Fri. Mar 25, 2022

B302

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

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

Chair, Symposium organizer: Ryo Koga, CHIKYO Toyohiro,

Tsuneo Kashiwagi, Hiroaki lino

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

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

©Hiromoto Shimadzu'

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

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

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

Chair, Symposium organizer: Ryo Koga, CHIKYO Toyohiro,

Tsuneo Kashiwagi, Hiroaki lino

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

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

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

by quantum chemical calculations

©The Chemical Society of Japan
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OSatoshi Maeda Maeda' (1. Hokkaido
University)
2:00 PM - 2:30 PM

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

2:30 PM - 3:00 PM

B301

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

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

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

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

9:10 AM - 9:40 AM

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

9:40 AM - 10:10 AM

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

OSatoshi Koikeda' (1. Amano Enzyme Inc.)

10:20 AM - 11:20 AM

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

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

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




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

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

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

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

2:40 PM - 3:10 PM

B303

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

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

Chair, Symposium organizer: Hideshi Sasakura, Setsuhisa

Tanabe, Kenji Uchiyama, Kazuyuki Hirao, Akitoshi Hayashi
9:00 AM - 11:40 AM B303 (Online Meeting)

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

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

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

[B303-3am-04] Fluorescence of glass containing rare

earth ions
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ONARUHITO SAWANOBORI" (1. Sumita
Optical Glass,. Inc)
11:10 AM - 11:40 AM

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

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

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

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

1:00 PM - 1:50 PM

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

1:50 PM - 2:20 PM

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

2:30 PM - 3:00 PM

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

3:00 PM - 3:30 PM

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

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

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

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

[B303-3vn-02] Microscopic and thermodynamic



understanding of atomic diffusion in oxide
glass melts under a temperature gradient
©Masahiro Shimizu' (1. Kyoto Univ.)
4:40 PM - 5:10 PM
[B303-3vn-03] Development of functional transparent
silica glass with various shape using 3D
laser fabrication method
OShigeru Fujino' (1. Kyushu University)
5:20 PM - 5:50 PM
[B303-3vn-04] Progress of glass electrolyte for all-solid-
state battery
OAkitoshi Hayashi' (1. Osaka Prefecture
University)

5:50 PM - 6:20 PM

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

[W1-3am] Asian International Symposium -

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

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

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

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

[W1-3am-04] Escape from Molecular Flatland: Frustration,
Adaptation, and Cooperation
ODongwhan Lee' (1. Seoul National University)
10:15 AM - 10:45 AM

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

[W1-3am-06] Sensitizing triplet photochemistry using

colloidal quantum dots
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OKaifeng Wu' (1. Dalian Institute of Chemical
Physics, CAS)
11:05AM-11:35 AM

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

[B103-3pm] Frontier in photochemistry:

manipulation of charge-transfer states
Chair, Symposium organizer: Yutaka le, Akinori Saeki, Hiroko
Yamada
1:00 PM - 3:40 PM B103 (Online Meeting)

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

T (1. Kyoto University)

SHiroshi Imahori
1:00 PM - 1:30 PM

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

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

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

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

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

[B103-3pm-07] Material design and precise analysis for
realization of excellent organic light-
emitting diodes

OHironori Kaji' (1. Kyoto Univ.)



3:15PM - 3:40 PM

B202

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

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

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

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

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

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

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

[B202-3pm-05] Sparse modeling of extended X-ray
absorption fine structure
Clchiro Akai1, Hiroyuki Kumazoe1, Yasuhiko
Igarashiz, Fabio Iesari3, Kazunori Iwamitsu1,
Toshihiro Okajima3, Yoshiki Seno4, Masato
Okada® (1. Kumamoto Univ., 2. Univ. of
Tsukuba, 3. Aichi SR, 4. SAGA-LS, 5. The Univ.
of Tokyo)
3:05PM- 3:35PM

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

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

Chair, Symposium organizer: Kazue Kurihara, Harumi Sato
9:00 AM - 11:40 AM B103 (Online Meeting)
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[B103-3am-01] The development of photodynamic
therapy with near-infrared light
OHideya Yuasa' (1. Tokyo Institute of
Technology)
9:05 AM - 9:30 AM

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

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

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

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

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



The Chemical Society of Japan The 102nd CSJ Annual Meeting

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

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

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

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

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

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

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

©The Chemical Society of Japan
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Transformation of Science, Technology and Innovation in the Context of Digital

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

Keywords : DX:Digital transformation ;AI; Innovation

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

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

RBERHIL, 20134FET VT NR A TFVT 47 ADREEREL D, TDH%D
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Z 2T BRA 223 B O DX ORFFERFECA N a VRSl E R LoD, Th
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T H~T 47 A) 201348 A CRDS-FY2013-SP-01

2) TUHNKT VAT = A=y a VI REREIRB KOS/ N—va v ORE  ~L
o MR B~ ORB~ 2020 45 4 A CRDS-FY2020-RR-01
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10:00 AM - 10:10 AM (Fri. Mar 25, 2022 9:00 AM - 11:40 AM B302)
[3B30201-04-3add] Incubation Time
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TOVvRAL 2V TAIRTA O RIZEIC TAOERDEFHB L UVEE
(B ARHET) &7 L8

Process Design and Control Based on Process informatics (Department of Applied Chemistry,
Meiji University) OHiromasa Kaneko

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

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

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

(PERSAIF CD-FMat) T 7
Multiscale Simulation for Polymeric Materials (CD-FMat, National Institute of Advanced
Industrial Science and Technology) Takeshi Aoyagi

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

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

T — X BRENRA B R G O AR 70T T —F L LT S E R T — X
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BB BIBRFE ONIEIZ DN 5 Z ERNIfF S LD, L L72e b, R I 21—
2 NZEBNTHFER LIRPUIFRER T, x5 & 3 D RFZE A 7 — Lo s Clo v 2
a2 b—ya VFEAHAEDETEAT S, Wb LY ILTF R —/L e VTFT 4
JAVIalb—va VINKEIZRD,

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

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

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

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

5) T. Aoyagi, Polym. Prepr. Japan 2021, 70 (2).
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TOANYA vERVWERBEIEFEICEL S SiClammiREiES

(G RAKHE) OF IR L

Development of SiC Crystal Growth Technology by Optimization Method Using Digital Twin
(\Institute of materials systems for sustainability, Nagoya University)OToru Ujihara'

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

Keywords : Process Informatics; Crystal Growth; SiC; Digital Twin
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AHFFETIE. TN O DOFEL SIC ERREIEITISH L, 6 4 F OfEsh MR IR
LTW5, ZNEHINZ LT, FEEZENTTS,
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EHRERDT ORI
OME H_EB* (1. RBAFAFRIFHATR)

ERBEL) Ol 3k AR
Digitization of Organic Synthesis
(Graduate School of Engineering, Kyoto University) Seijiro Matsubara

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

Keywords : Computer-assisted organic synthesis, Machine learning, Automated Synthesis

DT EEDLEFIL, A RNERDH D, HDHRESTEO TR E1E, T ukzik
S, BEICAREZRBR Y BEME SN TV AR, —BLEL IR TNDHNDI, %%&i
BT S TR R L~ L TOAEME RO BB TH 5, AREEROIEAFIET
HAEERXEFHT 2R, iR TRT LN TET, 77)7w4/7jv
T4 7 AMIITIIEE L2, ‘LA%%%@EfﬁﬁT%ﬂi T OYET — %
EREE D BB CREIT N A S DS RTREIC 72 B, T B [y PRtk 7 ETH 5,
531 DRI % 4y Rtk OB A W@T%é&mﬁﬁibibb T OEET
— & L ZOERMET —Z OFEBEBIRZ KD D Z ENFTRRICR Y, BAHOYMEEHT
S FREE AR R D 2 & & THEL Lto;ﬂ%Nﬂfkéhﬂfi o7 TR 2 12
RT LT RDT, ZOREDFEFERCHKT D ERHITROBND, MI D
ERIT, ARG E TR gma~T 2 Lilhhol, L, MI T,
AIREMED B 5 4y OFEHE & BB D TE DT, Tk AT AN, AR EB0V-D
MR, IR, TOZERRGFOEMIIK L, BEGHR CHLaERIERsRna
LTl D, ARSI, MR ORI, ZARICE L ROVOTENR, Blsl L Hid
[RICH D, XTF ROBEEED L5 ITFFEDIEDOMED KL Tl <, MI TIEEK
PO %@%@%ﬁ @De&iﬁﬁ%%@%@k&éJﬁ%A% W72 [ k)
& TROSERMIRRGE ) 1, BUET — 2 BECRIRRIZ /e > T D, Lo, ZRELERR
RENH DI %%b%T,%kEﬁ%&®&mﬁiffwﬁwo:@#Lwﬁ%%%
BIHIE, ARG EIMTEZITOEMNE NI T ERHENITR-> TN,

1) Digitization of Organic Synthesis ---- How Synthetic Organic Chemists Use Al Technology — S.
Matsubara, Chem. Lett. 2021, 50, 475-481.
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RISy FT—O DBE., BT, LU, T—2X—X1t:
EFIEFHENEET HIELERICOFERZEHIEL T

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

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

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

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

AFIR 52 WD Z & T, HDOLEMED SRR ERE~DKSREKEE R 2
ENTED, ZOHEEE, BONTLREMEICRZIZTHEAL TN ZEI2XY, 25
DR TENEE DIERRIENZ L D070\ Tobb KSR ER Yy NT—7 B3G5 5,
FOGHREEE R v v U —27121%, BT, BT ORERS & ISRENE D, T OfT
21X, Fex M B O EFRAEITIE Th 2 HEEBATHIMER (RCMC) EEZ WD Z &2
TXB[2], £72. RCMC £ & AFIR A A G LD Z & T, AJEENS, (LED
FOGGAE (BOGIREE & SRR 1238 TR LS 5 ISR O BTN E - 7o TR
ERREFIETHZEHARETH L, 2F 0 G & RO (BLORHE L)
DATIING T XTOERY ., TN 6 OAERKR, BLO, 20 DIEE THIT 5,
Fre Ve T TAHERY I 2 L— 3 (OFKS) WA[RETH H[3], iz, BMAE
W E AT L LT, AEBE DRGSR BWTAERM &2 5 2155 KGR~ & . ROt
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R EWIRRT D E L ARETH D, DF 0 AW & ISR (BLOFHE L)
DATIDE 2 DY) % BELL_E DT E X152 SUSGER RTIG T 2 AR
BLO, Znoa2IGHE Uizt 20 BAERMOINEE THIT 5, & {LF0E
FMENT (QCaRA) 23 FIHETH 5[4,

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

BAxDNBEBRT 7y b7+ —LD ‘F ___Database
WA EAKICR T, OFKS < -
QCaRA Ik~ T, R 7{LFaHIC A / .F
DL BN RFEE FEfi 2 2 & A3 Alie
T B, TSI RIS H AN .
. . e rengthen Accelerate
AR bR IR, FEBRIY R FEGE

~EB D, THUE, BRa IR ATIITHR L

A+ B — 7 (OiFKS) Organic synthesis

T, BRI EE L T\, — . or or
%\}‘7 O)%?ﬁ;(?%%hé}im%}:%* v ? +7?7— X (QCaRA) Robot synthesis

Reaction path

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

TV, T—H_X—R|Z1F, AFIR JEIZ X DRI L > TEH LN R 72 F IS Of%
BRI S TN D, EIH I, BT 7 &% U T AFIR JEIZ X B PR O mi b
R ENS, T—F2_X—Z2ADPLRIZL D, OtFKS X° QCaRA HEMTHZ LML,
2 —P—D AN T DRIE TR A FEITT 22 L B AREICRDTEA I, 2L b & FEli
T5H5T Ty 74— LEEEEDTND, £/, 79 v b7 r—b b uRy FEE
MAGDOELIRABIToTND, BHITINGDEBIZOWTERT D,

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

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

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

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

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

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

OMiikiko Tanifuji (National Institute for Materials Science)

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

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

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

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

3) WY, DICE (2B 2M BT — 2 OFR LM, IS A s o v
AU L, 202149 H 12 H
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MKREEDI-HDBRMEM EGY 5 5P pH KERE
(ROABET) s M

Neutral pH electrolyzer as a potential disruptive technology for pure hydrogen generation
(Graduate School of Engineering, The University of Tokyo) Kazuhiro Takanabe

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

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

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

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

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

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

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

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

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

Technology) OKazuhiko Maeda'

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

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

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

@ : HY/Ir/K;LaTa,Ogl

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

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

respectively. Z-scheme overall water Reaction time / h

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

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

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

e solution, 5 mm aqueous Nal solution (pH 2.5, 100
of I;7/I" shuttle redox couple. mL); light source, 300 W Xe lamp (4 > 400 nm).
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Keywords : Artificial Photosynthesis, Layered Materials; Mixed Anion Compounds;
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2 oiHEE A b oI R—T7 RO FIREBEIL, IS T CHRET 2 Mk RE 72 b fir
oM & LTHIfF STV D, L, EBIRBEDOEHIT, ZDI1T & A LR
REMTHLHTD - RICHETH 5, Fxld, BICRTIEOFRE & &0 R
IZ& D, 500 nm F TORMEOERINZ & DR~ 7 29 A | LiLaTa;0eN % HAHT
B5Z LI L7z Y, LisLaTa,06N % Ru(Il) “ KSR TIEAMT 25 2 & T, AlfGIc &
% CO, DX PE~DRITLH VIR THITT 5 2 L 258070, —J7, ek 7 #l
FRzEfby~= 1 7 A A b (CaTaO:N X° LaTaON,) (% [F] USAE THARMEREARE 2 7R & 722
572, LizLaTa,06N O e KD R G, KT TOREMEMENZ L Th D, FEER,
W DN DJEIRFEZEAL TIL, K &35 & Rk D3 KD TR OWIN 238,
BT 5 LW KENRARLEEDFRR I TN D 2,

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

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

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

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

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

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

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

Keywords : Carbon neutrality, Greenhouse gas emission, Enzyme technology; Fermentation
technology
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Synthesis of Useful Chemicals Using Water and Power ('School of Materials and Chemical
Technology, Tokyo Institute of Technology)Olchiro Yamanaka'

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

BRALTFART > v VTR ) el b ), B ia AL CnD. 1.0 V OB EL#H
75 Z L1, AG=96485 J mol™!, #J 100 kJ mol”! M58 S 72 = )L ¥ —2MbLZ UG RS
G925 2 &2 % . A7z & OB AKZ 72 EOBETTH Z W5
e, BAERT AT CESICBLE LKL EEITSEDL Z L TE S, Z Ok
1% 55y 1 [E R B fi#E (Solid Polymer Electrolyte)fi% F\ 7= SPE &EMZIZ#EH L, 7>
[ A A F 2 BB L AL A0 oA T 0 = 22 K 0, AL T 3RO BLE ) DAE & 5 i HEE o
RS ZEFBTE 5 .

Fig. 1 1% SPE Eﬁ’ﬁf{n'fz}l/%ﬂ%b\f_gﬁ&ﬂﬁ}*
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[
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12k AT 7 R A QRS FED ’ coumsorz) TE
OEIERNICHEITT 52 L2 /AHL T D Fig. 1. Scheme of CO, reduction by
Z D XD 7 EMARELVE FH ORI OV T 1‘ the SPE electrolysis cell at 25°C.

~5.

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

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

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

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

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

Keywords : Hydrogen production; Water splitting; Photoelectrochemistry; Photoelectrode

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

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

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

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

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

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

Keywords : Methanol; CO: hydrogenation; Dinuclear complex; Gas-solid phase reaction
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2022, j.checat.2021.11.010. c~°
2.  Onishi, N.; Laurenczy, G.; Beller, M, Step ) Hf) k H—[Ir]

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

317-332.

3. Sordakis, K.; Tsurusaki, A.; Iguchi, M.; X 3. HEE SR
Kawanami, H.; Himeda, Y.; Laurenczy, G.,
Chem. Eur. J. 2016, 22, 15605-15608.
4. Kanega, R.; Onishi, N.; Tanaka, S.;
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Soc. 2021, 143, 1570-1576.
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Contribution of Glass to Society (AGC Inc.) Naoki Sugimoto

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

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

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

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

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

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

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

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

Keywords : Metal-organic frameworks; Glass,; Phase transition; Conductivity; Porosity
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FEEE A TR T AL A FOMRE L L biC, H T AEEE O TEWRLEL A HEE )
(EWNERE B (=18 | TZRonE ) EWAME] 2 822 oME e L TRETT
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1) Metal—organic network-forming glasses, Chem. Rev. 2022, in press.

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

Nano Lett. 2021, 21, 6382.

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

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

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

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

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

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

Keywords : International Year of Glass, Glass, Functionality, Application
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Anti-bacterial and Anti-viral coating for glass by Sol-gel method (N/IPPON SHEET GLASS
CO., LTD.) OMizuho Matsuda

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

Keywords : Anti-bacterial and anti-viral, Sol-gel method, Coating, Glass,
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Review of optically transparent RIS technology for coverage improvement of millimeter and
terahertz waves toward 5G evolution & 6G
(NTT Device Technology Laboratories, NTT Corp.) ODaisuke Kitayama

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

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

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

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

Here, we are mainly focusing on visualization of building glass, which is one of our main
contribution to society, and introducing examples of accurately visualized building glass for
purpose of checking color and aesthetics under variety of conditions including weather and
environment. (Fig.)
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ERZ MRIR & CiEsRk T2 BABRB O NHER > 2 = L— a U EiTE ARG DED
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(Fig.)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Temperature", K. Osada , A. Yamada, T. Ohuchi, S. Yoshida, J. Matsuoka, J. Am. Ceram. Soc., 2020,
103, 6755.
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Microscopic and thermodynamic understanding of atomic diffusion in oxide glass melts under

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

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

Keywords :diffusion; temperature gradient, oxide glass melts; molecular dynamics; Soret effect
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Aoz BEE ) & LTonBEis 2 [V V=2 LRFOY, A « ERDRITIWD TITILE
T D IR < I OBHERFHEAEIC KV | 2 OBREIE 50T > TWHRW, Fox oA
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1) M. Shimizu, et al., Sci. Rep. 2018, 8, 15489.

2) M. Shimizu, et al., J. Chem. Phys. 2021, 154, 074501.
3) L.J.T.M. Kempers, J. Chem. Phys. 2001, 115, 6330-6341.
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Development of functional transparent silica glass with various shape using 3D laser
fabrication method (Global Innovation Center, Kyushu University) OShigeru Fujino

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

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

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

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

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

© The Chemical Society of Japan - B303-3vn-04 -



The Chemical Society of Japan The 102nd CSJ Annual Meeting

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

[W1-3am] Asian International Symposium - Photochemistry -
Chair, Symposium organizer: Jiro Abe, Mikako Ogawa, Osamu Ishitani, Takashi Hirose, Shohei Saito
Fri. Mar 25, 2022 9:00 AM - 11:40 AM W1 (Online Meeting)

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

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

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

[W1-3am-04] Escape from Molecular Flatland: Frustration, Adaptation, and
Cooperation
“Dongwhan Lee' (1. Seoul National University)
10:15 AM - 10:45 AM

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

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

©The Chemical Society of Japan



W1-3am-01 The 102nd CSJ Annual Meeting

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

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

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

[Recent Publications]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

AP-C12 MitoPB Yellow MitoPB Red LAQ1 LipiCo

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

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

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

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

Dongwhan Lee

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

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

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

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

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

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

—_—
frequency

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

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

of molecular triplet sensitization using nanocrystals.
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Molecular Engineering for Manipulating Excited, Charge-Transfer, and Charge-Separated
States (' Graduate School of Engineering, Kyoto University, *WPI-iCeMS, Kyoto University)
OHiroshi Imahori'*

In recent years, the importance of dynamic fluctuations and vibrations in molecular donor—
acceptor systems involved in the excited-state generation, charge separation, and charge
dissociation has gradually been revealed. Accordingly, by focusing on these dynamic effects
on behavior of electrons and spins associated with atomic nucleus and their collective
movements and introducing them into molecular design, we will be able to open up a new
molecular science and creative innovation. On the basis of the progress on the charge-transfer
photochemistry of porphyrin—fullerene linked systems as well as related donor—acceptor ones,
we have launched a transformative research project, “Dynamic Exciton: Emerging Science and
Innovation” where charge-transfer states are manipulated elaborately for energy conversion
such as high-performance organic photovoltaics and organic light-emitting diodes.

Keywords : Excited State; Charge-Transfer State; Charge-Separated State; Photochemistry;
Organic Photovoltaics
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Charge Transfer State Formed at Heterojunction Interface in Polymer Solar Cells (Graduate
School of Engineering, Kyoto University) OHideo Ohkita

Charge transfer states formed at heterojunction interface in polymer solar cells are one of the
most important transient intermediate species, which have a great impact on open-circuit
voltage as well as photocurrent generation in the devices. Herein, I will share with you our
recent study on the improvement in open-circuit voltage based on molecular design of
conjugated polymers for controlling charge transfer state formed at heterojunction interface in
polymer solar cells.

Keywords : Charge Transfer State; Heterojunction Interface; Polymer Solar Cell, Open-
Circuit Voltage, Molecular Design
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1) T. Fukuhara, K. Yamazaki, T. Hidani, M. Saito, Y. Tamai, I. Osaka, H. Ohkita, ACS Appl. Mater.
Interfaces 2021, 13, 34357-34366.
2) 1. Osaka, M. Saito, M. T. Koganezawa, K. Takimiya, Adv. Mater. 2014, 26, 331-338.
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Grasping motions of spins in charge-transfer states ('Molecular Photoscience Research Center
and’Graduate School of Science, Kobe University, Yasuhiro Kobori '

Elucidating donor-acceptor interactions in the field of photochemistry is one of the most
important highlights for applications to the electronics and energy conversions and can be
extended to resolve several medical issues like photodynamic therapy in view of the material
science. “Dynamic exciton”, an umbrella term concept in photochemistry, plays an important
role in several fields and is strongly related to nuclear motions, phonon modes and spin-orbit
interactions in the photochemical phenomena." In this respect, we have developed a novel tool
of the electron spin polarization imaging (ESPI) method that maps the transverse magnetization
for all possible magnetic field directions to visualize molecular conformations of the transient
states in a direct way using the nanosecond time-resolved electron paramagnetic resonance
measurements.” We herein show examples of the “visualizations of motions of spins” by
analyzing the ESPI mappings of the spins in the multiexcitons produced by the intramolecular
singlet-fissions” and in inhomogeneous charge-separated states” in organic solar cell.
Keywords : Organic Solar Cell; Charge-transfer, Singlet Fission; EPR; 3D Visualization
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1) H. Imahori, Y. Kobori, H. Kaji, Manipulation of Charge-Transfer States by Molecular Design:
Perspective from “Dynamic Exciton”. Acc. Mat. Res. 2021, 2, 501-514.

2) Y. Kobori, T. Ako, S. Oyama, et al., Transient Electron Spin Polarization Imaging of Heterogeneous
Charge-Separation Geometries at Bulk-Heterojunction Interfaces in Organic Solar Cells. J. Phys.
Chem. C 2019, 123, 13472-13481.

3) T. Hasobe, S. Nakamura, N. V. Tkachenko, Y. Kobori, Molecular Design Strategy for High-Yield
and Long-Lived Individual Doubled Triplet Excitons through Intramolecular Singlet Fission. ACS
Energy Lett. 2022, 7, 390-400.
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Development of Luminescent Organic Molecules Based on Diverse Charge Transfer States
Synergistically Generated from Molecular Shape and Elemental Property (Graduate School of

Engineering, Osaka University) OYouhei Takeda

The exploration of new photo-functions through controlling charge-transfer excited states
generating from electron donor-acceptor systems is an important research topic for the progress
of photonics and materials chemistry fields. By synergistically utilizing "molecular shape
(conformation)" and "elemental property" to design photofunctional molecules within our
original twisted donor-acceptor-donor scaffold, we have succeeded in developing a variety of
luminescent molecules such as stimuli-responsive thermally activated delayed fluorescence via

charge-transfer states and so on.
Keywords : Charge-Transfer State; Donor-Acceptor; Thermally Activated Delayed
Fluorescence; Stimulus Responsiveness; Conformation

BT KT — T 7872 —%06E U5 EMBENEIREZ I L, #7722 ek
R D Z E1E. L - MEME R T ORBICR DL VWEERETH H, Fx i3
BB LN R — - 7787 % —« KF—RIZBWT, 70K (EE)
&Fm$®$ T | RN TRGHIER D AnD Z & T, EWBENREEZ BT 5
ﬂ@ém qOt PN 2 TR B M 2 e dadi 2 7o BRI LB IEE Ot Vs LUV

=) /ﬁ’é/\% VRIS ETDEERFENL T ORI L=,

was Rt ‘§§“grmk%7 T
recrystallization heat - fuming
+

BUK
BRI EE +
+ RAMAH/IVOIXL

HEAEXAN/IOZ XA
1) Data, P.; Takeda, Y. et al. Angew. Chem., Int. Ed. 2016, 55, 5739. 2) Data, P.; Takeda, Y.; Minakata, S. et al. J.
Am. Chem. Soc. 2020, 142, 1482. 3) Takeda, Y.; Data, P.; Minakata, S. et al. Chem. Sci. 2017, 8, 2677. 4) Takeda,
Y.; Data, P. et al. Chem. Commun. 2018, 54, 6847. 5) Takeda, Y.; Albrecht, K.; Yamamoto, Y. et al. Commun. Chem.
2020, 3, 118. 6) de Silva, P;; Takeda, Y.; Data, P. et al. ACS Appl. Mater. Interfaces 2021, 13,2899. 7) #a# : Takeda,
Y.; Data, P. et al. Chem. Commun. 2020, 56, 8884.
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Artificial Photosynthesis Utilizing Photosensitizers for Hydrogen and Hydrogen Peroxide

Production (Graduate School of Engineering, Osaka City University) O Yusuke Yamada

In order to realize a sustainable society, it is necessary to transform the conventional society
structure that solely relies on fossil fuels into one that focuses on natural energy such as solar
energy. However, sunlight intensity varies greatly with time and season so that energy leveling
technology is required. From this viewpoint, artificial photosynthesis has been attracting much
attention. This presentation will focus on the topics on hydrogen and hydrogen peroxide
synthesis using artificial photosynthesis systems using photosensitizers.

Keywords : Artificial Photosynthesis, Hydrogen Peroxide; Hydrogen, Photosensitizer
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1) H. Tabe, A. Kitase, Y. Yamada, Appl. Catal. B. 2020, 262, 118101.
2) Y. Yamada, H. Tadokoro, S. Fukuzumi, Catal. Today 2016, 278, 303.
3) Y. Yamada, et al. ChemPlusChem, 2016, 81, 521.

4) G. Sakamoto, H. Tabe, Y. Yamada, Catalysts, 2020, 10, 1015.
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Cancer theranostic using optical functions of photosynthetic bacteria (‘Graduate School of
Advanced Science and Technology, Japan Advanced Institute of Science and Technology) O
Eijiro Miyako'

Despite the growing promise of bacterial therapy, due to the tumor targeting effect, in solid
tumor treatment, most conventional therapeutic bacteria exhibit pathogenicity and insufficient
therapeutic efficacy in the tumor milieu. The living photosynthetic bacteria are applied in
cancer theranostics, using near-infrared (NIR) light. Photosynthetic bacteria exhibit strong NIR
reporter fluorescence, powerful photothermal conversion, excellent reactive oxygen species
generation, and contrasting photo-acoustic effects, via the energy transfer system of light
harvesting nanocomplexes in bacterial membranes, making photosynthetic bacteria useful for
highly targeted tumor elimination and precisely marking tumor location with the help of
immune system.

Keywords : Cancer, Photosynthetic Bacteria

RPN O SRS FE 72 FE AR H B A 72 & ONTHE i 2 AR AR AT RE 72 TR IE O BRFE 13, 1R
WRIZBT DEBO AR TH D, AW TIL, KERSRIREE O JESFER BTN T mgiRA 24
T - HPEAN ATRE T, 2y 2B FRPE D @ WO UTARIMEIC & > Thikx ZERE A R HLT 5 JF
FIRPED A B 258 L L7z D, S ORMEZTE T 2 2 & CTHRNOIEE % &
BEREYIZHOE B 2 WEDEE B U EERIEALO A% L— —IREHT 10 20 RAICHE
B9 Z LBARETH D,
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1) Optically activatable photosynthetic bacteria-based highly tumor specific immunotheranostics. X.
Yang, S. Komatsu, S. Reghu, E. Miyako, Nano Today 2021, 37, 101100.
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Material Design and Precise Analysis for Realization of Excellent Organic Light-Emitting
Diodes (Institute for Chemical Research, Kyoto University) OHironori Kaji

Conversion of originally dark triplet excitons into light is very important to realize highly
efficient organic light-emitting diodes (OLEDs) and thermally activated delayed fluorescence
(TADF) materials enable the conversion via reverse intersystem crossing (RISC). However, the
RISC in TADF materials has been slow and the rate-limiting process. Here, we show a new
material design concept realizing very fast RISC with a rate constant (krisc) exceeding 107 s
We also show different two design concepts for excellent OLEDs; one realizes accelerations of
both RISC and radiative decay by dynamic (and/or static) fluctuation effects and the other is
acceleration of RISC by the introduction of sulfur resulting in krisc over 108 s™. T will also talk
about a multiscale simulation method for predicting carrier transport and a high-throughput
material screening method for predicting rate constants of all relevant electronic transitions.
Keywords : OLEDs; TADF; RISC; High-throughput screening, Fermi golden rule

BILHE DN ST 5 LA EB W T = HEpE 2 6 BT 5 Z L1, &2

FORKE EL £ 742 F0T 259 2 TMOTHEETH D, BNEMALIEIEHEL(TADF)IX,
WIAM AR ZZRISCOIC L W DA EFIHEL T2 6 O T, UKL ENILE TR S
AVTLR VE2 b5 2, R Tl TIHFE 0%t - BTN T& 7 d, L
L. RISC I% TADF OH CHEIEIEICH Y | SR T oM _ L3R 7 Lo
BRI D 2 OEIHEEDKRD BTN D, Fox 135, RISC Z a3 % 7 6O D“tilted
face-to-face alignment with optimal distance” (tFFO) & 2417 728 7= 72 oy Faxitadt & 42
KL, FEBEIZ107s! 2 2 % RISC HEER (knso) 2 FEH L7 Y, £7o, Th LTk
%2 OOFFHEH BIRE Lo, 1 Dl Bf(H D5 WIEER)D B EIZ LV RISC L iE
RO FZEmE b TEL 2 2R L2 >0, 9 1 Did, MEEZEATLZ LI
K108 ZHZ2 D knsc ZFEBLLIZ D, M HIZ, ZabI2nz, BRFEZ2 675
TR EE D 72 D 7= 73 high-throughput material screening 7% ¥, FE{af &8 & T D 7=
¥ @ multiscale simulation 15 22 DWW T HFEMT 5,

AR L, BAREMICESEH#: T 5, 7o, AR, ISPS BHfFE
JP20H05840 (AT 28 S pEIBr 22 TENRO =% b > ) ). JP17THO1231(FEARHFFE(A)). K
{etF FEERILEFIH - IEREFE T 7 77 AFIC L VB SN, RIS S
LUK ACCMS D 2 Ra v A7 AEFIA LT,

1) H. Uoyama, K. Goushi, K. Shizu, H. Nomura, C. Adachi, Nature 2012, 492,234. 2) H. Kaji, H. Suzuki,
T. Fukushima, K. Shizu, K. Suzuki, S. Kubo, T. Komino, H. Oiwa, F. Suzuki, A. Wakamiya, Y. Murata,
C. Adachi, Nat. Commun. 2015, 6, 8476. 3) M. Y. Wong, E. Zysman-Colman, Adv. Mater. 2017, 29,
1605444. 4) Y. Wada, H. Nakagawa, S. Matsumoto, Y. Wakisaka, H. Kaji, Nat. Photon. 2020, 14, 643.
5) Y. Wada, Y. Wakisaka, H. Kaji, ChemPhysChem 2021, 22, 625. 6) Y. Wada, K. Shizu, H. Kaji, J. Phys.
Chem. 4 2021, 125, 4534. 7) Y. Ren, Y. Wada, K. Suzuki, Y. Kusakabe, J. Geldsetzer, H. Kaji, Appl.
Phys. Express 2021, 14,071003. 8) K. Shizu, H. Kaji, J. Phys. Chem. 4 2021, 125, 9000. 9) S. Kubo, H.
Kaji, Sci. Rep. 2018, 8, 13462.
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XAFS Q& — XAFS O —f&HLRIE % & Bk
(At R #IaTEm
Introduction to XAFS - its measurement and analysis

(Hokkaido Univ.)oKiyotaka Asakura

XAFS  (X-ray absorption fine structure) spectroscopy is a powerful technique to identify
the local structure and the electronic state of X-ray absorbing atom. It has an element specific
tool and does not require the special measurement environment. Consequently, it is used to
wide fields of chemistry such as catalysis, surface, environmental science and metal complex
dissolved in solution. Advent of the new third generation synchrotron radiation XAFS has
made a great progress in the recent decade. In this short symposium many advanced techniques
are presented. In this talk, I will give an introductory talk about XAFS and provide the
fundamentals of measurements and analysis of XAFS for the convenience to the audience.

Keywords : X-ray absorption fine structure

XAFS(X-ray absorption fine structure ) 53 A1, X BRRIE 7830 O & P <o
TREZRETEHLHNRTIETHD. THRERNFEER L, atEThs 2 L
SOEFRRIEREE (H22) 20 E LW 0D, (LD & 7255 B-filllt, BRET,
i, WP EEAREE—72 ECIAISHENTWS. FL i 3 S e R 23 A
REICZ2 D, Z D 104ERE L ESEXRT T2 KLV RY T AT, & DRSO XAFS
IZOWTERZ 2GR HRE STV D, AREFETIX, XAFS Ot L LT, WIEE LR
Wi\ TR, BINEOHMEOBIFIZ LIz EE S,
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1) HA XAFS WF3E 2R, “XAFS OXEpE L o H” (2017)
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=7 fEEE XAFS O EM & T DIGHA

(A EREN EREEDLRAT e 7 =) Ol |
Fundamental Guidance of High-Energy Resolution XAFS and their Applications ('Japan
Synchrotron Radiation Research Institute) ONaomi Kawamura '

X-ray absorption spectroscopy (XAFS) is one of useful tools to provide information of
chemical states for the specific element. However, the spectrum has a limitation of energy
resolution due to the lifetime effect of core hole. To suppress the limitation, high-energy
resolution fluorescence detection (HERFD)-XAFS method using X-ray emission spectroscopy
has attracted much attention and has been actively used at synchrotron radiation facilities
around the world in recent years. In this presentation, the basic principle of HERFD-XAFS and
its applications will be briefly introduced.

Keywords : X-ray Emission Spectroscopy (XES);, X-ray Absorption Fine Structure (XAFS),
High-Energy Resolution Fluorescence Detected XAFS;

X BRI (XAFS) /otiEiE. 8 &3 2R oWinaF A5 2 &1
L oT (1) EHEBRW, (2) B IGEERIRE IRBICET 2 EHR A2 M &, &
SICETRIFHEERIC X 2R BRI L - T 3) Mk, fEA. B & Vo 7o bseikfe
DPRETEDHAMRFED—>TH D, XAFS BHNEANATOND L)k 72D
I, BRI LD X R X —ORIER G IED I L EIR D L FIRIEDPEIC
Mz &R < IR - B - FESVE &V o TR BE A R IS RRE JT 3R O R T O E
PN T E DRI X BRI SIS (EXAFS) OFIENHENL SN-Z LICHET 5,

XAFS 3 eikiE, W55 TR & 5 g s (XANES) I IREBIZEE T 5
FEMIZR RN E TV D, IERD XAFS 5iE T, £D AT MUEEIXE 7O
bR CTA U 2 NBIEALOFMIBEONR L > TIERCTEZEL D720, FDOZR/LF
— I EREIXHIIR 252 1 T\ 5, ZAUXFER SRR (FFIC X BIET5R) 20 b R &
FCHEEACEGT 2 Z L IXTE RV, —J T, ZOFFmiE ORI 2 I 5 FiE
& LT, il XL (XES) & V=@ = kL X —3fiffE (HERFD)-XAFS 4>
JENER S TR Y . R OB e hiE T AZHIH S 41TV 5([2-5], HERFD-
XAFS 73 ¥iEiE, XBWIGEE CAE U LZNREAZHD S Lo, £k boxb
X —MIZ @ WEN OB 28R (D) L72BRICRAET D X (306 XHR) 2008
fmnZe I L0 B m W R VX — e TR T 5 2 & T XAFS A2 hL %
PG+ HETHD, ZOFETIE, BIRIEL 70 2 Nk EALSRIGEFE TH U 5 Nk
EALEY =R TR WENIZ R D720 FMIEONRIZL D =X L F—DIF
RV S D Z & T, TR F—fREED @ XAFS AT AR LND, K
TR, FEMICIZE I CEONHEE FIC L DRIRIEE, TEVNERD D OHE X B
ERIATHIZE., ZOHRITIREL 2D,

HERFD-XAFS 3 JeikiE, 6k XAFS 436k & bl L T p U F — 5 fREED m
AR MARELILDTET TR, MlEfERIC L D808 X B m =RV X — 0 fFhe
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{CDOBEEZITHZ &Ik > T, flz iR, WA e < & 95 72 XAFS HIE., 58
%% (SSD <° SDD) TIdsr#ff ¢ X 72 vk X #RAFIMH L7 XAFS HIE I & FH AT
L725[6], —H T XESIEZDOLON RN FMETH D L, ZOEZ LT —7fiE
RALIC K DEEDIREIDBGHRE R > TS, TO5RE WIRT 5728, 4, HERFD-
XAFS Z3 I3 05 ki 2 R T 2 mEE L ED STl . HARENTIX
SPring-8 BL39XU (T35 Tl X R0 M OB R T2 [7], A& T
I, HERFD-XAFS 73 YiE D JFEHEL & S BER X ey asofFE N, BLOEnEF]
A LIS AR W TR 5,

Fig. Illustration of X-ray emission spectrometer installed at BL39XU of SPring-8. Right top
and left top show a simple diagram of XAS and XES process and a 2D map of XES spectra
for Ce La, > emission in CeO,, respectively.

1) K. Hamaéldinen, D. P. Siddons, J. B. Hastings, and L. E. Berman, Phys. Rev. Lett. 1991, 67, 2850.

2) P. Glatzel and U. Bergmann, Coord. Chem. Rev. 2005, 249, 65-95.

3) P. Glatzel, A. Haris, P. Maion, M. Sikora, T.-Ch. Weng, C. Guilloud, S. Lafuerza, M. Rovezzi, B.
Detlefs, and L. Ducotté, J. Synchrotron Rad. 2021, 28, 362-371.

4) Y. M. Xiao, P. Chow, G. Boman, L. G. Bai, E. Rod, A. Bommannavar, C. Kenney-Benson, S.
Sinogeikin, and G. Y. Shen, Rev. Sci. Instrum. 2015, 86, 072206.

5) S. Hayama, R. Boada, J. Chaboy, A. Birt, G. Duller, L. Cahill, A. Freeman, M. Amboage, L. Keenan,
and S. Diaz-Moreno, J. Phys.: Condens. Matter 2021, 33, 284003.

6) R. Konagaya, N. Kawamura, A. Yamaguchi, and Y. Takahashi, Chem. Lett. 2021, 50, 1570-1572.

7) N. Kawamura, EBS Workshop on X-ray Emission Spectroscopy, 2019, ESRF, France, P11.
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X{REMEZFAL XAFS A A —S VTt EF DO FIA
(JASRI) OBRHE v

XAFS imaging measurement using X-ray microscopy (Japan Synchrotron Radiation
Research Institute) OOKki Sekizawa

SPring-8 BL37XU is a hard X-ray undulator beamline for trace element analysis and
chemical/elemental imaging dedicated to various X-ray spectroscopy methods such as
scanning X-ray micro-spectroscopy, full-field spectroscopic imaging and ultratrace element
analysis. In this presentation, we introduce the current status of microspectroscopic imaging
methods and their applications.

Keywords : X-ray microscopy, X-ray absorption fine structure, X-ray fluorescence
spectroscopy, X-ray microspectroscopy

SPring-8 BL37XU 1ZEBEE T v ¥ o L—F —J &R & L, 4 teHiNcE L= e
RIZE > THERINTND Z &b X BRBEMIE & XAFS IE & AG b T2 B L
ARA=V U TERLL Da—F =l Lo TR SN TS, AFEFKTIE BLITXU (2
BWTHERHA SN TW DA 2B A A—T 0 7k (F D OBUREZOF|H
Bl ZABIT 5,

EERBEMG A A=V T

ARTIET XBAOENI PR T 2R L TXBREEL L TIT O BB IETH D,
TS RREITE N SN X OV A XL > TREL, REIIRAT —V 2 EHT 5
NI A—=ZZ XS5 THEEIZRETE 5, K55 keV £ TOZFR/LF—FHKTKB
7 —125 % 100 nm OEN E— 2RI FEEL 2> TV D, AFEOFHE L TIxE
HARHEROPFH N AIRE/: 2 & TH D | O FIEIT A~ TR B RUEHOHINE BR 5 0O 1
HPFADILLS oo TNDZ ERBIT LD, AFEORRE LTUIEN, L X BEil
BEOAJEREIZ AT L C 1 1 RS CCERIIT 2 72 O FHAIRF R 23 FE IR & W, 04 T
AT — U % B EN X723 HEHI AT 5 on the fly ROE A 7R LI L B FHRIREH]
OFMET LV 2 Wt XAFS FHUZSBLER) 72 REM CTHHAIATRE & 72 0 | BEICHE SR D = —
—IZ & BAEAM 2D-XAFS FHHHIAFE I TV 5,

SEFRERDHA A=V T

ARFETHE 22 U7z X i 2 SOk g CRHEIT 2B ik Th 5, AF
EORRITRE 2 ERET 5 2 LR <EHIFTEERATHY 1 FICHHITE 28BS
100 um ~ 1 mm &R E VY, 2 LAFEO R A E L TUIERETH DL Z &b
XAFS 5HH 21T 5 72 O ITFE O JE AT @H O XAFS 51| & [FZ% OHIKI RS 5,

g A B 2 WOouH AR CRHIIT 2 2R S HA A — D U FRIE X #AT
BCZEHI D CMOS 1 A Z1Z K 5225 fRaeld 1 pm, SR REIEL 1 72 v 10 ms
FREE & @R IS ATRE & 72 > TV D, BRI 3 RTTRHINC DWW T 1 = v F— b T
O OFHAIEERT A 30 s FREE & BLFEM RG] 2 - — LT XAFS BHRIAATRETH 0 . BE
ICHEE D — P —12 K 5 3 ot XAFS FHAIA E i S LT\ 5,
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SHRBFREEAFEMS A A —T v FEITRE ORI I CE GO FF AR E
D2 IR VPRI RAMEE L, 2 RoTRtaR D F 7 A XL T D22 5 ffHe % 2
KT DIHETHD, EXNFRTE LTI ET I L RARa T oy~ 7 L—
b GRS LTI LAY = T L — F 2 W AT A28l LT
V. ZEfE] 5 fiERE 50 nm TOBEM XAFS FHUIAHEE L 725 T\ 5, HFHR TITITAIL
FEM B DIED X BRO B DR M A2 | IRIERERIZ 1 /7= 1~10s & #&
B L TR 3R < 22 o T DAY, 22 B4 FRBE 3 Yot XAFS FHHl & 320 &
LTW5H,

% 1 SPring-8 BL37XU THEB] L T\ BB YA A — V0 7k

Fik TRAF— 2R iTkog HER M BIE 5 FL A
I 572953
Y 5 ~ 55 keV 100 nm ~ Bz - . N
EAA um~mm R o S AE
A . SRS
a7 5~ 100 keVv 1 um 1 mm 10 ms ~ v/ 4 B
P <
i}gfj} 7~15keV 50 nm ~100 um 1s~ SV SRR
e = =
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BN XBAA—D T FRAWN Y FoOLAA T MOET
(haxa@E#EY) OlE k1

Analysis of lithium-ion batteries using synchrotron X-ray imaging (* Material Foundation
Development Dept., Electrification & Environment Material Engineering Div., Toyota Motor
Corp.) OHisao Yamashige'

We have studied potential distribution in the positive electrode of a Li-ion battery by using
a micro XAFS method. In the previous studies, we observed the three-dimensional
distribution of various Co-oxidation states in LiCoO2 (LCO) active materials. We a so found
that as a LCO electrode is charged, the surface of the electrode is preferentially oxidized than
theinside area.

This study compares the reaction distributions of two different electrodes (LiFePO4 (LFP)
and LCO) during the relaxation. Immediately after the LFP was charged (1C CC charge to
4.3V), the edge of the surface shifted to higher energy than did that of the inside. This
positive shift indicates that the oxidation state of Fe increased with lithium extraction and that
the potential mal-distribution occurred between the surface and inside of the electrode.
24-hour after the charge, the same edge positive shift was also observed in the XANES
spectra of the LFP electrode. These results suggest that the potential mal-distribution in the
entire LFP electrode did not relax in the experimental period. In contrast, the potential
mal-distribution between the surface and inside of a LCO e€lectrode, which existed
immediately after the electrode was charged, did relax 24-hour after the charge, due to the
effect of “potential relaxation”. | shall elaborate on this phenomenon at the conference.
Keywords . Synchrotron Radiation, X-ray Imaging, Lithium-ion Battery

Fxlx, v1 7 v XAFSIEEZHAWT, UV F U LA AU EMOIERRIZI T % EA A
BT, ZHE TOWFSE T, LiCo02 (LCO) IEMEIC fé%ﬁﬁfb%k%%@
BT i 2 BER L C& 2, £72. LCOBMNFTEBEIND &, BROFKE I
ICHARTEEMICRIESND Z L&MW LI LY,
AWFFEClE, 2 MO EM (LiIFePO4 (LFP) & LCO) DRIz IIT 5 Bty Ai
KB I RNEOZEE A L7z, LFPZFKE LI-E#% (4.3V £ TICCC FE). &K
OWILIHE, NERE D bE =R X =~ 7 F LTV, ZOFETFLF—H~D
7 ME. VF T LA G ORBECES T Fe OFIREEN I L, EBOFKE &N
IR W CEBMNOANREAE LI EE2RL TS, FBEND 24 ik, LFP B0
XANES A7 F VT [A UG O @=L X —[ll~D > 7 F R STz, Zh
5 OFERIL, LFP B OE u\ﬁﬂ%%ﬁuﬁﬁéﬂ@#ot;&%rbfwéo

—J5. LCO EMTIX, REELITITRE ENEBIHFEL TWI=EBNMDMAIZB VT,
FeE 4 24 BRI ﬁﬁﬁﬁj®%%ﬂﬁ%ﬂto_@ﬁ%;OWTi WHEE
L < fi#ini 9 5,

1) H.Yamashige, et a. 52" Battery Symposium, Nagoya, 9" Nov 2010.
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Sparse modeling of extended X-ray absorption fine structure

(lKumamoto Univ., *Univ. Tsukuba, 3Aichi SR, *SAGA-LS, >Univ. Tokyo)
Olchiro Akai,' Hiroyuki Kumazoe,' Yasuhiko Igarashi,? Fabio Iesari,’ Kazunori Iwamitsu,'
Toshihiro Okajima,’ Yoshiki Seno,* Masato Okada’

To analyze extended X-ray absorption fine structure (EXAFS) data, we propose a Bayesian
sparse modeling method with basis functions" representing two-body multiple scattering of
photoelectron waves by the Hedin-Lundqvist potential”. This method does not require a
structural model in advance, and we can analyze the respective long-range partial distribution
function with the correct interatomic distances together with identifying the respective
elements. In addition, this method has high noise tolerance and is especially useful for the
materials with weak X-ray absorption and for analysis of severe signal-to-noise ratio EXAFS
data. By applying this method to analyze the EXAFS data measured at the K-edge of Y atoms
in a YO,H, epitaxial thin-film crystal”, the radial distances of the first nearest O atom (Y-O)
and the second nearest Y atoms (Y-Y) were correctly estimated, and the ratio of these radial
distances indicated that the interstitial O-site is tetrahedral® in the fcc lattice structure of Y
atoms. These results are based on the research supported by JST, CREST, JPMJCR1861 and
JPMIJCR1761.

Keywords : EXAFS, Sparse modeling; Bayesian inference, Information criterion

AFEFTlE, Hedin-Lundqvist R 722/ AZEDNE KO 2 KRS ERGILA R T4
JEEBEEL VA VT BER X ARSI S (EXAFS) 7 — Z A RT3 5 A VT 0 e AR —
ZET YA TITOWTHE T D, ZOMHTETIX, MEIOEEET L2 FANI LT,
BRI 7 D e M AR L7 BT IEL W EREE TR EEREO I 0 B o B ke &
W AR CREST 22 L8 FTRE T, 1T, X BRI E 23 99<, SN L3 kLYY EXAFS
T — X DN T D, FT-AMNTIEE, YOH, &% v LR )¢ Y /T
D K WAL IB W TRHIS 2 EXAFS SEFTIZE AL T, % 1 6582 O Ji7-(Y-0) &35 2
Ui Y R OB EERE(Y-Y) ZIELHEEL . £ DA RIEREEO G Y FHD fec
BEFREED T T, O A3 U AR B CHLE T 2 YLD o Tz, AEHORRIE, IST,
CREST, JPMICR1861, JPMICR1761 D3 #4527 FRi2 F-5<,

1) A. Filipponi, J. Phys.: Cond. Mat. 1994, 6, 8415; A. Di Cicco, GNXAS: Extended Suite of Programs
for Advanced X-Ray Absorption Data-Analysis: Methodology and Practice, TASK Publishing,
Gdansk, Poland, 2009.

2) L. Hedin, B. I. Lundqvist, J. Phys. C: Solid State Phys. 1971, 4, 2064.

3) R. Shimizu, H. Oguchi, T. Hitosugi, J. Phys. Soc. Jpn. 2020, 89, 051012.

4) H. Kumazoe, Y. Igarashi, F. Iesari, R. Shimizu, Y. Komatsu, T. Hitosugi, D. Matsumura, H. Saitoh,
K. Iwamitsu, T. Okajima, Y. Seno, M. Okada, I. Akai, AIP Adv. 2021, 11, 125013.
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The development of photodynamic therapy with near-infrared light (!Graduate School of
Engineering, Tokyo Institute of Technology) (OHideya Yuasa

Photodynamic therapy is expected as a mild treatment method for cancer using light. “Just
take an inexpensive sensitizer and receive laser irradiation. You don't have to give up treatment
even in old age.” The key to fulfilling such a dream is the use of near-infrared light that easily
passes through the body. Although the technology for using near-infrared light for cancer
treatment has made great strides, there are still many problems. [ would like to give an overview
of basic knowledge related to near-infrared photodynamic therapy to cutting-edge research,
and explore the future image of this treatment method.

Keywords : Photosensitizer; Photodynamic Therapy, Upconversion; Quantum Entanglement
Two-Photon Excitation

SEFMUTIENAD~ AV RIRIEHE L LT FIRREN IR S TN g, “&
72 A 2 KA TL—F =R 22T 57210, i THIERE2HE HbORI TR
W BRI 2 D8N, R LT WAL ORI S S, RS
N ABRICFIA T 2 NI R R OMESZ LTV D03, E7EE S 2. AT T,
UL ARSI R RPN B 2 FERE R0 & B el DA JE £ TEMBL L, Z OlpiiE
DFFRG AR LTV,

© The Chemical Society of Japan -B103-3am-01 -



B103-3am-02 AA2a B1025S52 (2022)

AFM-IR [ &k % F / R7— LIRS 7 5¢

(ARY—<v - avY LT 7)) B EE
Nanoscale Infrared Spectroscopy by AFM-IR (Nihon Thermal Consulting, Co., Ltd.) ONaoki
Baden

The spatial resolution of infrared spectroscopy is limited to several micrometers due to the
diffraction limit, and it has been difficult to analyze nanoscale microscopic regions. Recently,
nanoscale infrared analysis has become possible by combining an infrared laser and AFM
(Atomic Force Microscopy). One of the nanoscale infrared spectroscopy, AFM-IR, achieves
nanoscale spatial resolution by detecting the thermal expansion of the sample surface due to
infrared light absorption with an AFM probe with a tip diameter of several 10's nm. Unlike
other methods based on near-field irradiation, AFM-IR has the advantage that the knowledge
of conventional infrared spectroscopy can be applied, due to directly utilizing absorption
phenomenon. The spatial resolution of AFM-IR is mainly determined by the contact area
between the tip of the AFM probe and the surface of the sample, the horizontal thermal
diffusion distance in the sample, and the mechanical properties of the sample. If a thin film
sample is on a substrate that has high thermal conductivity and does not absorb infrared light,
the heat can be released to the substrate side to suppress horizontal heat diffusion, and the
influence of the mechanical properties of the sample is also small, so the spatial resolution
becomes high. The spatial resolution of about 20 nm or less has been reported. The AFM-IR
has been applied to structural analysis of various materials such as polymer blends,
biomolecules, and two-dimensional materials ". In addition to contact mode, it is possible to
measure in tapping mode and peak force tapping mode.

We applied AFM-IR to the structural analysis of a buried metal-polymer interface, which has
been difficult to analyze without peeling. Information on the chemical composition and
interaction of the metal-polymer interface is important from the viewpoint of adhesion,
corrosion and insulation. The sample including hard materials such as the metal substrate is
difficult to be thinned, so a thick cross-sectioned sample has been measured. We have shown
that by preparing a sample with a low-angle microtomy, it is possible to analyze with higher
spatial resolution than before. The measured sample is the interface between the copper wire
and the epoxyacrylate layer of a flexible printed circuit taken from a digital camera. The
infrared spectrum of the carboxylate was obtained at the interface without signal contamination
from the adjacent epoxyacrylate. Mapping measurements also revealed that the carboxylate
formed an interface layer (interphase) with a thickness of approximately 130 nm. The principle,
instrumental outline, and several applications of AFM-IR will be presented.

Keywords : AFM-IR; Nanoscale, Infrared Spectroscopy, Interface; Chemical Structure
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1) A. Dazzi, C. Prater, Chem. Rev. 2017, 117, 5146.
2) N. Baden, Appl. Spectrosc. 2021, 75, 901.
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Potential for chemical applications of terahertz light (RIKEN Center for Advanced Photonics)
OHiromichi Hoshina

Terahertz (THz) light is an electromagnetic wave with a frequency around 1 THz (10'? Hz).
THz frequency lies in the boundary region between radio waves and optical light and has
properties of both. As radio-wave, THz wave shows high permeability to soft materials such as
plastics and papers. On the other hand, as light, THz light shows rectilinear propagation, which
enables imaging using lenses and mirrors. In addition, the spectral information of THz light
from a material provides rich information about structure.

Spectra in the THz frequency region reflect material structures, and the spectra can be used as
"fingerprints" for materials. Since THz light can transmit soft materials, THz spectroscopy can
be used for nondestructive inspections. For example, in the field of safety and security
applications, the use of THz spectroscopy has been proposed for the non-invasive inspection
of illegal drugs in the envelopes using fingerprint spectra of chemicals. In the field of cultural
heritage protection, pigments underneath paintings are identified. In the field of infrastructure
aging inspection, corrosion under the coatings is detected.

Since such THz spectral structure originates in the intermolecular structures rather than
molecular structures, the spectral shape depends on the phase of materials. In the gas phase,
molecular rotation is observed; in liquids, rotational relaxation and libration are observed; and
in solids, intermolecular vibration and phonon bands are observed. For crystalline organic
materials, characteristic peaks reflecting the crystal structure are observed. Therefore, slight
changes in crystal structure or crystallinity can be directly observed from the spectra. For
example, THz spectroscopy can be used to monitor crystal polymorphism in the pharmaceutical
field and to observe the higher-order structure of polymers in the polymer field.

One of the characteristics of THz spectroscopy is its high sensitivity to water; the absorption
intensity of water in the THz band is quite high, making it possible to detect minute amounts
of water. The spectra of water in the THz region show rotational relaxation, intermolecular
vibrations, and libration, which provides information of the dynamics of water molecules. THz
spectroscopy can be used to observe the spectra of small amounts of water, such as bound water
in polymers, and to elucidate their dynamics.

In this talk, the fundamental of THz spectroscopy will be demonstrated, and the potential of
chemical applications of THz light will be discussed.

Keywords : Terahertz, Spectroscopy, Imaging
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Terahertz Non-Destructive Testing for Social Infrastructures and Waste Plastic Recycling
(!Department of Engineering and Design, Shibaura Institute of Technology) Tadao Tanabe!

Terahertz waves have the characteristics of radio waves, such as high penetrability to non-
polar materials of concrete and plastic, as well as the characteristics of light, such as
straightness. By taking full advantage of these characteristics of terahertz waves, the inside of
concrete infrastructures can be inspected nondestructively. In addition, the fluctuation of the
molecular chains that construct plastics is equivalent to the energy of terahertz waves, so it is
possible to evaluate not only the material of polymers but also the degree of mechanical
deformation and degradation.

Keywords : non-destructive inspection, concrete infrastructure, plastic waste
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1) Sub-terahertz imaging of defects in building blocks. Y. Oyama, L. Zhen, T. Tanabe and M. Kagaya,
NDT&E International 42 (2009) 28.

2) Polarization sensitive THz absorption spectroscopy for the evaluation of uniaxially deformed ultra-
high molecular weight polyethylene. T. Tanabe, K. Watanabe, Y. Oyama, K. Seo, NDT&E International
43 (2010) 329.

3) Terahertz detection of halogen additive-containing plastics. T. Tanabe, Y. Makino, A. Shiota, M.
Suzuki, R. Tanuma, M. Miyajima, N. Sato, Y. Oyama, Optics and Photonics Journal 10 (2020) 265-272.
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Characterization of Water Dynamics Using Terahertz Spectroscopy ('Graduate School of
Agriculture, Kyoto University, *PREST, Japan Science and Technology Agency) OKeiichiro
Shiraga'?

Life has evolved by acquiring the ability to adapt to water following the emergence of the
first life forms in our oceans approximately 3.8 billion years ago, there are still many
unexplored avenues in the study of molecular mechanisms in water, which makes up over 70%
of the weight of mammalian cells. In this work, picosecond to sub-picosecond dynamics of
liquid water are characterized with terahertz (10''~10" Hz) spectroscopy, and quantitative
information on hydration water, which is essential to function biological macromolecules, is
discussed based on dielectric responses in the terahertz region.

Keywords : Water; Hydrogen Bond; Hydration; Terahertz Spectroscopy
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1) Highly precise characterization of the hydration state upon thermal denaturation of human serum
albumin using a 65 GHz dielectric sensor. K. Shiraga et al., Phys. Chem. Chem. Phys. 2020, 22, 19468.
2) Dielectric relaxation spectroscopy of lysozyme aqueous solutions: Analysis of the d-dispersion and
the contribution of the hydration water. C. Cametti ef al., J. Phys. Chem. B 2011, 115, 7144.

3) Hydrogen bond network of water around protein investigated with terahertz and infrared spectroscopy.
K. Shiraga et al., Biophys. J. 2016, 111, 2629.
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Application of a terahertz chemical microscope (' Graduate School of Interdisciplinary Science
and Engineering in Health Systems, Okayama University, *Okayama university hospital) O
Toshihiko Kiwa', Yuichi Yoshida', Ding Xue', Sayaka Tsuji', Kohei Iwatsuki', Katsuya
Taniizumi', Jin Wang', Kenji Sakai', Hirofumi Inoue’

A terahertz chemical microscope has been developed to measure various chemical reactions
in a small volume of liquid using an electric potential-terahertz transducer made from a
semiconductor film on a sapphire substrate. The terahertz microscope can selectively detect
various kinds of materials by forming specific chemical reaction systems on the transducer. In
our group, we have demonstrated detection of e.g., sodium and potassium ions, and histamine
using the terahertz chemical microscope. In this presentation, a principle of the terahertz
chemical microscope followed by its biological applications is introduced.

Keywords : terahertz chemical microscope, electric potential, femtosecond laser
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1) A Versatile Terahertz Chemical Microscope and Its Application for the Detection of Histamine. Jin
Wang, Kosuke Sato, Yuichi Yoshida, Kenji Sakai, and Toshihiko Kiwa, Photonics 2021, 9(1), 26.
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