Raman spectroscopy enables label-free detection of
substances at molecular level in microbiomes and gives in-real-time images of cellular
molecular distributions. Furthermore, a decomposition spectrum derived from the
biomolecules is acquired by using a multivariate curve resolution method (MCR-ALS), and
this method enables us to evaluate the productivity of microbial metabolites and to observe
various target molecules in microbiomes®.

Combining these technologies, we have developed a platform for screening beneficial
microbiomes and acquiring genome information at the single-cell level. We have applied this
platform to marine sponge Theonella sp. and acquired the single-cell draft genome of symbiotic
microbiome producing functional secondary metabolites.

Here, the novelties and the latest applications of our developed single-cell genome analysis
will be introduced. Furthermore, the potential of single-cell analysis toward the personalized
medicines with the data of human microbiomes will be explained.

Keywords : Single-cell; Microbiome; Genomics, Droplet microfluidics, Raman Spectroscopy
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1) Single-cell genomics of uncultured bacteria reveals dietary fiber responders in the mouse gut
microbiota. R. Chijiiwa, M. Hosokawa, M. Kogawa, Y. Nishikawa, K. Ide, C. Sakanashi, K. Takahashi,
H. Takeyama, Microbiome 2020, 8, 5.

2) Detection of Penicillin G Produced by Penicillium chrysogenum with Raman Microspectroscopy and
Multivariate Curve Resolution-Alternating Least-Squares Methods. S. Horii, M. Ando, A. Z. Samuel, A.
Take, T. Nakashima, A. Matsumoto, Y. Takahashi, and H. Takeyama, J. Nat. Prod. 2020, 83 (11), 3223-
3229.
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Gut environment-based stratified healthcare creates a new field of preventive medicine

(‘Inst. Adv. Biosci., Keio Univ., *KISTEC-KAST, *Univ. Tsukuba School of Medicine,
*Metabologenomics, Inc.)

OShinji Fukuda'™*

The gut microbiota form a highly complex ecological community together with host
intestinal cells. The so-called gut ecosystem has a profound influence on human physiology,
immunology, and nutrition. It has been reported that imbalance in the structure of gut ecosystem
could be a risk factor in human disorders including not merely gut-associated disorders, but
also systemic diseases. However, the molecular mechanisms of the host-microbial crosstalk
remain obscure. To tackle this issue, we firstly developed a highly integrated metabolomics-
based approach, metabologenomics, and found that gut microbiota-derived metabolites have
beneficial effects on human physiology”™®. For industrialization of these findings, we
established Metabologenomics, Inc. in 2015 which try to create a new field of preventive
medicine through gut environment-based stratified healthcare.

Keywords : Gut microbiota; Metabolite; Preventive medicine; Stratified healthcare;
Industrialization
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Development of liquid biopsy for detection of presymptomatic diseases

(‘Division of Molecular and Cellular Medicine, Tokyo Medical University, Tokyo, Japan)
OTakahiro Ochiya'

Keywords: microRNA; exosome; cancer; cardiovascular disease; metastasis

Early detection is crucial for its ultimate control and the prevention of malignant progression of
cancer. Here in Japan, a nationwide 5-year project was conducted between 2014 and 2019 to
develop a novel tool for early detection of cancer using serum circulating microRNAs
(miRNAs). miRNAs are small non-coding RNA made up of 18-24 base pairs with single chain
molecules and modulate gene expression by decreasing target mRNA stability or repressing
translational efficiency. They can stably exist in severe conditions, including urine, because
some of the miRNA are at least partly packaged into extracellular vesicles (EVs) or included by
an RNA-induced simple complex (RISC) with the Agonature2protein to protect against the
elimination of RNase. Therefore, circulating miRNA, so-called extracellular miRNA, has
garnered a great deal of attention as a novel target of liquid biopsy. Based on the samples of
the National Cancer Center Biobank, we collected more than 50,000 serum samples from
patients with malignant diseases as 13 types of cancer, including rare cancers such as ovarian
cancer, gliomas, and sarcomas. Subsequently, comprehensive miRNA microarray analyses were
performed for all samples. This serum miRNA database provides insights regarding miRNA
biomarker candidates for each cancer type. Although circulating miRNAs packaged in EVs are
thought to be a cell-to-cell communication tool, the functional characteristics of the miRNAs
listed in the project are still unknown. We explores the potential contribution of liquid biopsy
using EVs and extracellular miRNA to diagnosis and monitor cancer, including an assessment

of prognosis and early detection of disease recurrence in patients with cancer.

1) N. Kosakaet al., 2010, Cancer Sci. 101, 2087. 2) Y Yoshioka, et al., 2014, Nat Commun,
5:3591. 3) M Ono, et al., 2014, Sci Signal, 7:ra63. 4) N Tominaga, et al., 2015, Nat Commun,
6:6716. 5) A Yokoi, et al., 2017, Nature Commun, 8, 14470. 6) H Ageta, et al., 2018, Nat
Commun. 9, 3936. 7) A Yokoi, et al., 2018, Nat Commun. 29, 4319. 8) N Asano, et al., 2019,
Nat Commun. 10, 1299. 9) F Urabe, et al., 2019, Clin Cancer Res. 25, 3016. 10) M Konno, et al.,
2019, Nat Commun. 10, 3888. 11) K Asakura et al., 2020, Commun Biol, 3, 134. 12) F Urabe,
2020, Sci Adv, 6, eaay3051.
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A key genetic factor for fucosyllactose utilization affects infant gut microbiota

development
Takahiro Matsuki (Yakult Central Institute)

Recent studies have demonstrated that gut microbiota development influences infants’ health
and subsequent host physiology. However, the factors shaping the development of the
microbiota remain poorly understood, and the mechanisms through which these factors affect
gut metabolite profiles have not been extensively investigated. Here we analyse gut microbiota
development of 27 infants during the first month of life. We find three distinct clusters that
transition towards Bifidobacteriaceae-dominant microbiota. We observe considerable
differences in human milk oligosaccharide utilization among infant bifidobacteria.
Colonization of fucosyllactose (FL)-utilizing bifidobacteria is associated with altered
metabolite profiles and microbiota compositions, which have been previously shown to affect
infant health. Genome analysis of infants’ bifidobacteria reveals an ABC transporter as a key
genetic factor for FL utilization. Thus, the ability of bifidobacteria to utilize FL and the presence
of FL in breast milk may affect the development of the gut microbiota in infants, and might
ultimately have therapeutic implications.

Key words: Microbiota, Infant, Bifidobacterium, Milk oligosaccharides.
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RAENZEDOFEEE | BN ORBFEED L DBIHEMEIT 1ZEALE DD > TR, RBFFETIE,
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(B RIFL3E « WHIERT) OfRA ik !
Development of the functional food thorough analysis of bacterial metabolites using a mass
spectrometer

(Research Laboratories, Kyodo Milk Industry Co. Ltd.) OMitsuharu Matsumoto

Mass spectrometry-based metabolomics targeting fecal sample identified a large number of
low molecular weight chemicals, which are associated with health and disease, produced by
the intestinal microbiome !. Polyamines, especially spermidine, which are the bioactive
chemicals promote autophagy and suppress inflammation. An extension of lifespan via the oral
administration of polyamines, especially spermidine, in model organisms, such as worms, fruit
flies, and mice has been reported 2. We also found that the upregulation of colonic luminal
polyamines produced by the intestinal microbiota delays senescence in mice *. Recently, it was
reported that cardiovascular diseases, including atherosclerosis, can be prevented by
spermidine supplementation in rodent experiments *. Considering the intestinal microbiome as
a manufacturing plant for bioactive substances, by metabolomics using capillary
electrophoresis time-of-flight mass spectrometry, we developed a novel polyamine
biosynthesis system strategy, in which the simultaneous intake of Bifidobacterium animalis
subsp. lactis LKM512 (Bifal) and arginine (Arg) upregulates the production of the putrescine,
a precursor of spermidine, in the gut by controlling the bacterial metabolism beyond its vast
diversity and inter-individual differences *°. In a clinical trial, healthy individuals with a body
mass index near the maximum “healthy” range (25 kg/m?; n = 44) were randomized to consume
either normal yogurt containing Bifal and Arg (Bifal+Arg YG) or placebo (normal yogurt) for
12 weeks 6. The change in reactive hyperemia index determined by EndoPAT from week 0 to
12 in the Bifal+Arg YG group was significantly higher than that in the placebo group, indicating
that Bifal+Arg YG intake improved vascular endothelial function. In addition, the
concentrations of fecal putrescine and serum spermidine in the Bifal+ Arg YG group were
significantly higher than those in the placebo group. These findings suggest that consuming
Bifal+Arg YG prevents or reduces atherosclerosis risk by upregulating blood spermidine levels,
which subsequently induces the suppression of inflammatory reaction and the promotion of
autophagy.

Keywords : Polyamines, Intestinal microbiome,; Metabolomics, Atherosclerosis; Arginine

HEOoHEEZHWZEMEA X Aa I 7 22X 0 @ ENICEE G 2 BN
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RNUT I OPHGIZ K DE T VAEY TREIK L ~L TOFMIEMNFITMZ 23, T4,
BREE( L2 & DD BR B O TR ~D A MED ~ 7 A ZERTHAE STV D 4 Fxld,
CE-TOFMS A ZARw I 7 2% VT, EEEDNKES WAGNME & ICZERICRY 7
I (T Ry vy AL VU ORIRE) 2ELEDHHETE LT, BT 4 X
AT Bifidobacterium animalis subsp. lactis LKM512 (Bifal) & 7 V% = (Arg) OfFHE
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1) Matsumoto M. et al. Scientific Reports 2012, 2: 233.

2) Eisenberg T. et al. Nature Cell Biology 2009, 11, 1305-1314
3) Kibe et al. Scientific Reports 2014, 4: 4548.

4) Eisenberg T. et al. Nature Medicine 2016, 22, 1428-1438.
5) Kitada et al. Science Advances 2018, 4: eaat0062.

6) Matsumoto M. et al. Nutrients 2018, 11, 1188.
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(R REEA 7~ - BALSIESERT) TR E
Current situation and future prospects of smart cell industry

(Graduate School of Science, Technology and Innovation, Kobe University, CSRS, RIKEN)

The big changes happening in biotechnology are accelerating the expansion of the
bioeconomy. Advanced biotechnology is creating by ultra-high-speed genome decoding,
accumulation of enormous amount of genome data, rapid progress of high-precision multi-
omics data acquisition technology, rise of large-scale genome synthesis technology and genome
editing technology are changing biotechnology. Such advanced biotechnology is fused with IT
/ Al technology and robot technology to create “Engineering Biology”.

In engineering biology, smart cells "biological cells with highly designed functions and
controlled expression of functions" are rapidly constructed by rotating the DBTL cycle
consisting of Design (D) = Built (B) = Test (T) = Learn (L) steps. This is a platform that
evolves by accumulating the huge amount of data obtained in this cycle. It is expected that the
next-generation industry "Smart Cell Industry" will be built using smart cells. In this talk, I will
describe the current situation and future perspects of engineering biology and the smart cell
industry. Keywords :Smart Cells; Biofoundry; Engineering biology; DBTL, Synthetic biology
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Protein function enhancement based on molecular dynamics simulation and machine learning
(AIRC, AIST) Tomoshi Kameda

In this talk, I will first describe an example of modifying an enzyme function using molecular
dynamics (MD) simulation. Based on this method, we created mutants of the enzyme that
produced many by-products and succeeded in increasing the target product ratio up to 8 times.
Next, we talk about an example of using MD to improve protein thermostability. We simulated
proteins at high temperatures and found that the time taken for denaturation correlated well
with the denaturation temperature determined experimentally (r>0.7). Using simulation data,
we narrowed down those that seemed to have improved thermostability and found that the
denaturation temperature was enhanced by up to 10.2°C confirmed experimentally. Finally, we
talk about a method that combines artificial intelligence (machine learning) and molecular
evolution to improve proteins' functionality. Recently, we applied this method to the
modification of GFP (from green to yellow coloration). Based on the experimental results of
150 randomly generated mutants (about 0.09% of the library size), we selected 78 candidates
by machine learning and conducted another experiment and succeeded in obtaining mutants
with good wavelength change and color intensity'. In this talk, we will outline the artificial
intelligence method we used, and then introduce our research.

Keywords : Molecular dynamics simulation, machine learning, protein, enzyme, activity
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1) Machine-Learning-Guided Mutagenesis for Directed Evolution of Fluorescent Proteins. Saito Y. etal.
s, ACS Synth. Biol. 2018, 7,2014-2022.
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High Performance Microbial Cell Factories Development by Model Based Metabolic Design
and Adaptive Laboratory Evolution

(Graduate School of Information Science and Technology, Osaka University) O Hiroshi
Shimizu

To establish sustainable society, microbial production of chemicals and fuels from bio-resources has
attracted great attention. It is not easy to systematically improve metabolic pathways of microorganisms
to optimize productivity of the target product because microorganisms involve many metabolic reactions
with complicated interactions in the cells. We developed the integration method of in silico metabolic
pathway design of growth coupled production of target chemicals and adaptive laboratory evolution to
obtain the evolved strains with superior phenotype.

Keywords : Genome Scale Model; Bioproduction; *C-Metabolic Flux; Adaptive Laboratory
Evolution

WA Z R LT AR E AR S B Tk, B R & 722 DM ORET A1 v
MWEETH D, BIWEARE DT OAA AR ORI 2 TR N A O St
BATOMEND D, FT-HEFRN AL A 77 2 —THREA KR TE TV 5D
ERER L, BB AT 2L bEETHD, Fx DML L—7 T, A
B TR DWTRIE T A 7 5 HE BER O FZBRFHN 217 5 FIEIZ DOV THE
ZERIRE A D TV D, AFEHE T, 7/ LA — L RE@TT L& VA Aisdmal
T A B LOLERNAR °C 2 & ATERBIRE AW TAH 7 7 v 7 AT L 5
AR DWW TR 5, F7o, BT VBRI L RmEEL DA IOV T
e Do

70 BUA RSO FEmiEREEATEET VAR L, BIETFOEA,
HIBRSCERBE 2 2L ST R ORFM O FMIRELZRET D LA HMICT 7 v 7 AN
T U ARNTE R WD, ZOFETIE, FRICOFRERGERE LEL LW &5
R 2ERONRBHREZRET D2 N TELORMATHD, —F, WEEBREOM
AAERSRAERINC LD 7 10— Ry 7 il 72 E oG # a2 7 VN TEIRD b7
WEDEIRR Y R 2 Lb—a &2 TH Z LT TERY, £ ALFERICI AN
FAUTISHEE TN HTH LW E WS Z L AFHRICLTHB Y AT SO
[FE 72 EIFEETIE R,

W, FEREEK ORI "CER SN LA E RFETR E L CTHZEDIZEDY A
FH, CC RS ENL DWW ISR T A EEREOITICL > TER L, FEE
ORI 7 Z7 v 7 AEWET D PCRHT 7 v 7 AFITIZONTRRD, A F VT
Z — TR SNV RO RANIRAE 2 FZBRANICIRET D Z &N TE 5, ZDOHEEH
WBHZ LIS TT A v ENTHIENLEAEL Y ORFIRE L oo TWDNEFE

© The Chemical Society of Japan - S05-4pm-01 -



S05-4pm-071 BA(L24 H101E5S54 (2021)

s %,

HETIEBR RS SR RIS AR5 2 & T WK B IR E 2 R S
DIZHONTHR# 2L E LVREE~ L2 L S D fRAMEE ORI T IZ oW TR T 5.
B TIIER TH - 72 &9 RIS OB EER ST ) DA —vET
VTHE LT X O RS OB IREE~ L BB T 5 Z L2 ]I LTV 5,

1) 7 L Ar— RGN 2R LERBT YA v

INETIC, RKIBE DT 7 LT A RipfbFmiamiz ~— 202 LIRS ET LV &
FIH L., AHAWEEERENZMHS L, 2 REET 27200 FT VA U iEERE LT
X7, T ALTEWE A EERR A REET A v LR R Bl £ OFIEICOW
Tk~ %,

2) "CAH T T v 7 AEMT Z O T AR AR EE A

BFONTZERIZOWTEC 7 7 v 7 ZAENTIC L » CTHERERHM 21T > Z & W TX
5o T 2T, RIGHE \CWEAPEZAT DR D0 FBERZ1T - I EROMEREREm I SV
Tk 5, EEEPOMIIZYC Zva—2A 2V iAEd, REWEFICRYIAENT
BCoBENEETAIa~ NI T TERESNEHCE > TERT 5, "CE#REEDT —X
RO EILSOATINHM Y 7 v 7 A2 RET D ENAETH D, o=~ 7
v 7 ADD BWEAPEIC NI L SNDRBEROLER EE T T v 7 A REHH 2
ENTELOT, RFAPO BHIWE ., W, BIAE~ONiiL, M %2 L3 % NADPH
SONATP OFAREN M EEFMET 22 LN TE S, ZOHFECIVESNIZHERI B
AR O BERIE AN RZT 52 ENARETH D,

3) FEBrR=iEIC K D8 L A PERE I oh) | & BEREBH &

{EFEGRET N CIISEERERZFH LiaWad, 7 DU A RT3 Al se
b0, REREICE ENHHEHEAZ RHTZ LY, 2 2Tl B,
RIMVE L PE DR T A v & EBREHAL 2 A B DY TIAEY N B & AE S A 7R
T D HENCHET D Z & THIE & AEPERE S A 1A | S D B W TR B, B
BRI D AFERERIT 2 9 K9 R T VA VBT o 126 B S N RRY <
\CERRRM e A PEME A S D N WA T H AR EIC L > THEO SV 2155
i, HEh U CEEMENRHR ELTWD EHIFF SN D, B O ELRD ) AiENT
ZI1T> CEDRKIGMNEEH R TH - T EBRIICEE Licfle E 2 L ize T v 3
R A o LERAMEEILOFEA IOV Tigam L7200,

1) K. Tokuyama et al. Biotechnology and Bioengineering, 2018, 115, 1542.
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Long-chain DNA synthesis technology for the realization of Smart Cell Industry (Synplogen,
Co. LTD.) OKenji Tsuge

For the transition to a decarbonized society by 2050, it is an urgent need to switch from
traditional petrochemical processes to bioprocesses. To create Smart Cell that produces at a
cost comparable to that of conventional processes by introducing genes into host
microorganisms such as Escherichia coli, high-speed breeding by DBTL cycle using long-
chain DNA in which a large number of genes are connected is indispensable. In the presentation,
a short-term, low-cost synthesis method for long-chain DNA and a breeding method using long-
chain DNA to achieve this will be presented.

Keywords : Smart Cell Industry, Long-chain DNA, DBTL cycle, Combinatorial Library, DNA
synthesis
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Fra—FEIZlRET 5 2 L2k, 50 kb FREE DK DNA ZEHIMICHEE S Z &0
ARECTH D, Fio. BITFEREOMEIL 725 DNA BTA IOV T, £48{ DNA A5k
R LT LA REEE & B IZBA% L2272 L5265 DNA 7 & > 7 U £l
W20, #YIR LAY, & GC & &, K GC &EOEINIITE S DA RRES
WEECA & FARICIES COAMREZFER LI, 2o OEMNEHO—J7, 10 kb Z#8
25 LI REHDNA IO TR, BURICBWTHFEERN D Z2WVRTH D, —DIC
X, BE< BT 51381l EHT 52 L6 H 508, L0 EEEMIZIZ, BV DNA
FEBIE TR ORET OSSN EA U, WIFRE D IO T <D RIED RN T2,
FEHLIZK W, LW ZEeRFETF oD, ST, —EREEE L 7= K8 DNA EiK
FfEEZMEHC NGO ar EF NI TATA T T ) 2R ESHEESTDHZ LN
AEZR. Combi-OGAB £ & W) iz H L C\Wb, ZoHEICIuE, A7) —=7
IR DIBIRSNTEEEHOESH DNA Z5CiCHT2/2 74 77 U — %535 Z L3 A]
BERT-D, YA 7 LT LI 1 O ES DNA 2B+ 2 L0 bElic, 7oz x b
\ZDBTL ¥ A Z W Z RS D Z ENAEEIZRD E WIS AU v F3dH D, FFERTIL,
INHOHEERME. A EF NI TIATA T T U =L DBREOFEFNHOW TR
T 5,

1) Tsuge, K., et al., Nucleic Acid Res., 31, €133 (2003)
2) Tsuge, K., et al., Sci. Rep., 5, 10655 (2015)
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(1. BWpEFERASt, 20 K RFEFZER, 3. B L Ergenn) Offgs & 1.
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A EZ?, EHH EE!

Developement of Streptomyces Cell-Factory, "N-STePP"

(1. NAGASE &CO. LTD., 2. Kyoto University, 3. Institute of Physical and Chemical

Research) Yuji Noguchi!, Nobuyoshi Ishii!, Keiko Kaetsu', Nanami Nakashima!, Yuki Kuriya?,

Tomokazu Shirai®, Michihiro Araki?>, OTakeshi Nakatani'

Keywords : Streptomyces, Smart-cell technology, ergothioneine

FWpEEHERASHTIZ A ML T A B RBERE Z TS FEFET T v b
7 4 —2 IN-STePP®| OB ZEH T\ 5, FIMEIX, FUEMEDA NV h~A
VL PLEAEREO T N— 2 7 FURITRIRINDAEIEEDE OEERETH Y | BIE
LR RE LAY OB ) Y —A L LTEEMENED SN TS, L, —
BB IR 728 —RAETEY) 2 ORI &2 W CTAERE R 1T 9 A . B LAY D& in 1
I T AR —DRBLEIEET 572 EORFEENQR TS, B mg/L~% gL LIRWAFEL
XN ETH T EHBEN, X =Ty MEEMOWE b, ERLELRLIGEITZDLD
IARWAEERTH FENOL LSS 2, (LM RMTSZR L, X it oiiE
FIHA ENDICEW I 1L OAFEMEDIR S N & 2 b, < OFE. T kR
BHRIRICHER L CHE A D 52, BN HIRAFERORK & LT, BRIO kA
FEMI DM B 7257 2 /e, 7 3L CoA, ATP. NADPH 73 & O —RACHRRRES oo
B, iR, 2 X —OEERENR KX VWERTHL I ER > TE TS, L
ML, ARV b ERABMEO—RMAHIZET A0, 2o EREIEET S
By DFANFAEN . KIGESCEERHNZLERTARE L TEBY . 2N HRRE B ME G 0%
HEOREBETH D,

W TR Z O EE R T 2 72012, BIAEM ORI OB, BE - = rX—-
MR OHRGTRIL, REHHIER OERR, 7 AOME/IME7e EORETEERD Z LT,
APERA MBI 2 —RHEREORKE{LEZED TEz, ZNODOIY ALY,
CUARHEM TS, 10g/L D, Z—7 Y MEEIZ X - TIE 100 g/L #i8 % 5 4k
BEAERTEDHHRA MOBRRBIZHKRIIL T\ 5,

PR TIXH 7= fA & LT, Ytk R | Streptomyces lividans TK64 D77 ) &
WERIRPET AV EBEL, 20T AVEHNTEY 7y MULAMDEEY I 2 L
—3a v E{TH T LT, in silico THEEMDIA FICE 5T AL 2 FRIT D 2 L
EFHELCTEZ, ABETIE, B THFEEN L TWAHERART I /i (o3 F4x
A v OAEFEFEBIR ZFHN LGOI A E BN T D,
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BT B F

(PR - Jetim S A A) OFH #l
Development of yeast-based microbial cell factories and basic technologies for creation of
Smart Cells (Engineering Biology Research Center, Kobe University) Jun Ishii

Yeast has greatly contributed as a model of eukaryotes to advance a wide variety of studies
in academia such as biochemistry, genetics and molecular biology. The yeast is also widely
used in systems biology as well as in industrial alcoholic fermentations. Because of these
situations, various genetic tools including DNA assembly, genome editing, and gene
disruption/overexpression strain collections have been developed to support the understanding
of this microorganism. While microbes such as yeast and lactic acid bacterium can produce
ethanol and lactate dominantly in nature, researches on metabolic engineering of
microorganisms are growing to produce varied useful substances such as biologics, fragrance,
and feedstock for fuels and chemicals. Because of many advantages including high resistances
for pH, stresses and self-lysis, repeatedly or continuously controllable fermentations, and
potential for transfer of plants and know-how cultivated in ethanol fermentations, the use of
yeast as the production host has attracted great interest in industrial applications.

In recent years, synthetic biology has begun to become widespread, and especially in the
field of metabolic engineering, it is used to construct the highly-designed production cells by
optimizing metabolic pathways and expression controls with the aim of further increasing
productivity of target compounds in metabolically modified microbes. In this presentation, I
will introduce our researches using yeast as the main host organism regarding the construction
of cell factories based on metabolic engineering for the production of useful compounds, and
the development of basic technologies incorporating synthetic biology toward the creation of
Smart Cells.

Keywords : Yeast,; Synthetic Biology, Metabolic Engineering; Bioproduction; Smart Cells

BERHE, EAEMOET VE LTHENT, BIBF, G FEWT R ELKICDIZ 5%
BIDEORBICRKESERLTE 72, £72, H<E30A, - XA v — L RIZE DTV
T LRBEEE L TORENOIEED, E— 0T A L7 POREERNA, ok ) —
WA PEEESICB W TH AL MFEMTHOILTWD, 512, BERET Yeast Two-
Hybrid (Y2H) £1C & 2 B\ B EMHE B ERBITCER TR R ED T ) LT A R
IRRATT — XN %, B TSR - BRI T A 7T Ve oar s va 2
W NEFR) IR R BRI T — 2 LB E T, BE 1 - EAEL L TOL A F I 7 A0
HIEER > T — 27 O A D ST AT MAEWEE LK AIITHhR TS, 29 LT
FNAEYE L TCOMEEZ S R E LT, BERIIEGERZ BET D004 72y —)L
DA ENTETEBY, HETIEIDNA TRV TAR0F ) MEER EOER b REL
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TETWD, ZDOZEnD, BRI, FEAMOET LV THL KIGHEE &b, B
IPBELFHELZ D ARERIRAEME EDO—D2 L LTALFEHENTEY, & biTE
EYOFTIFEBTN R K BEWVITENT-EFETH D,

TFEORH LFORBIZLY, BARROMEM N EETE Dy ) — OB LS
b, NA AEIRS, TR, BRERLFRROEE L Sk c I AW 2 A T RE
WZAEESE L) T 2RBUEOMHEDTERILL T D, Z 9 LT LFOMEIE
KIGHE 72 EOFRAMEIE T & LIZFENEA TH D0, BRI 72 KB A -
— )V TCOREEAFE TIIkE & 7Z2BERENTEAE L, 7202 E TE S 2V OBk
ThHbd, D=8, pHIMHMER TRV (¥ I 3x—T 3 V), A B L AMPEIZHE
VN (N A ZANIK G R A D FEEBR TR Y),, AR LIC < < MR U RS
WRSy, "AFTH ) —NVEEIZBTD7 70 v/ TR ATRE, 72 EOFA
ZHOBROFIAN, EXEICHO ETCRESHFRFINTND, 29 Ll RND, Fx
IERIGEICINZ C, BERE D W E RS oMM & LT, TPieslan oiaraEo
TV =T ) U IREE B SREZBT R — VDR T o TE TS,

— 5T, S RO 2 PED BN U CTEAFEEAT 5 56, PO EEMEIX
RO THHRWEABIEEAETH D, £ 2 THIRO L 5 I L2025 L T4
FEVER LI 2 2 EMRIRATOI TV DD, Z ORI BUHIE 2 X v Feli{k L <
BEILT A SNTAFEMREEEL LD ET58REMFEOHTRNIENY & R
Hoobh D, GRAEMNT TIE, Bl AITEHRERFAICRERREREEZ S I 2L —3 3
YT LDFENEHTELN, B2 610 DHRE-CHMIRDOT A & 2 D/AED
BEER L CGHMET 22 T, ZOTHA U BEITH T2 E I DT LT —#
AT L, 20T —F ZWICFET D2 L TROFTRT A 2RET 2
DBTL (Design/Build/Test/Learn) & FEZILD YA 7 vz EIFZ &6 K <fTbh b,

oz, ZODBTL %A 7 W E_X—R L LAY (FITERCRGE) Ol
L0, GRMEZEETLOOMI TS (BL T 727 U —) OB EZED TN D,
Z® DBTL VA 7 VEHRLL AT ETIE, 2HOT—X 2 GlICiGT2 2 &R
B L 7257280, RO EEEHIKEZ A ZA)V—T" MTIEH L CTolr - fH 9
LGB oA A oV OB LED TS, £72, K0 EERE G R
AR 2 ATRE & T2 72012, GREMFED Y — VOB S— L TRR% &
HDHTND, BT, HFRIENT T — LD A 3 —ELHEE L T, 2D wet D IEFHT
Eodry OFERIFTEEMETHZ LT, LI nz ATHlE (A~—Kh&L)
OREEE B LTEFRICH I A TWD, AEE T, BRZEREELE LT R
WMLFE_N—R e LEARWEEEDT- DD LT 77 N —REE L Sl F %
B0 A7z A~ — he A BT 72 BT O BIRICOW TR T 5,
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Smart cell development based on metabolism analysis and automation technology
('Engineering Biology Research Center, Kobe University) OTomohisa Hasunuma'

Behind the international trend of bioeconomy is the innovation of advanced biotechnology
(genome engineering, bioinformatics, advanced measurement, etc.), which has led to the rise
of the field of synthetic biology. In this talk, I would like to introduce with a special focus on
metabolic analysis and automation technology in the technologies for the development of smart
cells (cells whose potential functions have been brought out by advanced biotechnology)
created by "fusion of bio and digital".

Keywords : metabolism analysis, automation technology, microorganism, smart cell, metabolic
engineering

NA Gz ) I —PEEEN RIS e > TW D R3S 1 A8y (757 4T
F, M FAA T AT 4 7R, S tlE) OFEFNRD Y, GEYT R O BLE
[ZORR > TN D, AHIETIE, FBEDONA AIEOFTHIE KD BN D (31
FXF IR NLOREE ] IZ L > TAIHENS A~— hBL Gl S T L0 BLE
A7 EERED 5| & S 7o) DOBIR BN O T, REHENT & BE LB TR ICHE
S TTTTREAT Lz,

1) Takenaka, M., Yoshida, T., Hori, Y., Bamba, T., Mochizuki, M., Vavricka, CJ., Hattori, T., Hayakawa,
Y., Hasunuma, T.*, Kondo, A. (2021) An ion-pair free LC-MS/MS method for quantitative
metabolite profiling of microbial bioproduction systems, Talanta, 222, 121625

2) Vavricka, CJ., Yoshida, T., Kuriya, Y., Takahashi, S., Ogawa, T., Ono, F., Agari, K., Kiyota, H., Li,
J., Ishii, J., Tsuge, K., Minami, H., Araki, M.*, Hasunuma, T.*, Kondo, A. (2019) Mechanism-
based tuning of insect 3,4-dihydroxyphenylacetaldehyde synthase for synthetic bioproduction of
benzylisoquinoline alkaloids, Nature Communications, 10, 2015
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Smart cell design support technology by knowledge extraction from literature and public data
('Hitachi, Ltd., > National Institutes of Biomedical Innovation, Health and Nutrition,

3 Graduate School of Medicine, Kyoto University) OKiyoto Ito,' Michihiro Araki? 3

In the design-build-test-learn (DBTL) cycle of microbial developments, many of the
interpretation of various data and the design improvement based on it depend on a researchers’
individual knowledge and the manual investigation of literature and public database. Such
knowledge acquisition process limited the speed of the microorganism development and was a
big problem which should be solved technically such as the systematic knowledge
accumulation, the discovery, and the reuse were difficult. On the other hand, recent advances
in machine learning and artificial intelligence (Al) technology have made it possible to extract
new knowledge and design patterns from literature and public database. Therefore, by applying
such technology to DBTL cycle, to solve the above problems, it is expected to further accelerate
microbial development. In this lecture, we will introduce a machine learning technology that
focuses on knowledge extraction techniques and enzyme gene search from literature.
Keywords : Metabolic design, Microbe, Text mining, Machine learning

WAYEIR @ DBTL 4 7 /b (Design—Build —Test—Learn) (2T, &7 —#
DR E | Zad b LIZ LIiRGIHR R 0% <X, FEAOHS 50, FAEREIC X 530K -
T — AR ADPEIMAF L TV D, T 9 LIZE AR 72 e 7 vt A%, MAEB%
IZBWTHIETH D & & HIT, R HRSETE - A - BAHARRECH 570 & Hify
ARG N E RERFE L oo Tie, —F, IFEOMTE - N Lase (AD) Hiffo
HERIZHE, STRSOCA T — Z DT 72 ik - X2 — U b Al E e > TE TV D,
T, 29 L7eHdiE DBTL 4 7 VIZIEHT 5 2 & ¢, EiRoEEEZ R L, 154
WIBAZE A2 TICIE T 2 2 EDEIFRF SN TV D, R CIL, 29 Lo Ra B E 2 TH%
SHTo, SCHRDN & O Fngsch T & B R BAR - IRIRIC 7 4+ — I A U 7o Bl 738 B 25
T 5,
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Development of Gene Regulatory Network Modelling for Smart Cells ('Bioproduction
Research Institute, AIST, *Cellular and Molecular Biotechnology Research Institute, AIST,
3Computational Bio-Big Data Open Innovation Laboratory, AIST, ) Sachiyo Aburatani, '>*
Koji Ishiya,! Pui Shan Wong,? Adrien Rougny,’

In bioproduction field, improvement of productivity is one of the important themes. Usually,
we utilize some empirical methods to improve the microbial productivity, but these methods
need long term and high cost. In this project, we developed computational approach to infer
the regulatory factors for microbial production. To improve the microbial ability for
bioproduction, clarification of mechanism, when host microorganism produces the target
compounds, is important.

In this project, we developed the following methods to realize bioproduction systems in host
microorganisms:

1. Gene selection for network modelling

2. Network modelling to infer the regulatory mechanism

3. Target gene identification from the inferred network model

We applied statistical network modelling methods, based on Structural Equation Modelling,
to reveal the mechanism of bioproduction systems in this project. By using these methods, we
can obtain causal relationships between genes and productivity as visualized graph. This graph
indicates regulatory factors for target productivity (sometimes cell growth or so), and
bottleneck points within the bioproduction systems. Our developed methods are useful for
improvement the productivity in microbial bioproduction. We utilize the whole gene expression
data for modelling, thus we can find unknown regulatory factors. These methods will be one
of new and systematic approaches for microbial breeding in Bioproduction field.

Keywords : Network Modelling; Regulatory Mechanism, Structural Equation Modelling; Gene
Expression profile

A LD EAFEOBIGICRB T 2 EELEO — DI 5 EMEMOET 5
AEREMEOR ERZET N5, ZOMEOMRAIEEL LT, ek, ZRIARFIEICLD
AEMBRENZEI TN TE 72, 2 OB EITHEEIC R EEMOE TMAEY 2 15
THIENTE DM, B - &8 2 "3 00 2 Z ENBETH Y BIEO IR
BB RI LT 2 2 L BAREEIC 72 > T&E T2, £ 2T, Fex TG dr a2 FIMH T %
ZETUEEMEMIB N THEREY —5 > b &7 5 WEEMBE T 2RI RE T
% B 2 B Uiz,

AN X 2RO E A PE & BT 5 72D, W A FERCIAE RN it
ZoTWDBGA =X LEH1 R L, ZNE 20O A7 L LTHIITHZ &
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AT 572012, LLF 3 SOEM &% LT,
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1) Inference of Regulatory System for TAG Biosynthesis in Lipomyces starkeyi. S. Aburatani, K. Ishiya,
T. Itoh, T. Hayashi, T. Taniguch, H. Takaku, Bioengineering. 2020, 7(4), 148.
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Machine learning prediction of protein and molecule photo-
spectroscopy

Jun Jiang*
* Hefei National Laboratory for Physical Sciences at the Microscale, School of Chemistry and
Materials Science, University of Science and Technology of China, Hefei, Anhui 230026, China

Photo-spectroscopy provides powerful toolkits to decipher proteins dynamic structures.
However, the theoretical interpretation of spectroscopic signals and connecting them with
structural detail is an expensive task which requires repeated expensive quantum-mechanical
calculations in a fluctuating environment. Moreover, the intrinsic complexity of spectroscopic
signals makes it difficult to correlate spectra characteristics with the underlying molecular
structure and dynamics. Herein, we employ data-driven machine learning (ML) techniques that
can predict infrared (IR), ultraviolet (UV) spectra of various proteins with 3 to 4 orders of
magnitude reduced computation cost compared to direct quantum chemistry calculations. Our
ML protocol provides a cost-effective tool for proteins structure determination, including the
identification of secondary structures, probing of structure variations with temperature, and
monitoring protein folding.

Furthermore, we have applied machine learning algorithms to reduce the time and
complexity to interpret two-dimensional ultraviolet (2DUV) spectra of peptide segments with
typical secondary structures. A convolutional neural network (CNN) model was trained and
tested on a dataset consisting 87993 2DUYV spectra computed from peptide segments with a-
helical, S-sheet, and other typical secondary structures. The secondary structure classification
accuracy reached near 100% and over 98.7% on spectra sets of new segments extracted from
the same and homologous proteins, respectively. We aim to realize cost-effective reversible
determination between spectra and structure, i.e. spectra determination from structural
information, and configuration determination from spectra signals.
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Group Theoretical Insights into Metal Clusters: Their Potentials
and Design Principles

(‘Fukui Institute for Fundamental Chemistry, Kyoto University, *Graduate School of
Engineering, Kyoto University, *Unit of Elements Strategy Initiative for Catalysts &
Batteries, Kyoto University, *Institute of Innovative Research, Tokyo Institute of Technology)
ONaoki Haruta'**

Keywords: Quantum Chemistry; Group Theory; Periodic Table; Clusters; Nanoparticles

Polyatomic clusters have atomicity-dependent properties as well as large surface area,
and thus are completely different from bulk and nano materials. In particular, some clusters
with high structural symmetries exhibit special stabilities and functions. According to our
collaboration with experimental chemists, for example, the tetrahedral platinum cluster Pt;o
shows an excellent catalytic activity for the hydrogenation of olefin' (Fig. 1). The
icosahedral aluminum cluster Al;3~ has a high chemical stability even in a liquid phase? (Fig.
1). What is the origin of the uniqueness? It is known that symmetry triggers electronic
degeneracy or pseudo-degeneracy, leading to conductivity, magnetism, closed-shell stability,
and many things. In a series of our recent studies, we combined group theory with quantum
chemistry, and thereby discovered a general periodic table of clusters’ and also a novel
category of clusters with super-degenerate orbitals®, as described below.

Fig. 1 The catalytic cluster Pt;o and the stable cluster Ali3".

(1) Periodic table of clusters’

The periodic table has contributed to the discovery of many elements. Is there no such
principle for polyatomic clusters? They have been predicted on the assumption that their
structures are spherical, which is effective for finding subglobular clusters such as
icosahedral ones. We proposed a symmetry-adapted orbital model, which incorporates
orbital splittings due to lower structural symmetries. This refinement predicts an abundance
of clusters with various shapes, which obey a certain periodicity. In fact, experimentally
observed clusters are governed by the same rule. Consequently, he constructed a periodic
framework for clusters (Fig. 2), which will be a useful compass to find missing species.
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Fig.2 A part of the periodic table of the Tq-type clusters.

(2) Super-degenerate clusters *

Spherical atoms have the highest geometrical symmetry, and hence atomic orbitals are
highly degenerate. As for polyatomic species, an icosahedral structure is the most
symmetrical, yielding 5-fold degeneracy at the maximum. Is it impossible to overcome
these limitations? We found that tetrahedral clusters of magnesium, zinc, and cadmium
exhibit anomalous higher-fold orbital degeneracy than spherical or icosahedral symmetry
(Fig. 3). Remarkably, the origin of the “super-degeneracy” was identified as “dynamical
symmetry”, the superordinate concept of point group. This achievement will lead to
supreme conductivity or magnetism utilizing super-degenerate orbitals.

-4
T T T
q" -l =
g 6 [Anomalous orbital degeneracy]
S gl wHHEas | 3
E Due to dynamical symmetry
-CED wmn e e higher than any point groups
10t i
+# Zny,

Fig.3 Super-degenerate molecular orbitals of the tetrahedral zinc cluster Zna.

1) T. Imaoka, Y. Akanuma, N. Haruta, S. Tsuchiya, K. Ishihara, T. Okayasu, W.-J. Chun, M.
Takahashi, K. Yamamoto, Nature Commun. 2017, 8, 688.

2) T. Kambe, N. Haruta, T. Imaoka, K. Yamamoto, Nature Commun. 2017, 8, 2046.

3) N. Haruta, T. Tsukamoto, A. Kuzume, T. Kambe, K. Yamamoto, Nature Commun. 2018, 9, 3758.
4) T. Tsukamoto, N. Haruta, T. Kambe, A. Kuzume, K. Yamamoto, Nature Commun. 2019, 10, 3727.
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Solid-state calculation using the transcorrelated method

(‘Department of Physics, Osaka University) OMasayuki Ochi'
Keywords: Electronic structure calculation; Periodic systems; Jastrow-Slater ansatz;
Similarity transformation

Electronic structure calculations for condensed matters are usually performed within
the framework of density functional theory (DFT). This is because it often provides
reasonable accuracy with relatively low computational cost. However, because it is known
that simple approximations in DFT cannot describe electron correlation effects sufficiently,
many researchers have studied to develop new exchange correlation functionals. As an
alternative way, it has also paid much attention to apply many-body wave-function methods
to solid-state calculation. For example, the second-order Meller-Plesset perturbation theory
and the coupled-cluster theory have been successfully applied to solid-state calculations.
However, because of its expensive computational cost, target systems of these methods have
been limited to relatively small ones.

In this talk, we introduce a promising wave-function theory, transcorrelated (TC)
method, which can provide accurate electronic band structure with reasonable
computational cost. The TC method was developed by Boys and Handy in the late 1960s'~,
and further developed by Ten-no®’, Umezawa®, Tsuneyuki®® and some other researchers. In
this method, the many-body wave function is assumed to be a product of the Jastrow factor
F =exp (— Xi<ju(r; — 1)) and the remaining part ®. Here, the Jastrow factor describes
the strong electron-electron repulsion by satisfying the cusp condition. In addition, the
long-range behavior of the Jastrow factor for solids can describe the screening effects of the
electron-electron interaction. Then, the Schrodinger equation is rewritten through the
similarity transformation as follows: HF® = EF® < (F"'HF)® = E®, where the
similarity-transformed Hamiltonian Hypc. = F"1HF is called the transcorrelated
Hamiltonian. When one assumes @ to be a single Slater determinant, this method becomes
a variant of the Hatree-Fock (HF) method and one can derive one-body self-consistent-field
(SCF) equation while the electron correlation effects are taken into account through the
Jastrow factor. Whereas the similarity-transformed Hamiltonian includes three-body
effective interactions, the one-body SCF equation can be efficiently solved®'® because the
three-body terms can be decomposed into two-body terms since it is represented with the
two-body Jastrow function u(r; — ;). It is also advantageous that one can apply post-HF
methods to the similarity-transformed Hamiltonian for further improving its accuracy. We
will show our recent studies of the TC method applied to solid-state calculation, such as the
combination of the TC method with the configuration-interaction-singles (CIS) method"
and the second-order Moller-Plesset perturbation theory'. It is noteworthy that the TC
method is recently combined with the state-of-the-art methods such as the
full-configuration-interaction Monte Carlo method"’. We will also show our calculated band
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structure of ZnO', which is simple but known to be a very challenging material for accurate
band structure calculation.

1) S. F. Boys and N. C. Handy, Proc. R. Soc. London Ser. A 1969, 309, 209. 2) S. F. Boys and N. C.
Handy, Proc. R. Soc. London Ser. A 1969, 310, 43. 3) S. F. Boys and N. C. Handy, Proc. R. Soc.
London Ser. A 1969, 310, 63. 4) S. F. Boys and N. C. Handy, Proc. R. Soc. London Ser. A 1969, 311,
309. 5) N. C. Handy, Mol. Phys. 1971, 21, 817. 6) S. Ten-no, Chem. Phys. Lett. 2000, 330, 169. 7) S.
Ten-no, Chem. Phys. Lett. 2000, 330, 175. 8) N. Umezawa and S. Tsuneyuki, J. Chem. Phys. 2003,
119, 10015. 9) R. Sakuma and S. Tsuneyuki, J. Phys. Soc. Jpn. 2006, 75, 103705. 10) M. Ochi, K.
Sodeyama, R. Sakuma, and S. Tsuneyuki, J. Chem. Phys. 2012, 136, 094108. 11) M. Ochi and S.
Tsuneyuki, J. Chem. Theory Comput. 2014, 10, 4098. 12) M. Ochi and S. Tsuneyuki, Chem. Phys.
Lett. 2015, 621, 177. 13) H. Luo and A. Alavi, J. Chem. Theory Comput. 2018, 14, 1403. 14) M. Ochi,
R. Arita, and S. Tsuneyuki, Phys. Rev. Lett. 2017, 118, 026402.
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Spatially-Resolved Imaging on Photocarrier Separations and Band
Alignments in Hybrid Perovskites by Light-Modulated Scanning
Tunneling Microscopy

(*Department of Physics, National Taiwan University, Taiwan) Ya-Ping Chiu?
Keywords: Organometallic halide perovskites; Perovskite/Pbl, interfaces; Molecular dipole;
Scanning tunneling microscopy and spectroscopy; Laser illumination [5 words at most]

High-power conversion efficiency of organometallic halide perovskites could be
originated from the presence of the passivation layers at perovskite crystal grains and the
presence of ferroelectric nanodomains that may aid separation of photoexcited electron and
holes pairs. However, although, atomic-scale effects have been suggested to be possible causes,
an equivocal experimental view at the atomic level is missing. In this talk, the application of
the light-modulated scanning tunneling microscopy/spectroscopy (LM-STM/S) technique was
conducted to spatially reveal the atomic-scale morphology and electronic properties under light
illumination in halide perovskites.

The first application of the LM-STM/S technique reveals the interfacial electronic
structures at the hetero-interfaces between CHs;NHsPbl; perovskite crystals and Pbl,
passivation layer of individual perovskite grains under light illumination. The technique
enabled the first observation of spatially-resolved mapping images of photoinduced interfacial
band structures and the photogenerated electron and hole carriers at the hetero-interfaces of
perovskite crystal grains.

The second application of the (LM-STM/S) technique directly shows a stable
antiferroelectric nanodomain pattern in organometallic halide perovskites (CH3NHsPbBr3). In
addition, by mapping the electrostatic potential modulation, the built-in field efficiently
separates transport channels for electrons and holes. The result highlights the formation of
antiferroelectric domains and drastically suppress the electron-hole recombination, which
could enhance the superior photoelectric conversion efficiency of perovskite halides.

[ref. This body consists of 210 words.]

1) Hung-Chang Hsu, Bo-Chao Huang, Shu-Cheng Chin, Cheng-Rong Hsing, Duc-Long Nguyen,
Michael Schnedler, Raman Sankar, Rafal E. Dunin-Borkowski, Ching-Ming Wei, Chun-Wei Chen,
Philipp Ebert, and Ya-Ping Chiu, ACS Nano. 2019, 13, 4402.

2) Min-Chuan Shih, Shao-Sian Li, Cheng-Hua Hsieh, Ying-Chiao Wang, Hung-Duen Yang, Ya-Ping

Chiu, Chia-Seng Chang, and Chun-Wei Chen, Nano Letters, 2017, 17(2), 1154.
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Exotic physical properties emerging from geometrically frustrated
T electrons: From quantum liquids to superconductivity

(*Graduate School of Frontier Sciences , The University of Tokyo) OKenichiro Hashimoto!
Keywords: Geometrical frustration, Superconductivity, Quantum spin liquid, Strongly
correlated electron

n-electron systems provide a rich variety of exotic electronic phases ranging from
superconductivity to quantum spin liquids. Especially, in correlated organic materials,
competition among various electronic phases gives rise to striking emergent physical
properties, such as metal-insulator transition, magnetism, and unconventional
superconductivity. These competing ground states can be tuned by various external control
parameters such as bandwidth and bandfilling. Among them, geometrical frustration is an
important key parameter for controlling the ground state. For instance, in strongly correlated
organic magnets, long-range antiferromagnetic order often occurs at low temperatures
owing to the magnetic interaction J between the neighboring spins. However, in
geometrically frustrated spin systems, a quantum spin liquid (QSL) state without long-range
magnetic order can be realized!?, where strongly enhanced quantum fluctuations due to the
geometrical frustration effect lead to a quantum-disordered state, which has the potential to
host a metallic quantum spin liquid state. This analogy can be extended to the charge
degrees of freedom of electrons, where a charge glass state is realized’.

In this talk, I will focus on a metal-organic framework (MOF) with a perfect kagome
lattice. MOFs, which are self-assemblies of metal ions and organic ligands, provide a
tunable platform to search a new state of matter in geometrically frustrated systems. Indeed,
recently a two-dimensional (2D) perfect kagome lattice, whose geometrical frustration is a
key to realizing quantum spin liquids, has been formed in the n-d conjugated 2D MOF
[Cus(CsSe)]n (Cu-BHT). The recent discovery of its superconductivity with a critical
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temperature 7. of 0.25 K raises fundamental questions about the nature of electron pairing.
Here, we show that Cu-BHT is a strongly correlated unconventional superconductor with
extremely low superfluid density*. A non-exponential temperature dependence of superfluid
density is observed, indicating the possible presence of superconducting gap nodes. The
magnitude of superfluid density is much smaller than those in conventional superconductors,
and follows the Uemura’s relation of strongly correlated superconductors. These results
imply that the unconventional superconductivity in Cu-BHT originates from electron
correlations related to spin fluctuations of kagome lattice.
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1) L. Balents, Nature 2010, 464, 199. 2) M. Shimozawa, K. Hashimoto et al., Nature Commun. 2017,
8, 1821. 3) S. Sasaki, K. Hashimoto et al., Science 2017, 357, 1381. 4) T. Takenaka, ‘-, K.

Hashimoto, Science Advances (in press).
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Charge-to-Spin Current Conversion by Chiral Molecules

(*Kyoto Univ., 3JST PRESTO ) OMasayuki Suda
Keywords: Spintronics; Chirality; Molecular Motor; Photo-control; Molecular Device

In spintronics, the use of organic materials as a spin transport material has recently
garnered significant attention as they exhibit long spin-relaxation times and long spin-diffusion
lengths owing to the weak spin—orbit interaction (SOI) of light elements. Meanwhile, the weak
SOI of organic materials become a drawback when they are used as a spin filter (or spin
polarizer). However, the recent finding of the chirality-induced spin selectivity (CISS) effect,
suggests an alternative method of using organic materials as spin filters for spintronics
applications. ?

In this context, overcrowded alkenes (OCAs) that demonstrate molecular motor
functionalities are promising for integration in CISS-based solid-state devices because they
demonstrate chirality switching by external stimuli.? The rotation cycle includes four distinct
steps: two photochemical and two thermal steps, resulting in 4  times P/M chirality inversion
during the 360° molecular rotation (Fig. l1a bottom). Because the SP in the CISS effect
depends on the chirality of the molecules, namely P (right handed) or M (left handed), the SP
direction of electrons that pass through the molecular motors should be switched by light
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Fig. 1 (a) Schematics of the cross-bar tunnel junction device and molecular structures of OCA. Blue helices represents
the OCAs. (b) MR curves for the devices fabricated with M-cis isomer after various times of irradiation with visible

light (top) and MR curves for devices with P-trans isomer before and after thermal treatment at 80 °C for 12 h

irradiation or thermal treatments.
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Here, to confirm spin-polarized current generation and switching by OCA molecules, a
solid-state device that sandwiches a thin layer of an OCA molecule with Al,O3/Ni and a
PEDOT/PSS electrode was fabricated (Fig. 1a top).® The MR curves were recorded after
various visible light-irradiation times for a device fabricated with M-cis isomer. In the initial
state, a clear antisymmetric MR curve with a negative slope was observed. The MR signal
decreased as light irradiation proceeded, and finally the sign of the MR signal was inverted to
negative, indicating a light-induced spin switching in the spin-polarized current from up-spin
selective to down-spin selective through the M-cis-to-P-trans photoisomerization. A
subsequent thermal activation process at 80 °C inverted the signs of MR from negative to
positive again, implying a thermal-activation-induced spin switching from down-spin selective
to up-spin selective through the P-trans-to-M-trans chirality inversion (Fig. 1b). Similar
phenomena were observed in the device fabricated with the M-trans isomer. This series of
experiments clearly demonstrated that 4 times spin switching were induced during the 360°
molecular rotation of the OCA.

For an accurate estimation of the SP rate, we also investigated a microscopic experiment
(spin-polarized conductive AFM utilizing ferromagnetic tips). The SP rate enhanced gradually
with increasing bias and finally reached 43% at +1.9 V. Although several theoretical
mechanisms for the CISS effects have been proposed, the significant magnitude of SP rate
arising from small SOlIs of organic molecules is still being investigated..

Here we performed the calculations for SOls for the OCAs in one-electron reduced states
by the contracted spin—orbit-configuration interaction method. Interestingly, we found that
some matrix elements of the n—m interaction are extremely large exceeding 30 cm™, although
most of the interactions are relatively weak (n and m were chosen within the LUMO to
LUMO+25 levels). In these cases, the transitions contain the n-electron-to-lone-pair or r-
electron-to-c-electron excitation within the same sulfur atom, which should be associated with
large orbital angular momentum changes in sulfur atomic orbitals. Although we do not know
why or how these strong SOls affect the whole transmission process, the energy order appears
reasonable despite the OCA being composed of only light elements.

In summary, we have performed MR and spin-polarized conductive AFM measurements
that exhibit SP direction switching upon photoirradiation or heat treatment, by utilizing an
artificial molecular motor. In these devices, the P/M chirality is reconfigurable by external
stimuli and thus represents a new type of organic spintronics device. The present results are
beneficial for the development of next-generation organic photo/thermospintronic devices
combined with molecular machines.

1) B. Gohler et al. Science 2011, 331, 894-897., 2) T. Leeuwenet al., Nat. Rev. Chem. 2017, 1, 0096. 3)
M. Suda et al., Nat. Commun. 2019, 10, 2455.
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Pulse-driven nonvolatile phase change of
electronic/magnetic/superconducting states

(!Department of Applied physics, University of Tokyo, *RIKEN Center for Emergent Matter
Science (CEMS)) OFumitaka Kagawa'*
Keywords: Quench, Metastable, Nonvolatile control, Pulse, Domain engineering

Electrons in condensed matter have internal degrees of freedom, such as charge, spin,
and orbital, leading to various forms of ordered states through phase transitions. However,
in individual materials, a charge/spin/orbital ordered state of the lowest temperature is
normally uniquely determined in terms of the lowest-energy state, i.e., the ground state. In
this presentation, I summarize recent results showing that under rapid cooling based on
electric/optical pulse, this principle does not necessarily hold, and thus, the cooling rate is a
control parameter of the lowest-temperature state beyond the framework of the
thermoequilibrium phase diagram?. Although the cooling rate utilized in low-temperature
experiments is typically 2x107 to 4x107" K s7!, the use of optical/electronic pulses
facilitates rapid cooling, such as 10>~10” K s™'. Such an unconventionally high cooling rate
allows some systems to kinetically avoid a first-order phase transition, resulting in a
quenched charge/spin/superconducting state that differs from the ground state. It is also
demonstrated that quenched states can be exploited as a non-volatile state variable when
designing phase-change memory function, such as charge® and spin®* degrees of freedom
and even superconductivity®).
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1) FK and H. Oike, Adv. Mat. 2017, 29, 1601979. 2) H. Oike et al., Phys. Rev. B. 2015, 91,
041101(R).  3) H. Oike, et al., Nat. Phys., 2016, 12, 62. 4) K. Matsuura et al., Phys. Rev. B. 2020,
in press. 5) H. Oike et al., Sci. Adv., 2018, 4, eaat1115.
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Temperature-modulated pyroelectricity measuring system for
single crystals of molecular ferroelectrics and analysis of
modulation frequency dependence of the pyro-current using a 1D
heat transfer model

(*Department of Applied Physics, Okayama University of Science)

OKaoru Yamamoto

Keywords: Molecular Ferroelectrics; Pyroelectricity; Modulation Measurements; Thermal
Diffusion Model

Pyroelectricity is a response of polar material subjected to temperature change. The
electric current is thus usually recorded by sweeping temperature of the sample. However,
rate of the temperature sweep is experimentally limited, and it is difficult to obtain sufficient
signal strength from a small sample such as an organic single crystal. In the present study,
we developed a light-irradiation temperature-modulated pyroelectricity measuring system to
investigate electric polarization in single crystals of molecular ferroelectrics, especially
conductive materials that have been newly confirmed their ferroelectric polarization [1-3].

To investigate the phase transition mechanism in terms of pyroelectricity, it is
necessary to perform the measurements over a wide temperature range. However, such a
soft and fragile material as organic crystals changes its properties due to lattice distortion
caused by difference in the thermal expansion coefficient between the sample and the heat
bath, if it is cooled or heated by a normal heat conduction method.

In order to prevent the occurrence of lattice distortion, the sample temperature is
controlled by a heat exchange gas cryostat, and the dynamically modulation of the
temperature is applied in a non-contact manner with a use of a modulated laser in the
present system. Whereas the modulation measurement is advantageous in signal
sensitivity and temperature accuracy, the magnitude of the temperature modulation is
difficult to measure, making it difficult to evaluate the pyroelectric coefficient from the
experimental results. In the present study, we performed a thermal diffusion analysis of
the irradiation heat in a specimen surrounded by heat exchange gas to calculate the
temperature oscillation during the modulation experiments, and applied the analysis to
explain the pyroelectricity measured for a single crystal of LiNbO;. Features of the
modulation frequency dependence of pyroelectricity are discussed based on the results of
the thermal model calculation for the standard sample measurement.

1) K. Yamamoto et al., J. Phys. Soc. Jpn.. 2008, 77, 74709. 2) K. Yamamoto et al., Appl. Phys. Letts.
2010, 96, 122901. 3) K. Yamamoto, Physica B Condens. Matter 2010, 405, S363.
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Coupled Excited State Electron-lattice Dynamics in 2D Lead Halide
Perovskites

(Department of Chemistry, Zhejiang University, Hangzhou, China) OHaiming Zhu*
Keywords: polaronic effect; 2D perovskite; Exciton

Two-dimensional lead halide perovskites with strongly bound excitons and tunable
properties have shown exciting potentials in light harvesting and emission applications recently.
In contrast to conventional inorganic quantum wells, it is intriguing but unclear how the
complex structural dynamics arising from soft and polar lattice redefine excitons in layered
perovskites. Here we seek to reveal the intrinsic exciton properties in two-dimensional
perovskites by investigating their exciton spin dynamics, which provides a feasible and
sensitive gauge to access exciton Coulomb interactions. Compared to transition metal
dichalcogenides with comparable exciton binding energy, we observe more than one order of
magnitude smaller exciton-exciton interaction induced spin flip constant and counterintuitively,
longer exciton spin lifetime at higher temperature. The anomalous spin dynamics implies
excitons in 2D perovskites exist as exciton polarons with significantly weakened inter- and
intra- excitonic interactions by dynamic polaronic screening, despite large steady state exciton
binding energy. The combination of strong light matter interaction from reduced static
dielectric screening and weakened inter-/intra- exciton interaction from dynamic polaronic
screening explains their exceptional photovoltaic performance and provides new designing
principles for quantum confined optoelectronic and spintronic systems. This result also sheds
light on the long-standing debate on the main origin of slow electron-hole recombination in
three dimensional perovskites.

1) Tao, W.; Zhou, Q.; Zhu, H., Dynamic Polaronic Screening for Anomalous Exciton Spin Relaxation in
Two-Dimensional Lead Halide Perovskites. Sci Adv 2020, 6, eabb7132
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Real-time GW-BSE Investigations on Spin-Valley Exciton

Dynamics in Monolayer Transition Metal Dichalcogenide

Xiang Jiang, Qijing Zheng, Jin Zhao™

ICQD/Hefei National Laboratory for Physical Sciences at Microscale, and
CAS Key Laboratory of Strongly-Coupled Quantum Matter Physics, and
Department of Physics, University of Science and Technology of China, Hefeli,
Anhui 230026, China

We develop an ab initio nonadiabatic molecular dynamics (NAMD) method
based on GW plus real-time Bethe-Salpeter equation (GW+rtBSE-NAMD) for
the spin-resolved exciton dynamics. From investigations on MoS2, we provide
a comprehensive picture of spin-valley exciton dynamics where the electron-
phonon (e-ph) scattering, spin-orbit interaction (SOI) and electron-hole (e-h)
interactions come into play collectively. Especially, we provide a direct
evidence that e-h exchange interaction plays a dominant role in the fast valley
depolarization within few picoseconds in excellent agreement with experiments.
Moreover, there are bright-to-dark exciton transitions induced by e-ph
scattering and SOI. Our study proves that e-h many-body effects are essential
to understand the spin-valley exciton dynamics in TMDs and the newly
developed GW+rtBSE-NAMD method provides a powerful tool for exciton
dynamics in extended systems with time, space, momentum, energy and spin
resolution.
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Interface Analysis during the Energy Conversion by Scanning
Probe Microscopy

(! Institute for Molecular Science, National Institutes of Natural Sciences)

(OTaketoshi Minato
Keywords: electrode/electrolyte interface, lithium ion battery, fluoride shuttle battery,
scanning probe microscopy

The applications of rechargeable battery are growing in various field for the
efficient energy systems. By understanding the physical properties and reaction mechanisms
at the interface between electrode and electrolyte in the rechargeable battery, the
developments of the battery system would be expanded [1]. In this presentation, our recent
achievements of the analysis of the interface in the rechargeable batteries by scanning probe
microscopy is shown.

In the active material of the electrode in lithium ion battery, the density of lithium
ion is changed. The influence of density of the lithium ion on the electron conductivity of
electrode is known, however, the influence of the ordering of the lithium ions in the active
materials are not understood. By local conductivity measurements by scanning tunneling
microscopy and spectroscopy, it is shown that the ordering of the lithium ions enhances the
electron conductivity of the electrode [2]. Also, we will show that the direct observation of
the electric double layer and viscosity at the solid/liquid interface [3-6]. In addition to these,
the analysis of the reaction mechanism in fluoride shuttle battery [7] which contains higher
theoretical energy densities than current rechargeable batteries will be shown.

The parts of research achievements in the presentation were supported by the
Research and Development Initiative for Scientific Innovation of New Generation Batteries
(RISING) and Research and Development Initiative for Scientific Innovation of New
Generation Batteries 2 (RISING2) projects of the New Energy and Industrial Technology
Development Organization (NEDO), Japan.

References:

[1] Taketoshi Minato and Takeshi Abe, Prog. Surf. Sci., 92, 240-280 (2017). [2] K. Iwaya, T.
Ogawa, T. Minato, K. Miyoshi, J. Takeuchi, A. Kuwabara, H. Moriwake, Y. Kim, and T.
Hitosugi, Phys. Rev. Lett., 111, 126104 (2013). [3] Taketoshi Minato, Yuki Araki, Kenichi
Umeda, Toshiro Yamanaka, Ken-ichi Okazaki, Hiroshi Onishi, Takeshi Abe, Zempachi
Ogumi, J. Chem. Phys. 147, 124701 (2017). [4] Kenichi Umeda, Kei Kobayashi, Taketoshi
Minato, Hirofumi Yamada, Phys. Rev. Lett., 122, 116001 (2019). [5] Kenichi Umeda, Kei
Kobayashi, Taketoshi Minato, Hirofumi Yamada, J. Phys. Chem. Lett., 11, 1343-1348
(2020). [6] Kenichi Umeda, Kei Kobayashi, Taketoshi Minato, Hirofumi Yamada, J. Phys.
Chem. Lett. 11, 8094-8099 (2020). [7] Hiroaki Konishi, Taketoshi Minato, Takeshi Abe,
Zempachi Ogumi, J. Phys. Chem. C, 16, 10246—10252 (2019).
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Ultrafast time-resolved electron diffraction revealing the reduction
mechanism of graphene oxide through the photon and thermal
modes

('T3ukuba Research Center for Interdisciplinary Materials Science (TREMS), Faculty of
Pure and Applied Sciences, University of Tsukuba) OMasaki Hada'

Keywords: Time-resolved electron diffraction, Structural Dynamics, Graphene oxide,
Reduction mechanisms

Graphene oxide (GO) is a derivative of graphene that is produced by chemical
oxidization of graphite and exhibits a variety of applications in the fields of electronics,
chemistry, biology, and pharmaceuticals. The high popularity of GO can be ascribed to the
facts that the atomic frame-work and physical properties of its reduced form (rGO) are
similar to those of graphene and GO is highly dispersible in water and polar organic
solvents and is easily functionalized by chemical methods. The dispersibility of GO in water
is attributed to the presence of oxygenated functional groups such as, hydroxyl (—OH),
epoxy (—O-), carbonyl (—C=0), and carboxyl (~COOH) ones. Notably, graphene has a flat
structure featuring two-dimensionally spread six-membered carbon rings, whereas the
presence of the above functional groups in GO and rGO results in the formation of
quasi-two-dimensional non-uniform networks. Although the reduction of GO to rGO,
accompanied by the partial removal of the oxygenated functional groups, can be easily
achieved by exposing GO to reducing agents, high temperature, or ultraviolet (UV) light,
the reduction mechanism of GO have not been fully clarified yet. Here, a novel technique is
urgently required for elucidating the reduction mechanism of GO, and a reasonable solution
is thought to be provided by the use of ultrashort electron pulses (duration of ~1 ps)'2.
These pulses generate heat on the timescale of several hundred picoseconds to nanoseconds
that immediately escapes from the sample through the substrate before the arrival of the
next pulse, which makes electron diffraction analysis employing ultrashort pulsed electron a
powerful means of observing the structures of reactive molecules. Herein, we applied the
above technique to GO during UV-photoexcitation or thermal treatment to directly observe
its reduction process. The obtained structural dynamics of GO to rGO were compared with
those determined by time-resolved mid-infrared (mid-IR) vibrational spectroscopy and
time-dependent density functional theory (TD-DFT) calculations.

As a result of our investigation with combined methods, the relative contents and types
of functional groups in the basal plane of rGO reduced by photoexcitation and heating were
determined, as shown in Fig. 1. Furthermore, we clarified the reduction mechanisms of
photoexcitation and heating and clearly distinguished the selective removal of epoxy groups
and both hydroxyl and epoxy groups, respectively. The reduction mechanism of GO via the
thermal mode conformed to the classic description, whereas the reduction mechanism
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mediated by the photon mode was influenced by the anti-bonding character of epoxy bonds
in the charged or excited state. The elucidated mechanism of GO reduction enables the
preparation of rGO with desirable functional groups optimized for the intended applications
which will expand the application scope of two-dimensional systems.

Fig. 1: Reduction mechanisms of graphene oxide via photon modes and thermal modes.

1) M. Hada, K. Miyata, S. Ohmura, Y. Arashida, K. Ichiyanagi, I. Katayama, T. Suzuki, W. Chen, S.
Mizote, T. Sawa, T. Yokoya, T. Seki, J. Matsuo, T. Tokunaga, C. Itoh, K. Tsuruta, R. Fukaya, S.
Nozawa, S. Adachi, J. Takeda, K. Onda, S. Koshihara, Y. Hayashi, Y. Nishina, ACS Nano 2019, 13,
10103-10112.

2) M. Hada, Y. Nishina, T. Kato, Acc. Chem. Res. In press. DOI: 10.1021/acs.accounts.0c00576
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Data-assisted Insights to Overcome Challenges Associated with
Thermoelectrics

(Materials Research Centre, Indian Institute of Science, Bangalore 560012 INDIA) O Abhishek K.
Singh

Keywords: Machine Learning; High Throughput Screening; Density Functional Theory;
Thermoelectric; Relaxation Time,

The efficiency of any thermoelectric material relies on the transport properties, such as Seebeck
coefficient (S), electrical (o), and lattice thermal conductivity (). Rapid screening of materials with
desired efficiency involves accurate determination of these transport properties, which is challenging
due to the time limitation of experimentation and high computational cost. This offers an opportunity
to utilize machine learning (ML) based statistical approaches to predict such transport properties via
simple descriptors. Lattice thermal conductivity (k), being one of the most crucial parameters to
determine thermoelectric performance, is selected as first prediction property. High-throughput
descriptors mapped with ML approach designs the prediction model for k. The model shows excellent
prediction accuracy with a root-mean-square error (rmse) of 0.21, outperforming widely used Slack
model. While the prediction model accelerates the thermal conductivity calculation, estimation of
electronic transport properties is still time consuming and resource extensive. Alternative to any
independent prediction model, we emphasize on establishing a connection between these two
otherwise uncorrelated transport properties. Interestingly, with the help of ML bonding characteristics
are found to connect these transport properties, thus a combined feature space results into a highly
accurate prediction model for the k. Independent prediction models for electronic transport properties
are also developed with high accuracy, however, computed electrical conductivity (c/t) model lacks
explicit evaluation of temperature dependent scattering time or the electron relaxation time (Ter).
Experimental or computational measurement of 1. is time and cost demanding. In order to address
this difficulty, we developed a machine learning based statistical model for a rapid prediction of
experimental electrical conductivity (o) and subsequent estimation of temperature dependent
relaxation time (te). A machine learning model was trained on experimental data to predict o,
spanning 8 orders of magnitude. Engineering of feature space leads to identification of potential
descriptors for o, which includes elemental properties such as the boiling point, melting point, molar
heat capacity, electron affinity, and ionization energy. The developed model has excellent accuracy
with rmse of 0.22 S/cm, while 98% of the data are captured accurately. Utilizing the predicted o
values, T has been calculated for a wide range of temperatures. ML predicted 7. values outperforms
the widely used deformation potential model. This highly accurate ML models for all the transport
properties could complete the loop in the estimation of performance of the thermoelectric materials.

Ref: Chem. Mater. 31, 14, 5145 (2019), J. Mater. Chem. A, 8, 8716 (2020), Chem. Mater. 32, 15, 6507
(2020)

© The Chemical Society of Japan - S07-4vn-01 -



S07-4vn-02 The 101st CSJ Annual Meeting

Data-driven analysis of XAFS and EELS
(Mnstitute of Industrial Science, The University of Tokyo) OTeruyasu Mizoguchi,! Shin
Kiyohara,' Kakeru Kikumasa,' and Kiyou Shibata'
Keywords: Machine learning; Core loss spectroscopy; XAFS; EELS; DFT simulation

Data driven approaches are now indispensable for modern materials characterization
due to rapid increase of size and dimension of data observed in experiments and simulations.
Based on this backgrounds, we are developing data-driven methods for the materials
characterization.

The present authors have reported the applications of machine learning for crystal
interface analysis and XAFS/EELS spectrum. In the crystalline interface studies, the ML
approaches, including virtual screening, kriging, and transfer learning, have been used to
accelerate structure determination of the crystalline interface [1-3]. In this presentation, we
are going to present about topics machine learning for XAFS/EELS.

XAFS/EELS is core-loss spectroscopy observed using X-ray/electron, and the spectral
features around near edge are called XANES/ELNES which reflect partial density of state
of conduction band. To develop a method that can interpret the XANES/ELNES spectra,
hierarchical tree and decision tree methods are combined. We have confirmed that this
method can correctly interpret the spectra [4].

In addition to the “interpret” the spectrum, we used an artificial neural network to predict
the excited states of the XANES/ELNES from their ground states. Consequently, our model
correctly learned and predicted the excited states from their ground states, providing several
thousand times computational efficiency [5]. The machine learning was also applied to
directly predict the materials structure and functions [6].

We are also performing atomic resolution analysis using aberration-corrected
STEM-EELS. We have achieved the atomic resolution analysis of ionic liquid [7-9] and
investigation of the dynamic behavior of the gaseous molecule [10].

In the presentation, we will mainly talk on the application of the machine learning for
the XAFS and ELNES, and briefly touch the resent results on the atomic resolution
analysis.

1) S. Kiyohara et al., Science Adv., 2016, 2, 1600746, 2) S. Kiyohara et al., Jpn. J. App. Phys. 2016,
55, 045502. 3) H. Oda et al., J. Phys. Soc. Jpn, 2017, 86, 123601, 4) S. Kiyohara et al., Scientific
Reports, 2018, 8, 13548. 5) S. Kiyohara et al., npj Comp. Mater. 2020, 6, 68. 6) S. Kiyohara et al., J.
Phys.: Materials, 2019, 2, 024003. 7) Miyata et al., Ultramicroscopy, 2017, 178, 81. 8) T. Miyata et
al., Science Advances, 2017, 3, e1701546. 9) Y. Sugimori et al., RSC Advances, 2019, 9, 10520., 10)
Y. Katsukura et al., Scientific Reports, 2017, 7, 16434.
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Computational materials design based on materials simulations
and informatics

(Research Center for Advanced Computing Infrastructure, JAIST (Japan Advanced Institute
of Science and Technology)) OKenta Hongo,

Keywords: Materials Simulations; Density Functional Theory; Quantum Monte Carlo;
Materials Informatics; Bayesian Statistics

Materials Informatics (MI) [1] has emerged in the past decade as a new approach to
computational materials design aiming at discovering “novel/unknown” materials with
desirable properties in silico. The computational material design had been carried out only
using materials simulations before 2011. The simulation-based approach demonstrated some
successes!, but the number of compounds to be treated was restricted to tens to hundreds of
compounds due to limited computational resources. By contrast, a data-driven approach in
MI has extended a search space to much wider subspaces containing 10*~10° compounds.
This extension leads to a number of successful MI studies so far. For instance, a
high-throughput virtual screening (HTSV) approach with machine learning predictions has
explored “existing” materials with remarkable, but unknown materials properties from
materials databases.” This can be regarded as being “Materials Repositioning”, similar to
“Drug Repositioning” in drug design. Despite of its success, HTSV can just predict
materials properties quickly, and it cannot discover or design unknown materials existing in
a whole chemical space having ~10° compounds. An efficient search strategy is necessary
for such an exploration. A data-driven approach combined with the Bayesian statistics is one
of the most promising strategies for efficient materials search/design. According to Bayes’
theorem, a conditional probability distribution of finding structures S within a desirable
property range Y, P(S]Y), can be obtained by multiplying a conditional probability
distribution of predicting properties for given structures P(Y]S) with a prior distribution P(S).
Using P(S]Y), we can perform a Monte Carlo search for materials S with desirable properties
Y. There exists another approach based on Bayesian statistics, which is a computational
experimental design using the Gaussian process regression for efficiently finding promising
candidates, which is also useful for materials design.

We have proposed a Bayesian approach to molecular search combined with a modified
natural language model for generating candidates represented in terms of SMILES formats®:
P(S]Y) is a machine learning model; P(S) is a chemical language model learned from a
database. We have applied this approach to discovering high thermal conductivity (k)
polymers, and synthesized polymers actually showed higher « values.* This work
demonstrated that the Bayesian approach is useful, but several issues have arisen from
characteristics of polymer science and engineering: (1) Only a small data set of k values is
available for polymer systems. (2) The « value of a polymer is widely distributed because
its value is dependent on its synthesis process. Therefore, it is hard to see which monomer
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units are to be potential high-k polymers. To overcome these difficulties, we have
performed first-principles phonon simulations to compute k values of “perfect” polymer
crystals for several systems registered in the Polymer Genome Project. It was found the
B-phase of a poly(vinylidenesurely fluoride) crystal exhibits higher x values at low
temperatures than the well-known high-k polymer, polyethylene.’

Recently, we have explored a new LiNiO;-based cathode material with element
substitutions by an ab initio simulation-based materials informatics (AIMI) approach based
on Bayesian optimization.® Our AIMI approach revealed that synergy effects for improving
the cycle performance arise by combining two atoms, whereas each atom itself never
improve the performance. The Bayesian optimization found the synergy by searching only
4% of all the two-element combinations.

Finally, we discuss quality of materials data from the viewpoint of materials
simulations. Most MI works use first principles/ab initio simulations to obtain uniformly
accurate materials data. In this sense, one may think of the mainstream of current MI studies
as AIMIL In AIMI, the machine learning models are learned from datasets generated from
materials simulations and hence their accuracies strongly depend on the quality of
simulation data (known as “Garbage in, garbage out’). Most AIMI studies rely on density
functional theory (DFT). DFT has a great success in most cases, but it has been also known
to fail in some cases such as magnetism, molecular interactions, etc. Within the framework
of first principles simulations, quantum Monte Carlo (QMC), especially diffusion Monte
Carlo (DMC), is one of the most accurate approaches to evaluate some materials properties.
DMC requires huge numbers of random sampling points, but state-of-the-art huge parallel
computers make DMC feasible in actual materials science applications.” Because of its high
parallel efficiency, QMC is expected to be one of the most appropriate "data generation
engines" in AIMI for the next-generation exascale supercomputers.

In this talk, I shall start with a brief introduction to MI/AIMI and then show our recent
achievements in not only MI/AIMI approaches to materials design, but also first-principles
simulations as data generation engines in AIMI.

1) R. Gémez-Bombarelli, et al., Nat. Mater. 2016, 15, 1120. 2) T. Yoshida, et al., J. Phys. Chem. C
2019, 123, 14126. 3) H. Ikebata, et al., J. Comput. Aided Mol. Des. 2017, 31, 379. 4) S. W, et al.,
npj Comput. Mater. 2019, 5, 66. 5) K Utimula, et al, Chem. Mater. 2019, 31, 4649. 6) T. Yoshida et
al., J. Phys. Chem. C. 2019, 123, 14126. b) T. Yoshida et al., ACS Omega, 2020, 5, 13403. 7) K.
Hongo, et al., J. Phys. Chem. Lett. 2010, 1, 1789. b) K. Hongo, et al., J. Chem. Theory Comput. 2013,
9, 1081. c) K. Hongo, et al., J. Chem. Theory Comput. 2015, 11, 907. d) K. Hongo et al., J. Chem.
Theory Comput. 2017, 13, 5217.
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Classification of pathogenic microbes and host-parasite relationship

Pathogenic microbes are classified under four categories; bacteria, viruses, fungi, and protozoa. The
“host-pathogen relationship” is important for understanding how the pathogenic microbes affect against

hosts.
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Sterilization of liquid and material surfaces using atmospheric temperature-controllable plasma
(FIRST, Tokyo Institute of Technology) O Akitoshi Okino

Traditionally, plasmas have been generated under reduced pressure. In recent years,
atmospheric pressure plasmas have been attracting attention because almost room temperature
plasma can be generated. In the atmospheric low-temperature plasma reactive species, excited
species, and ions are generated. Thus, we can use a variety of chemical species in dry and low
temperature condition. In our group, new atmospheric pressure plasma devices such as multi-
gas plasma that can generate plasma using various gases, temperature-controllable plasma
devices that can control the plasma gas temperature from below zero degree to high temperature,
and barrier discharge devices that can generate large area plasma have been developed. We
have applied these new atmospheric plasma sources for surface treatments, material
decomposition, sterilization/virus inactivation, and endoscopic hemostasis devices etc.
Changing the plasma-generating gas and the plasma gas temperature changes the type and
amount of reactive species produced in the plasma, and thus the effects in various applications
also changes. In the presentation, the present status of atmospheric pressure plasma devices,
and application for sterilization will be presented.

Keywords : Atmospheric Plasma; Reactive Species; Discharge, Sterilization
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