Thu. Mar 23, 2023

K402

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

[K402-2am] The frontier of researches and

development in PCP/MOF
Chair, Symposium organizer: Ryu Abe, Satoshi Horike, Shuhei
Furukawa, Susumu Kitagawa
9:00 AM - 11:40 AM K402 (K402, Lecture Hall Bldg. [4F])

[K402-2am-01] Recent Trends in Chemistry and
Functional Development of PCP/MOFs
OKITAGAWA Susumu’ (1. Kyoto University)
9:05 AM - 10:05 AM

[K402-2am-02] New aspects in 2D-PCPs/MOFs/COFs
ORyota Sakamoto' (1. Tohoku University)
10:10 AM - 10:40 AM

[K402-2am-03] Fabrication of soft materials based on
PCP/MOF
OFurukawa Shuhei' (1. Kyoto Univ)
10:40AM -11:10 AM

[K402-2am-04] Continuous synthesis and morphology
control of PCP/MOF utilizing spraying
droplets
OMasaru Kubo' (1. Hiroshima University)

11:T0 AM - 11:40 AM

K401

Symposium | Co-Innovation Program (CIP) | New Trends in Materials
Informatics and Their Practical Applications

[K401-2am] New Trends in Materials Informatics

and Their Practical Applications
Chair, Symposium organizer: Nobuyuki Zettsu, Tadashi Taniguchi
9:00 AM - 11:40 AM K401 (K401, Lecture Hall Bldg. [4F])

[K401-2am-01] Recent development of the atom-resolved
electron microscopy
OYuichi Ikuhara?® (1. University of Tokyo, 2.
Japan Fine Ceramics Center, 3. Tohoku
University )
9:05 AM - 9:50 AM

[K401-2am-02] Applications of material development
using Computing as a Service with Digital
Annealer, HPC and Al
CHdeyuki Jippo' (1. Fujitsu Limited)
9:50 AM - 10:20 AM

[2K40101-04-4add] Incubation Time
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10:20 AM - 10:30 AM
[K401-2am-03] Data-Driven Discovery for Organic-
Inorganic Hybrid Materials.
OTomoyasu Yokoyama1 (1. Panasonic
Holdings Corporation)
10:30 AM - 11:00 AM
[K401-2am-04] Application of informatics methods to
material science
Ovuta Tsuji' (1. Kyushu University)
11:00AM - 11:30 AM
[2K40101-04-7add] Incubation Time

11:30AM - 11:40 AM

K405

Symposium | Co-Innovation Program (CIP) | New trends in photovoltaics:
progresses and future developments

[K405-2am] New trends in photovoltaics: progresses

and future developments
Chair, Symposium organizer: Hisanori NAGATOMI, Shigeru lkeda,
Tsutomu Miyasaka, Yutaka Matsuo
9:00 AM - 11:40 AM K405 (K405, Lecture Hall Bldg. [4F])

[K405-2am-01] Tin perovskite solar cells-Current status
and future directions-
OShuzi Hayase Hayase1 (1. The University of
Elector-Communications)
9:10 AM - 10:00 AM

[2K40501-04-3add] Incubation Time

10:00 AM - 10:10 AM

[K405-2am-02] Efforts to enhance the photovoltage of
perovskite photovoltaic devices and
development of flexible modules
CTsutomu Miyasaka1 (1. Toin University of
Yokohama)
10:10 AM - 10:40 AM

[K405-2am-03] Solar cells with wide wavelength
sensitivity using colloidal nanocrystals
OTakaya Kubo1, Wang Haibin1, Hiroshi Segawa1

(1. The University of Tokyo)

10:40 AM-11:10 AM

[K405-2am-04] The future of electric based vehicles
opened up by vehicle-integrated
photovoltaic modules
OTaizo Masuda' (1. Toyota Motor
corporation)

11:T0 AM - 11:40 AM



K402

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

[K402-2pm] The frontier of researches and

development in PCP/MOF
Chair, Symposium organizer: Ryu Abe, Satoshi Horike, Shuhei
Furukawa, Susumu Kitagawa
1:00 PM - 3:40 PM K402 (K402, Lecture Hall Bldg. [4F])

[K402-2pm-01] The Newest PCP/MOF Commercialization
Trends, Spring 2023
OMasakazu Higuchi' (1. Kyoto University)
1:00 PM - 1:30 PM

[K402-2pm-02] Instant deodorant product using
PCP/MOF
©OHARA Shokichi', WAKI Kouichi’ (1. Ohara
Paragium Chemical Co., Ltd.)
1:30 PM - 2:00 PM

[K402-2pm-03] Adsorption separation processes utilizing
gate adsorption behavior on flexible
PCPs/MOFs
OShotaro Hiraide' (1. Department of
Chemical Engineering, Kyoto University)
2:10 PM - 2:40 PM

[K402-2pm-04] Development of Rechargeable Batteries
Using PCP/MOF as Cathode Active
Materials
OHirofumi Yoshikawa' (1. Kwansei Gakuin
University)
2:40PM - 3:10 PM

[2K40205-08-6add] Incubation Time

3:10 PM - 3:35PM

K405

Symposium | Co-Innovation Program (CIP) | New trends in photovoltaics:
progresses and future developments

[K405-2pm] New trends in photovoltaics:

progresses and future developments
Chair, Symposium organizer: Hisanori NAGATOMI, Shigeru lkeda,
Tsutomu Miyasaka, Yutaka Matsuo
1:00 PM - 3:40 PM K405 (K405, Lecture Hall Bldg. [4F])

[K405-2pm-01] Development of next-generation
technologies to make photovoltaic power
generation the primary power source
©Noritaka Usami' (1. Nagoya University)

1:00 PM - 1:50 PM

[2K40505-08-2add] Incubation Time
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1:50 PM - 2:00 PM

[K405-2pm-02] Trends in Research and Development of
CulnSe, (CIS)-Based Photovoltaic Solar
Cells
©SHOGO ISHIZUKA! (1. AIST)
2:00 PM - 2:30 PM

[K405-2pm-03] Current Status and Prospects of Cu,0
Tandem Solar Cells
OSoichiro Shibasaki1, Naoyuki Nakagawa1,
Yuya Honishi1, Yukitami Mizuno1, Mutsuki
Yamazaki1, Atsushi Wada1, Sara Yoshio1,
Yasutaka Nishida', Kanta Sugimoto’, Junji
Sano1, Maho Hayase1, Kazushige Yamamoto'

(1. Toshiba Corporation)

2:30 PM - 3:00 PM

[K405-2pm-04] Organic Solar Cells Based on
Functionalization of Nanocarbon
Materials
OYutaka Matsuo' (1. Nagoya University)
3:00 PM - 3:30 PM

[2K40505-08-6add] Incubation Time

3:30 PM - 3:40 PM

K401

Symposium | Co-Innovation Program (CIP) | New Trends in Materials
Informatics and Their Practical Applications

[K401-2pm] New Trends in Materials Informatics

and Their Practical Applications
Chair, Symposium organizer: Kenji Hara, Kozo Tamura
1:20 PM - 3:40 PM K401 (K401, Lecture Hall Bldg. [4F])

[K401-2pm-01] From Materials Informatics to Process
Informatics
OMikiya Fujii' (1. Nara Institute of Science
and Technology)
1:20 PM - 1:50 PM

[K401-2pm-02] Implementation of Neural Network
Potential
OSatomichi Nishihara' (1. AdvanceSoft
Corp.)
1:50 PM - 2:20 PM

[2K40105-08-3add] Incubation Time

2:20 PM - 2:30 PM

[K401-2pm-03] Interdisciplinary utilization of scientific
principles for materials R&D: Materials
Curation®

OMichiko Yoshitake' (1. National Institute for



Materials Science)
2:30 PM - 3:00 PM
[K401-2pm-04] Possibility of replacing high-throughput
first-principles calculation by machine
learning
OHISATSUGU YAMASAKI' (1. TOYOTA
MOTOR CORPORATION)
3:00 PM - 3:30 PM
[2K40105-08-6add] Incubation Time
3:30 PM - 3:40 PM

Symposium | Co-Innovation Program (CIP) | New Trends in Materials
Informatics and Their Practical Applications

[K401-2vn] New Trends in Materials Informatics and

Their Practical Applications
Chair, Symposium organizer: Kenji Hara, Nobuyuki Zettsu
4:10 PM - 5:00 PM K401 (K401, Lecture Hall Bldg. [4F])

[K401-2vn-01] MI Software System and Applications for
Finding Physicochemical Features that
Improve Material Properties
OShiori Nagai' (1. SHIMADZU
CORPORATION)
4:10 PM - 4:40 PM

[2K40109-09-2add] Discussion

4:40 PM - 5:00 PM

K405

Symposium | Co-Innovation Program (CIP) | New trends in photovoltaics:
progresses and future developments

[K405-2vn] New trends in photovoltaics: progresses

and future developments
Chair, Symposium organizer: Hisanori NAGATOMI, Shigeru lkeda,
Tsutomu Miyasaka, Yutaka Matsuo
4:10 PM - 5:20 PM K405 (K405, Lecture Hall Bldg. [4F])

[K405-2vn-01] Exploration of Organic Photovoltaic
Materials based on Machine Learning and
Microwave Spectroscopy
OAkinori Saeki' (1. Osaka University)
4:10 PM - 4:40 PM

[K405-2vn-02] Current Status and Future Prospects for
Organic Photovoltaics
Oltaru Osaka' (1. Hiroshima University)

4:40 PM - 5:10 PM

Symposium | Medium and Long-Term Program | Frontier of new paradigm
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of molecular systems chemistry - Elucidating mechanisms of concerted
molecular functions

[K403-2pm] Frontier of new paradigm of molecular
systems chemistry — Elucidating
mechanisms of concerted molecular

functions
Chair, Symposium organizer: Kunihiko Ishii, Shun-Ichi Ishiuchi
1:00 PM - 3:40 PM K403 (K403, Lecture Hall Bldg. [4F])

[K403-2pm-01] Coherent vibrations and structural change
dynamics of luminescent molecular
assemblies
OMunetaka lwamura' (1. Toyama University)
1:05PM - 1:35PM

[K403-2pm-02] Light-driven self-oscillatory crystal —
Concerted mechanical function
generated in a reaction system with
varying kinetic rate constants
OYoshiyuki Kageyama' (1. Hokkaido
University)
1:35PM - 2:05 PM

[K403-2pm-03] Single-molecule imaging of flexible
biological molecules in action by high-
speed atomic force microscope
ONoriyuki Kodera' (1. Kanazawa Univ.)
2:05 PM - 2:35 PM

[K403-2pm-04] Neuronal cargo trasnport by multiple
motor proteins
OKumiko Hayashi' (1. Tohoku University)
2:35PM - 3:05 PM

[K403-2pm-05] Autonomous Disassembly of Circadian
Clock System at Dawn
OShuji Akiyama'? (1. IMS, 2. SOKENDAI)
3:05PM - 3:35PM

C1311

Symposium | Asian International Symposium | Asian International
Symposium - Inorganic Chemistry / Coordination Chemistry and
Organometallic Chemistry -

[C1311-2am] Asian International Symposium -
Inorganic Chemistry / Coordination
Chemistry and Organometallic

Chemistry -
Chair, Symposium organizer: Aiko Fukazawa, Hisako Hashimoto,
Shigeyuki Masaoka, Shintaro Ida, Takahiko Kojima
9:00 AM - 11:40 AM C1311 (1311, Bldg. 13 [1F] + Zoom)

[C1311-2am-01] A new strategy for gas purification using

Ni/PoxIlm complexes or frustrated Lewis



pairs
OYoichi Hoshimoto' (1. Faculty of
Engineering, Osaka University)
9:00 AM - 9:20 AM

[C1311-2am-02] Biomimetic Metal-Oxygen Intermediates
in Dioxygen Activation and Formation
Chemistry
OWonwoo Nam' (1. Ewha Womans
University)
9:20 AM - 9:50 AM

[C1311-2am-03] Bond cleavage and catalysis based on
nucleophilic activation via metal — Z-
type ligand interaction
OHajime Kameo' (1.Osaka Metropolitan
University)
9:50 AM - 10:10 AM

[C1311-2am-04] Catalytic Reduction of CO2 based on
molecular Fe, Co and Cu complexes
OTAI CHU LAU" (1. City University of Hong
Kong)
10:20 AM - 10:50 AM

[C1311-2am-05] Electrosynthesis-coupled CO, reduction
and hydrogen evolution reactions
OJianlin Shi' (1. Shanghai Institute of
Ceramics, Chinese Academy of Sciences)
10:50 AM - 11:20 AM

[C1311-2am-06] Exploring spin functions in metal-
organic frameworks
ONobuhiro Yanai' (1. Kyushu University)
11:20 AM - 11:40 AM

Symposium | Asian International Symposium | Asian International
Symposium - Inorganic Chemistry / Coordination Chemistry and
Organometallic Chemistry -

[C1311-2pm] Asian International Symposium -
Inorganic Chemistry / Coordination
Chemistry and Organometallic
Chemistry -

Chair, Symposium organizer: Hisashi Shimakoshi, Jumpei Ueda,
Ryotaro Matsuda, Teppei Yamada, Yoshiaki Nishibayashi, Yuichi
Negishi

1:00 PM - 3:40 PM C1311 (1311, Bldg. 13 [1F] + Zoom)

[C1311-2pm-01] Microenvironment Modulation in Metal-
Organic Framework-Based Catalysis
OHai-Long Jiang' (1. University of Science
and Technology of China)
1:00 PM - 1:30 PM
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[C1311-2pm-02] Highly Selective and Efficient Uranium
Extraction from (Sea)Water by Porous
Materials: Clean Energy and Safe
Drinking Water
OSUJIT GHOSH' (1. IISER Pune, India)
1:30 PM - 2:00 PM

[C1311-2pm-03] Supramolecular framework catalyst:
New strategy for small/organic molecule
transformations
OMio Kondo'? (1. Graduate School of
Engineering, Osaka University, 2. JST
PRESTO)
2:00 PM - 2:20 PM

[C1311-2pm-04] Catalytic application of atomically
precise metal nanoclusters
OYAN ZHU" (1. Nanjing University)
2:30 PM - 3:00 PM

[C1311-2pm-05] Exploring New Compounds from Oxides
to Organic-Inorganic Hybrids
OTakafumi Yamamoto' (1. Tokyo Institute of
Technology)
3:00 PM - 3:20 PM

[C1311-2pm-06] Structural Chemistry and Photofunctions
of Multinuclear Complexes of Typical
Elements
OToshikazu Ono™? (1. Graduate School of
Engineering, Kyushu University, 2. Center for
Molecular Systems (CMS), Kyushu
University)

3:20 PM - 3:40 PM

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

[K403-2am] XAFS for Chemists— Basic Guidance
and the Cutting-Edge Applications

Chair, Symposium organizer: Hikaru Takaya, Tetsuo Honma
9:00 AM - 11:40 AM K403 (K403, Lecture Hall Bldg. [4F])

[K403-2am-01] Fundamentals of XAFS
CTetsuya Shishido"?* (1. Tokyo Metropolitan
University, 2. ESICB, Kyoto University, 3.
ReHES, Tokyo Metropolitan University)
9:05 AM - 9:55 AM

[K403-2am-02] Analysis of metal oxide cluster catalysts by
in-situ XAFS

Oseiji Yamazoe'? (1. Tokyo Metropolitan



University, 2. PRESTO)
9:55 AM - 10:25 AM

[K403-2am-03] XAFS analysis of flow-synthesized core-
shell nanoparticle catalysts
Ovuta Hashiguchim, Isao Nakamura3, Tetsuo
Honma®*, Toshiyuki Matushita', Haruno
Murayamaz, Makoto Tokunagaz, Tadahiro
Fujitani® (1. UBE Corporation, 2. Kyushu
University, 3. AIST, 4. JASRI)
10:25 AM - 10:50 AM

[K403-2am-04] Application of XAFS in organometallic
chemsitry
Ovuta Uetake?* (1. Osaka University, 2. ICS-
OTRI Osaka Univ., 3. RIKEN BDR)
10:50 AM - 11:15 AM

[K403-2am-05] Operando XAFS imaging analysis of real
solid materials
CHirosuke Matsui' (1. NagoyaUniversity)

11:15 AM - 11:40 AM

K102

Symposium | Special Program | Frontier in photochemistry: interplay of
syntheses, measurements, and functions!

[K102-2pm] Frontier in photochemistry: interplay of
syntheses, measurements, and
functions!

Chair, Symposium organizer: Akinori Saeki, Hiroko Yamada,

Yutaka le
1:00 PM - 3:40 PM K102 (K102, Lecture Hall Bldg. [1F])

[K102-2pm-01] Synthesis and Properties of
Perfluorocubane with Electron Affinity
OMidori Akiyama' (1. Kyoto University)
1:00 PM - 1:20 PM

[K102-2pm-02] Light-Driven Radical Organocatalysis
OHirohisa Ohmiya' (1. Kyoto University)
1:20 PM - 1:45 PM

[K102-2pm-03] Identification of a Self-Photosensitizing
Hydrogen Atom Transfer Organocatalyst
System
OHarunobu MITSUNUMA'2, Hiromu FUSE’, Yu
IRIE', Masaaki Fuki®, Yasuhiro KOBORF,
Kosaku KATO*, Akira TAMAKATA*, Masahiro
HIGASHI®, Motomu KANAI" (1. The Univ. of
Tokyo, 2. JST PRESTO, 3. Kobe Univ., 4. Toyota
Technological Institute, 5. Kyoto Univ.)

1:45 PM - 2:05 PM
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[K102-2pm-04] Photoregulation of the Membrane
Potential of Living Cells with Ferrocene-
Porphyrin-Fullerene-Linked Molecules
OTatsuya Murakami'? (1. Toyama Pref. Univ.,
2. Kyoto Univ.)
2:05PM - 2:30 PM

[K102-2pm-05] Visible-to-UV photon upconversion
ONobuhiro Yanai' (1. Kyushu University)
2:30 PM - 2:55 PM

[K102-2pm-06] Ultrapure Multi-Resonance Thermally
Activated Delayed Fluorescence Materials
for Highly Efficient Organic Light-Emitting
Diodes
OSusumu Oda1, Bungo Kawakami1, Yuki
Yamasaki1, Masaru Horiuchim, Takuji
Hatakeyama2 (1. Kwansei Gakuin University,
2. Kyoto University)
2:55PM - 3:15 PM

[K102-2pm-07] Role of Molecular Orientation and
Structural Disorder in Organic Electronic
Devices
OKeisuke Tajima', Kyohei Nakano' (1.RIKEN

CEMS)

3:15 PM - 3:40 PM
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Symposium | Co-Innovation Program (CIP) | The frontier of researches and development in PCP/MOF

[K402-2am] The frontier of researches and development in PCP/MOF

Chair, Symposium organizer: Ryu Abe, Satoshi Horike, Shuhei Furukawa, Susumu Kitagawa
Thu. Mar 23, 2023 9:00 AM - 11:40 AM K402 (K402, Lecture Hall Bldg. [4F])

[K402-2am-01] Recent Trends in Chemistry and Functional Development of
PCP/MOFs
OKITAGAWA Susumu' (1. Kyoto University)
9:05 AM - 10:05 AM
[K402-2am-02] New aspects in 2D-PCPs/MOFs/COFs
ORyota Sakamoto' (1. Tohoku University)
10:10 AM - 10:40 AM
[K402-2am-03] Fabrication of soft materials based on PCP/MOF
OFurukawa Shuhei' (1. Kyoto Univ)
10:40 AM - 11:10 AM
[K402-2am-04] Continuous synthesis and morphology control of PCP/MOF utilizing
spraying droplets
OMasaru Kubo' (1. Hiroshima University)
11:10 AM - 11:40 AM
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K402-2am-01 BALZS B1035SF4 (2023)

PCP/MOF #4#4 DL & B RERAR D = FTEN A

CRRESERFZERE iCeMS) O4b)Il
Recent Trends in Chemistry and Functional Development of PCP/MOFs
(iCeMS, Institute for Advanced Study, Kyoto University)OSusumu Kitagawa

The current status and prospects of the chemistry and applications of 2nd to 4th
generation-type MOFs are discussed. The 3rd generation MOFs (Flexible MOFs) are flexible
porous frameworks that respond reversibly to external stimuli. Flexible MOFs have great
potential as new porous materials with high selectivity, efficient storage, catalytic, sensing,
and actuator functions in addition to conventional storage. The 4th generation MOFs with
“HAD?” attributes are rapidly developing and discussed, including their prospects. Details are
quickly growing and are discussed, including their prospects.

Keywords: Porous Coordination Polymer, Metal-Organic Framework, Storage, Separation,
Sensing

1990 FREYETHERI NI, RBA AL EHHS T LY 25BN ER Y hT—2
EEWIE, 7 A M2 U CIIEEDORENE T E1HR) . —F. I EMHELHE
Frd 5% E CRE R ERK AR L TW5HEH 2 iRYEAWIL. PCP/MOF & M3, A5 A
ELTHERAT 2 ENTE, EERRSES T/ ML TEZX LTS (KT
[IMOF & LTHEATT5) o LISKE, ZERZMOFHEIS S AR S (7 HREIC KA TWD) |
Z DOWFFEIE3 > DR (22 ifE, ZAUEREM, 2ERR)ICER LTHRESN TE T,
BIZIE 7000 m*/gZ2 M8 A HEKEFEZ b ORWOERROBOMFAH 5, 2O & 9 efek
DOMBHZ AR TENT R E RS2 &6, MOF (TEEZ 6> THIz bz, LIk,
FAIZHT T, MOF (2B 228D Fn A EERNC HFE ST & 7o, 5 3 AR
MOF (Flexible MOFZ 7=1%Soft porous crystal) 3%, FT#MEOHHLZILE 7 L —L T
— 27 TV, NS ORI RN INE T D, ALFRIRRIRZZ T T < WERY
7RFINR L B oD CE 2 HAROMOF & 125472 %, Flexible MOFIL. 1#% DORFHLISMI &, HE
DTEVEIUE, @SRRI, AESRE, B v e, T/ Tz — X — e %
BT D08 L TRERFREMEZMO TN D, AFETILE 2 ~ 3 tHAMOFO{L:
CIGH, ZO%OE 4 HEARMOF AT LIFSREE S 50 Tk~ 257",

1) S.Horike and S.Kitasgawa, Nature Chemistry, 2009,1,695. Soft Porous Crystal

2) N.Hosono, S.Kitagawa, et al.,Angew. Chem.Int. Ed., 2020, 59, 15325. Review article for dynamic
MOF

3)S.Kitagawa, Angew.Chem.Int.Ed., 2015, 54,10687. Editorial for 3rd and 4th generation

4)S.Kitagawa, Acc.Chem.Res., 2017,50,514. Commentary for 4th generation

5) S.Horike, S.Kitagawa, et al.,Angew. Chem.Int. Ed., 2020, 59, 6652. Review article for melting

MOF

6) S.Horike and S.Kitagawa, Nature Materials,2022,21,983. Development of Porous Materials and their
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future prospect
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K402-2am-02 BAL2S H1035SF2 (2023)

— k3t PCPs/MOFs/COFs M ¥ ERd

CRAERPeE) O BAR!
New aspects in 2D-PCPs/MOFs/COFs (!Graduate School of Science, Tohoku University) O
Ryota Sakamoto'

Nanosheets, two-dimensional materials whose ultimate thickness reaches monatomic layers,
are attracting attention as novel nanomaterials, and electronics, spintronics, and photonics
using nanosheets as active materials are being vigorously studied to bring about breakthroughs.
Currently, the mainstream nanosheets are inorganic nanosheets represented by graphene and
transition metal dichalcogenides. The rise of inorganic nanosheets has also accelerated research
on their counterparts, molecular nanosheets, which include organic constituents. Among PCPs,
MOFs, and COFs, those with two-dimensional structures are a kind of molecular nanosheets,
and their research is being promoted from both basic and applied aspects, including their
stacked form. In this presentation, the speaker will discuss two-dimensional PCPs, MOFs, and
COFs, focusing on the speaker's research results.

Keywords : 2D Material; Nanosheet;, PCP; MOF; COF

GERRI 72 S BRI T D e E T o — b BT 2 MERE LT
FEHEEDTEY  F /= aEWE LT H=L Y fu=J R A fa =7 A
TH M= ANT A 7 AN—% T2 b T XAFNTHIE STV D, BIFEE RO
F = ME T T o REBBER Y LAl = IR ENLHER S ) > — T
b5, BT ) — NOBERKIX, A TE2E 2 —— R NThoha T/
— N OFZE S IE LTV 5, PCPs/MOFs/COFs D 9 b, —IRITHEE 2 A+ 2 WE i
3T = FO—HETH U | £ OREEIR &5 0 IS H O W 7)> D AF7E 23 HEdE
STV D, AFHTIX, & OFFEAE A .02, kIt PCPs/MOFs/COFs (2D
TEET D,

1) J. Guan et al. ACS Catal. 2022, 12, 38812. 2) J. Komeda et al. Chem. Commun. 2020, 56, 3677. 3) T.
G. Do et al. J. Mater. Chem. C 2019, 7,9159. 4) T. Pal et al. Chem. Sci. 2019, 10, 5218. 5) R. Matsuoka
etal. ACS Appl. Mater. Interfaces 2019, 11,2730. 6) R. Sakamoto et al. J. Mater. Chem. A2018, 6,22189.
7) T. Nomura et al. Phys. Rev. Mater. 2018, 2, 054204. 8) X. Sun et al. Chem. Sci. 2017, 8, 8078. 9) A.
Rapakousiou et al. Chem. Eur. J. 2017, 23, 8443. 10) T. Tsukamoto et al. J. Am. Chem. Soc. 2017, 139,
5359. 11) R. Matsuoka et al. J. Am. Chem. Soc. 2017, 139, 3145. 12) R. Sakamoto et al. Angew. Chem.
Int. Ed. 2017, 56, 3526. 13) R. Sakamoto et al. Nat. Commun. 2015, 6,6713. 14) K. Takada, J. Am. Chem.
Soc. 2015, 137,4681. 15) T. Kambe et al. J. Am. Chem. Soc. 2013, 135, 2462.
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K402-2am-03 BAL2S H1035SF42 (2023)

PCP/MOF @ 2 =T 1) 7ILiE

(K iCeMS) OHJII &
Fabrication of soft materials based on PCP/MOF (‘Institute for Integrated Cell-Material
Sciences, Kyoto University) OShuhei Furukawa'

Designed porosity in coordination materials such as PCP/MOF relies on highly ordered
crystalline networks, which provide stability upon solvent removal. However, the requirement
for crystallinity often impedes control of higher degrees of morphological versatility or
materials processing. A recent trend in the field is to explore an opportunity to design materials
with less ordered, more defects and softer materials. Escaping from the ordered crystalline
states gives us a practical benefit, such as the processability of multifunctionality and a
challenge to understand a fundamental structure-property relationship. This is because it is
more difficult to determine the structure of less ordered or amorphous materials. In this talk, I
summarize the recent development of porous soft materials based on PCP/MOF or related
materials based on metal-organic polyhedra (MOP) and discuss a new application opportunity
and fundamental challenge.

Keywords: Porous Materials, PCP/MOF, Soft Materials, Gels, Liquids

PCP/MOF (%, —AICHERIETH D, famtETH D 2 &%, (1) BHERERICH
BENIZ L EIZEZE (Permanent porosity) & © 72 H 3 OAR 5T (2) X fREHTZ2HW\ =
HERIENBES THDLZ LMD, ZONEMERIICERE L REZ2HEHAO—>TH
HEWZD, —HT, EBEOISHZEE 2D &, fERIETH D 2 IR KNMEHE
HOZHEMNZ TE RN EnD ., TV vV ENEDFEMEZ#HFEELI-FEE Y7 h~T
U T LT D & D BFZEN, BIEARFZE DB ICB T 5 HAD L RO—2127 > T
WD, FEERTED S OBEANIHT LW BIEREORER BLA 52 5 — 7 C, & OREEMNT
MINEEZ 70D Z L b | LN e E— R Z I 52T 25 2 L 20 b 0k
HI7RRRRE L 72 %, KR TlL, PCP/MOFE @Y 7 h~=F U 7 IUAKIZ B L CARBFZESY B
OHHRE S Lo FEMBLL . R— T REIR, RN—F AT Lo 728 LB 8o
T 5, FrIC, EE DRI Z 1T > T 5, &EAZ A (MOP) % v /=
PCP/MOF DM KR ICBA L TH E LT 50,

soft matter
|
AN

crystalline
o
MOC

1) Assembling metal-organic cages as porous materials. E. Sanchez-Gonzalez, M. Y. Tsang, J. Troyano,
G. A. Craig, S. Furukawa. Chem. Soc. Rev. 2022, 51, 4876-4889.
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1t

IEEZEREZFIA LTz PCP/MOF MEHE K & UREEFITE
(AKRBEHHERT) OAR &

Continuous synthesis and morphology control of PCP/MOF utilizing spraying droplets
(Graduate School of Advanced Science and Engineering, Hiroshima University)

(OMasaru Kubo

G

Scaled production and morphology control of PCP/MOF are key issues to utilize its excellent
porous characteristics for various applications. We have developed new spray synthesis process
for a continuous production and morphology control of PCP/MOF. In this method, spraying a
precursor solution and subsequent heating allows to crystalize PCP/MOF crystals in the
sprayed droplets with solvent evaporation in less than one second. We continuously synthesized
HKUST-1 with a space-time yield up to 45.7 kg/m*/day and a BET surface area up to 1832
m?*/g. This method allowed to combine HKUST-1 with functional nanoparticles by simply
adding the nanoparticles into the solution. Magnetic Fe3O4 and catalytic Pd nanoparticles were
incorporated into HKUST-1. Furthermore, the spray synthesis method could be applied to
fabricate PCP/MOF film. By spraying the solution onto heated substrates, continuous HKUST-
1 films were obtained in less than 3 min. This method enables to fabricate HKUST-1 films on
various substrate.

Keywords : Spray-drying; Aerosol-assisted synthesis;, HKUST-1; Nanocomposite; Film
formation

PCP/MOF (X% DY) — 7oL, @RI D, W - /0B - 7y & ofkx
RIS SN DL IVEMEITH 5, PCP/MOF 23BA% SN TH BEE < Ofsfutk
ERICH DB SN TN DD, FEALOFNTITZ E A ER, 41 PCP/MOF % #1352
T DHTDITIE. XV RIRAFERE, FrCERHI 72 PCP/MOF O &R 1t X%
BRI 2 Z LR LN TN D, FTMERENVEN GO D) ki1 & OBEEEC, #
70 Bk & 72 TERERIEIEAT & 4 1% D PCP/MOF OiE A D 7-DIIINETH 5,

xR TN — T TITRBHAR ZEE L TR & LI2RIimEvT+ 52 LT
PCP/MOF %k T DMEBARIELZHB LI Y, 207 a2 324%HEA 48
AEFAHALIZLOTHY RN DREENFET D2 ETRENS LR L, £
T 1L &0 9 EF IR T PCP/MOF F / Ki -0 ERREN D, 2D 7 ot A
£V HKUST-1 Z i K 45.7 kg/m*/day DZERFN & THREGKT 2 Z LIZRPILIZ 2, £
7215 5 7= HKUST-1 @ BET R I3A K 1832 mYg & 72 0 | ffskik & [R5 O fLAEr
PEZ R LT,

BHEARIEIL, 2 OTE T RIZBWTHHRER 7 rEA L L TUHEHE T
HRLT & G TR AT & U CHEZR RIS 5 2 & Tk 7 2 TE AT 2 VB FZE Ik
MOERLTEFETHD, ZTOT-DEREN T /R &2 FENARICINZ 5 Z & T, F/
ki B A& L7=7 ki85 PCP/MOF 2 B ZICAKRTHZ ENARETH D, Zh
F TITRENET /Rt ki, S BICEEREE O ki1 & HKUST-1 DE S
ZGERE LTz, WeMET /R CTh D Fes04 T/ Ki 1 & OFA HKUST-1 X, i o mE
B AERRE L, FO®%RINTIES CRINATRER W AEAl & L COISHNARETH D Y, F
Tfibgt L 705 Pd R A BEATHZ LIV HE—F 2R L0 E ARSI A
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RTZEEHLMNILTEY,

& B \ZHEFEA RIEO BRI CORE AR ZTEH U g U 7= F5A B2 4 8
(215 S5 Z & C PCP/MOF DEE/E 21T 729, ZDOHEIZ XK U | HKUST-1 #
fiz ) a7 A, Ak, ZHET VI TRl M EIC3 U T E WA
R CIERICE B2 Z L2 LN Lz, SOl E CH DD —R T ) Fa—
T RSB EINT 5 Z & T, HKUST-1 Kif-[F 232848 S - B SEEOERLC &
REh L7,

ey B 8% (< 1s) HKUST-1

A _/,.—--ﬂ“"‘““‘

BET SSA: 1,460 m?/g
Pore volume: 0.63 cm?/g
NYFER

BET SSA: 1,200m?/g
Pore volume: 0.61 cm3/g
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o
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e = TRE =
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SoooV
PCP/MOF D& &4 B

1) M. Kubo et al., Microporous Mesoporous Mater., 2017, 245, 126. 2) M. Kubo et al., Adv.
Powder Technol., 2021, 32, 2370. 3) M. Kubo et al., Microporous Mesoporous Mater., 2019,
280, 227. 4) M. Kubo et al., Adv. Powder Technol., 2022, 33, 103701. 5) M. Kubo et al.,
Microporous Mesoporous Mater., 2021, 312, 110771.
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[RFHEEREE FREMEREDHER
(RKHA '« JFCC? « HAL K AIMR 3) O jgt— 123

New Development of Atomic Resolution Electron Microscopy and Its Application ('Insititute
of Engineering Innovation, University of Tokyo, *Nanostrucures Lab., Japan Fine Ceramics
Center, *Advanced Institute for Materials Research, Tohoku University) O Yuichi Ikuhara,"?3

With the development of scanning transmission electron microscopy (STEM) using
aberration correction, the atomic structures of interfaces in materials, and even individual
single-atom columns, can be identified not only by their positions, but also by local
composition and electronic states. In this presentation, we apply this new method to the
observation and analysis of grain boundaries and interfaces of various ceramic materials, and
introduce the essential understanding of the material design guidelines and the mechanism of
functional properties.

Keywords : Aberration corrector, STEM, Grain boundary, Segregation, Dislocation

IV ZEAR 1E 22 AV 72 A 2508 B - BASEE VA (STEM) ORI L 0 | MHE R oo s o JF -+
Y. SOIITHE TS T A—E—EIz O\ T, FOMELTLZEOIA O L7 5T,
ST 72 RS E TIRBEE DT £ TH N AMRE L 7> T D, 72, B SN TO
FEEIS A RIOE 1 B — A OFIENC K 0 | MBI ORGSR « BIE-CHiHk /s & OB 72 Blsk
T fRRE CHBEBIERT D Z L b A[EIC > CTETCWD, T2 & 2 BT 2 v 7 M8
I 2 D R—o30 R Z2ERINT % & Z ORI EEL BRI EED K& < &b
%3, F DJRIKSCEHEEAL D A T = X LI RHTH - 72, F Z TH A 1T ILZEMIE STEM
BEteT7 I v 7 ZAREOBERIZHEA L, F—_X2 ORIV A FEBHLNZTHE L
BT, R0 fARRE EDS R° EELS Z0FH L C., RAT L HB RO K ESSZ O IREZ FH
THZ LIRS LTWD, ZNHOREREZ, B HAHEO/RE LT 52 LT,
R—sX0 FDA N =R L E MRS D Z ENATREE 70D, — 05, MEIOEHENE, FFaks
Mg & A EBANCHIRET D 720121 MBI OMEESS LTI O Filh e 2 AT PR T 5
VERD D, 2T, S)TEMNTOZEDOY; (in—situ) 853 - FHIEAN 2 MES L O
EWOZWBEOBENAR L 25, Fexld, TEMNICEREDO T /A T 7 — 3
VEMAIAI T T T & T, SRAEBNOFIEEE, air LRIR & OFAAIER. BZEE)
O OENLHHY, KRB BN O FEE, BRI OEE) /2 8 ZHETT I v IRy 7 A
TholtFIMBEH LN L TE 7, RHHE TR, Eib U7 ZERHIE STEM 14 2 B
L.INETT T IRy 7 AThHoT-fAx OMEHBIROMIIICELY FLA TE 7255 5R
[ZOWTHRRD & &I, MEMS Hiffi &8 A L7= TEM R/b & —DBR%E & AiktE - 2
FROFT LV EEBEERICOWTHLAEDLETHRMNT 5,
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—_—

TURIWLT =Z—F xHPC x Al TEI 9 4% Computing as a Service
(CaaS) ##EFICH

(Ftw@m!) OBE FHE'
Use cases of material development using Computing as a Service with Digital Annealer, HPC
and Al ('Uvance Core Technology Unit, FUJITSU Limited) OHideyuki Jippo'

Use cases of material development application by Fujitsu Computing as a Service (CaaS)
are introduced. CaaS consists of Digital Annealer x HPC X Al In this presentation, we will
introduce efforts that can be developed from R&D to mass production, such as material
optimization for molecular and mixture design, feature extraction from measured spectra and
images, fusion of material search and product design, and yield improvement through the
control of material property variation.

In the material optimization, the stable structure of the molecule was able to be searched in
high speed and precision by the fusion of Digital Annealer and HPC. In addition, it has become
possible to design mixtures in response to data shortage problems. In the feature extraction, a
regularization technique was developed to extract minute differences in measurement spectra
such as X-ray and IR. As a technology to eliminate bottlenecks in design and mass production,
we developed a combination technology of mixture design and CAE, and a robust optimization
technology considering manufacturing variations.

Keywords : Molecular Design; Mixture Design, Feature Extraction; Robust Optimization

B LiEAHEE T 5 Computing as a Service (CaaS)Z & DR EFBAZE & H H61 & /3
%, CaaSlE7 V¥ /L7 =—7 XHPC XAl TR S5, AFEHTIE, o FREHOR
BWERE e EOMBHEGE L, FHT — & SCER T — 2 02 b ORFEERH  IRHRSR &
LG ORA . MR O D EHIENC L2 £ 0 &R & AFERTE N & RPE
FCIHET DM MR EFEITT D,

MRHEEL Tld, 7 V2T =—F 12 K 2 MBS & HPC 12 X DI EER %
A LT, @Ml ORI FOREMEZRRTE o, £z, REDOBIEBLY CH
HOT — 2 R MBI KIS LT IRE YRGS ATRE & 72 o 7o, RSl ik, X<
IR 72 EDFHI A7 FAZIREWN T, MERCELUE SRR 2 5u N e 728 2 il 4
L IEAIMEEIN 2 B U, BRETOEEDBLS CHAET 248 ML v 7 Z 0B OBLR Tig
HT 280 & LT, IREWERGEHE CAE OEREAN, BLOREIX S > 2EE LT
H N BN A BASE Lo, AREE CIEEEB 42 OIS 2,

| —— iif!l_

A-T¥T-5 pecrir ] HIFDB >2Ib—33»

125
ST RORH - HTIRGE

Digital Digital

Annealer
(5374 Y TAYT IR — EE, Eglﬁdn
HPC R

ETLEE

Annealer i
TSR

_— | A=
= HE =
NLP

FNROW
SmER
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BHR—EENA Ty FMBIZE T 5T —2 BB RIFREITOME
kva

(NP =y F=nNT 7 ARAS ) ORI
Data-Driven Discovery for Organic-Inorganic Hybrid Materials (! Technology Division,
Panasonic Holdings Corporation) OTomoyasu Yokoyama!

Organic-inorganic hybrid materials (OIHMs) have been attracting attention, especially for
perovskite solar cells. Because of the huge number of combinations of organic molecules and
inorganic elements, a data-driven approach is expected to greatly improve the efficiency of
material exploration for OIHMs. However, when searching for unknown OIHMs without
experimental data, there are two challenges: predicting crystal structure and predicting material
properties for OIHMs.

We have solved the former challenge by combining genetic algorithms and DFT
calculations? and the latter by applying the DFT/3D-RISM method?, which is used for solid-
liquid interface simulations. The two new schemes make it possible to predict realistic
structures and properties of OIHMs without experimental data with significantly reduced
computational costs.

Keywords : materials informatics, first-principles calculations, data-driven science; organic-
inorganic hybrid materials; perovskite solar cells

A, AL & RS R 2 RS LT TR — BB 1 7 U > REPEF 23, 2hvE
TICRWVEEE R A BT 5 L LT a7 A4 b KB EMAPOICER 24
DTS, 2O XD A1 7V > RMEHNI A T & IRt R O K220
HEDERFEEL, %%@Mﬂ%% TlIEEM B Z AT ORRETH D720, F—
2 BRENVR R IZ K DRI RKRWICHIFF ST D, L L, FEBRT — & 722 LIZERM
DAL 7V v SHEIZERET 256, HETHL & TRl v )
TOOMENRH -T2,

FxiZ—oHD MEE TR OFBEITKE
L. @EH7 LT XL E DFT EHE 250
HEETFEYE, OB O Tl
ORI L, BRAmOFECHEH I

First-Principles Calcula ion

% DFT/3D-RISM ik 2%, T Cavwf+ -
5T LTIAD OMBE AR LTz, A e il

Tl TOFMEHNT D EEBIT, 4%
DRELIZONWTHR D,

1) T. Yokoyama, et al. J. Phys. Chem. Lett. 2021, 12, 2023.
2) T. Yokoyama, et al. J. Phys. Chem. C 2021, 45, 31.
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EHRHFHFEOMEREADIGH

UR#EL L) it HEX
Application of Informatics Methods to Material Science (Faculty of Engineering Sciences,
Kyushu University) O Yuta Tsuji

Trial-and-error experimental methods based on experience and intuition have played a
central role in materials development in the chemical field. It has taken a long time and at great
cost to discover new materials and put them into practical use. Recently, Materials Informatics,
a data-driven science that derives desired structures and candidate materials based on
accumulated data and information, has become increasingly important. In this talk, the speaker
will introduce topics related to the application of informatics methods to materials science,
which he has been working on. Particularly, some of his research results will be introduced,
focusing on the search for functional materials by swarm intelligence and the application of
graph theory to materials science.

Keywords : Information Science;, Mathematical Science; Computational Science;
Mathematical Chemistry

(b5 BF O BB S Tl #5885k & BN S K BTSSR O ERFIEN L 2 Bl %
oTE7z, FLWMEZ R L, ERALT2720120%, BWRR EZ R X b
VETHoT-, I T, ERMEINET —20EHE b L2, HAOREE M EHEAH
AU E T — 2RI ORE~T VTN A VT F~T 4 7 AOBEEMNEE -
T 5, A TIE, #EE D 2 E TR MA TEERBENTIEOYER A~
OIS T 2REEEFEINT 5, FEIT, BEFNREIC K DHREEME M EHER B LT 2
THEROME R FEA~OISAICERE Y T, R EO—EE BT 5,

AR OFRETIX, BEARED —FETh kiR fcii b ik & BB REGHE 2 v
FIRIZE DT 7 T AL = OREFIZ O TOMTRORREEFNT LD, A XD
EREEHD - DOfilif: L LT, Fe, Co, Ni, Cu, Zn DF /7 T AX—ICHFER L, &
NoO&ERT )7 TAX—PRERE L TLERTSD C 7727 A b (CHs CHs,
CH,. CH. C) OFEMEN, &RMEICL > TED X I ITBT 20 BRI HmE LTz
FEREFRITT D,

KHDOBZ I TIL, 77 7HEmOMERFE~DISHIZOWTHEN T2 2, REEh
ERESBRCRINDWIRE 7T 7 LN, 7T 7 OME & fRNT 3 2 5F O — 38R 7
T7HEmTHD, 7T 7IE, EESCEKRRE L ST R B, F O HEHIZAN,
WE LR LN SRD 7T 7R EDDT, 7T 7HGHOMNETH D, RNi#H
T, 77 7HmoM SR TH LI LMEEF—TU—RE LT, oriuERRE 77 7
MOBIELET 5, SHIT, ZNOOBEGREEZFIAT S Z LT WETHL FICSR
I TGAR—DHFET R NLF— (FEEGT=RLX—) OTHINARETH D Z L 2RT,
1) Hori, M.; Tsuji, Y.; Yoshizawa, K. Phys. Chem. Chem. Phys. 2021, 23, 14004-14015.

2) Tsuji, Y.; Yoshizawa, K. ACS Omega 2021, 6, 1339-1351.
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WRERAOTRANA FPREEHMDTR EfFRRE
(FEaEK) e —

Tin perovskite solar cells-Current status and future directions-
(Info Powered Energy System Research Center, The University of Electro-Communications)
Shuzi Hayase

The efficiency of the lead halide perovskite solar cells (Pb-PVK PV) reached 25.7%. Tin
based halide perovskite solar cells (Sn based PVK PV) follows the Pb-PVK PV. The Sn based
PVK PV includes tin halide perovskite solar cells (Sn-PVK PV) and tin lead alloyed perovskite
solar cells (SnPb-PVK PV). The former and the latter are expected as Pb-free PVK PVs and
bottom cells with narrow bandgap for all perovskite tandem solar cells. The bandgap of the Sn
based PVK PV is between 1.2 eV and 1.4 eV, which gives theoretical efficiency (Shockley-
Queisser limit) higher than 1.5-1.7 ¢V of the Pb-PVK PV. However, the efficiency is not as
high as that of the Pb-PVK PV because of the higher defect densities in the lattice and the grain
boundary, and the band energy level mismatching. These efficiencies have been improved by
solving these issues. The efficiency of Sn PVK PV and SnPb PVK PV is now 13-14 %, and
23-14%, respectively. How to enhance these efficiencies including our approaches are reviewed
and the future direction is discussed.

Keywords : Perovskite solar cell; Pb free: Tin lead halide perovskite; Tandem,; Narrow bandgap

1. XUz ~na AR a 7 A A4 b KBEEMPO-PVK PV)DEHEHRIT 25.7%
WZE L, BVmEEIIRE B LD EA ST Y 2 KIGEMLO RN (26.7%)Z L
TWa Y, BITE KM, @A EACIZ T 72 Y 2 — AAERFE D3N AU 72 > T
%o Pb-PVKPV ZiE 5 T, nu 7 Au#hR~<1 7 2 A+ KE5EH(Sn based PVK PV)
DIEFERFIENFEH STV 5, Pbbased PVK PV OHITona 7 b~ 7 A h A b
KBGEHL(Sn-PVK PV) & a7 U Ab#hgn 7 v A b~ 7 2 J1 4 KB5E#L(SnPb-PVK
PVYDRFZENHEA TEY | FIE X802 & £ 72\ KEEM(PD free PVK PV) & LT, 3%
T2 T AN, N2 T ARGEBMOE N KXy v 7R LB E LTI/
TW5, F£72 Snbased PVKPV O/ RF¥x » 7T 1.2-1.4eV & Pb-PVKPV O/ 2 R
¥ v 7(15-1.7eV)E 0 b REy v 7 TH Y Schockley-Queisser(SQ) limit 7> 5
HEE S5 BEERZRILATE DIF 2 @V, L2>L Snbased PVK PV D1 R [ia % FE 1%
Pb-PVKPV LV & m< | hRITHFITHIE L L > TW e, RIBEBEELX IR TFSE52 8
Rk BRI ELTETWD, EOXICHRE ENRENTE e A
DOIFFERER b O L Ea— L, 5% OB Z5m L 72\,

2. Sn-PVK PV, SnPb-PVK PV %[ E~DT 7o —F : —fRICEBhER~n 7 A h
A NRBFEMMNEI SN D ERK T % Figure 1 (IZF & O TORT, REAREND, B X
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Ty TERE LW L RERBIT NS, ik
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Fig. 1. Items for high efficiency-
PVK PV

R —/VEIE g DS D78 & Fex OWFEH % 5 8O TR m ER 12 i#im T 5.,
SQlimit Z# 2 5 35%D%hREHIE L TXa T 2AHh A b FZ T LKGEMIE A
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F(26.7%) & 13 D T 2
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TERIN AT RE /R 2 X 7 A
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Fig.2. Efficiency progress of Sn-PVK PV and SnPb-PVK
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1) Martin Green, Ewan Dunlop, Jochen Hohl-Ebinger, Masahiro Yoshita, Nikos Kopidakis, Xiaojing
Hao, Prog Photovolt Res Appl, 2022, 30, 687-701. Efficiency Table 60.
2) Hayase, Shuzi, Sn-based Halide Perovskite Solar Cells, Chapter 10, 293-319, 2021, Perovskite
Photovoltaics and Optoelectronics, Edited by Miyasaka, T., Eiley-VCH. 10.1002/9783527826391.ch10.
3) Wang Liang, Chen Mengmeng, Yang Shuzhang, Uezono Namiki, Miao Qingqing, Kapil Gaurav,
Baranwal Ajay, Sanchira Yoshitaka, Wang Dandan, Liu Dong, Ma Tingli, Ozawa Kenichi, Sakurai
Takeaki, Zhang Zheng, Shen Qing, Hayase Shuzi, ACS Energy Letters, 2022, 7, 3703-3708.
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Efforts to enhance the photovoltage of perovskite photovoltaic devices and development of
flexible modules
(Toin University of Yokohama) O Tsutomu Miyasaka

Power conversion efficiency of perovskite photovoltaic (PV) cells has been supported by
their high open-circuit voltages (Voc). Mixed cation Cs-FA-MAPb(I,Br); perovskite cells
(bandgap 1.51eV) yield Voc close to 1.2V D and all inorganic CsPbl,Br perovskite (bandgap
1.9¢V) achieves Voc up to 1.42 V 2. The latter works with 1.1V Voc even under week indoor
illumination (200 Ix) with power conversion efficiency (PCE) >34% . High voltage output
performance is essential for implementing perovskite-based IoT power sources and lightweight
flexible modules of photovoltaic device are sought for IoT applications . Recent progresses
in developing high Voc devices and flexible modules will be summarized.

Keywords : Perovskite;, Photovoltaics, Solar cell; Voltage, Flexible modules

NRuTAAA NKRGEMOERILDOE & 72> T\ D DOIFBRAEIKEE (Voc) D
MADESITHY , ~aT AHA FEENOER AV IRATIH ST b
HPEDS, 2D Voe D SITO2 0> Tvd, Voe & #i#RK+ (FF) 130 7 A h A
I bt R O R K52 K D BRI AIC L > TR T4 5720, Z ORI 2 % 1]
9% passivation DFEIRN DB EEDOWFZED F L2 R E 72> T 5, Fmis o FrcdE
t Voo RO DLINENH Y, BAERMOFEEE NN TV v FXa T ZAH A K
(CSo,os(FAo g3MAo17)Pb(Io 95BI‘005)3 (/§V ]\A“f'“\’ ‘)70 1.516V) @ Voc [I~nm 7;(7\7/]) k
EIEFLEEE O RE O T ROKEIZ L > T 119V FTEE D  (BHFE>22%) 1,
Voc @25 2 EIXENHOEELBEFZ OB DM EICHLEETH D, a7 2
#14 b CsPbLBr (/N> R¥ ¥ v 7' Eg=1.9eV) ® SnO, T 1k & O # if & G S SnO,
DF ) —F (JEE<5mm) TE-T-EBALTIZ, REDOELT 2 v 3 THEEEN &
HILDHRER, Voo IE 1.42V £ Trl B L 2, ZHUNFRIT 1 sun o F T 17%LL B, &
PN LED HEEH D 200 Ix D& FTIE34%E TEED Y, 200 Ix DYEE T (1 sun ED
#J 1/500) 2BV TH Voe 28 1.1V LLERICHER: S 2 B A#LSE 113D T2 LU i
ThHo, EN 0T AOEFRICELR/FEETH D, N0 3 v EXMkE 2,5-
thiophenedicarboxylic acid TPRF#E T % J775 TlL, CsPblisBris(Eg=1.91)D & /L T Voc
1.51V. CsPbIBry(Eg=1.97) ™t /L Tld Voc 1.54V B E6N5 Y, b b, BN
ENRELSEHLE N Voo ZHEFFCEDLNT =T RNARELTHMERD Y,

Z AU 5H O passivation FATIL, ZhEEHE TIL 20% 2B 721X D7 LX T T
A VLB L OREZ R LSS DICLEETH L, EFLITRED T 4 L AEL
®@$%%®é&&%m\%@%yn—wW%@ﬁlﬁm_%Eﬁbka\AH7
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AHA FORRIESED 128 LT KR CTHRIEORIRE/ A > 7 ¥ = v MEIRIE S B
LTWa, K1ixa7 24 MNgORBEDT=0HI1Z, Fllill~y K& A > 7 OBiF% L
TR LA V2w NV 2 —Thbd, Z ORI EM TS D
H[ETIT 572, ITO-PET 7T AF v 7 7 ¢ )L L HARIZSTF ORI & FEEIC~<a 7 2%
A NEDORFE NS — BT 5 Z N TE /INUE Y 2 — LVORUWEIZIIERTH 5,

X1 Xe72h4 FKEGEBEIEHOA 72y T Y o Z—(E)E ITO-PET
T4 BT Re T 2L NE (EFEOBEE LD ZEIRIL- T
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Solar cells with wide wavelength sensitivity using colloidal nanocrystals ('Research Center
for Advanced Science and Technology, University of Tokyo, *Graduate School of Arts and
Sciences, University of Tokyo) Takaya Kubo,'! Haibin Wang,? Hiroshi Segawa, 2

Colloidal quantum dots (nanocrystals) are promising as functional materials in various
optoelectronics fields because of the size dependence of the optical absorption region,
semiconductor properties exhibited by solid films, and the availability of mild wet fabrication
processes

We have focused our research on infrared photovoltaic conversion with the aim of utilizing
the full spectrum of sunlight. In order to improve the photoelectric conversion properties in the
infrared region, one of the key issues is to improve both the light-harvesting efficiency by
thickening the quantum dot layer and the carrier transport efficiency. In this presentation, we
discuss the possibility of multi-junction solar cells combined with various types of cells by
taking advantage of the high efficiency of infrared photoelectric conversion of solar cells using
lead sulfide quantum dots and the extensibility of the photoelectric conversion region, focusing
on our efforts. Furthermore, we will introduce one of the characteristics of lead sulfide quantum
dot solar cells, namely their long-term stability. Finally, future prospects for colloidal quantum
dot solar cells will be presented.

Keywords : Colloidal nanocrystals; Infrared photovoltaics; ZnO nanowires; Nano-hybrid
heterojunctions; tandem solar cells

FEER A AR O R — T PRFREC 70 D E BT 5 & LA R ZTEH
T5HZ LT bkA B FHEIN B CET Ny FOISHBED 5 TWA[L], &0 biT,
AR — B S e & Ry b (and FEF Ry ) & BRIROETF Ry
I REAENE (Fig. 1), £ OEUATEIS R8RS, vy M7 at X L DB
Pe7p EORHE A A0 LT RGBSR R EOT A ZWFEDED TN D
(2], KEFEM~DIGHE L TIX, sghhvay
FTAREFRYy FEZNORTIO e EDY A
Ry v 7HERE DO~T m AT K E
MmoEmMHERIE A R b HATL TS [1, 3, —
T, hEEEROILEMRN bR s man A R
B Ry NRGEMONZE S5 IR L
TEY ., EFITRY AgBiS, T/ ik &~ 72 |
~T A KM O &R N L T LU \
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UNE H Sy % = Figure 1. Size-dependent absorption
& ATHE & T DA OME L HiF L. RS of colloidal PbS quantum dots
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Figure 3. Two different solar cell structures:

Figure 2. Spectral sensitivity spectra of PbS QD .
(a) planar type, (b) nano-hybrid type

solar cells:
AM1.5G solar spectrum (pale red region)

TEIRIZ BT B B LD BN R TE 21T - C & 7= (Fig. 2), BEHEED @ h=1b
WZF 77 7e—F L LT, a2uA FEF Ry O T RREFESS, KEGER
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The future of electric based vehicles opened up by vehicle-
integrated photovoltaic modules

(‘Carbon neutral developing division, Toyota Motor Corporation, *Instrutute for Applied
Science, The University of Electro-Communications) OTaizo Masuda, '~

Keywords: Vehicle-integrated photovoltaics; battery based electric vehicles, solar powered car,
Public road test, I1I-V solar cell;

In recent years, countries around the world have stepped up their efforts to reduce CO>
emission in response to global warming. The automobile industry as a whole has been focusing
on decarbonization efforts for many years. It is reported that CO, emission from the
transportation sector accounts for approximately 24% of the world's total emission, of which
approximately 44% are produced from passenger cars. Therefore, reducing CO, emission
produced by passenger cars is essential to realize a carbon-neutral society in the future.

Environment-friendly vehicles, particularly plug-in hybrid electric vehicles (PHEVs)
and battery electric vehicles (BEVs), are equipped with large-capacity batteries, which makes
them compatible with photovoltaic (PV) modules that have a plate-like structure'%. This paper
reports the measurement results of public road tests of a photovoltaic (PV)-powered plug-in
hybrid electric vehicle that is equipped with PV modules that have a rated-output power of 860
W. The vehicle-integrated PV modules consist of I1I-V-based triple-junction solar cells with a
conversion efficiency of approximately 34%. The results of measurement indicate that the
number of plug-in charging cycles can be reduced significantly by integrated PV modules,
which increase the convenience of use of the battery-based vehicles. Even energy self-
sufficiency was achieved for the neighborhood driving pattern. Further, in Aichi, Japan, the
annual PV-powered driving range reached 6211 km in the year 2021. As the average annual
driving range of passenger cars in Japan is approximately 10,000 km, it was experimentally
confirmed that CO, emission from passenger cars in Japan can be reduced by approximately
62% by installing vehicle-integrated PV modules.

(b)

1) T. Masuda, K. Araki, K. Okumura, S. Urabe, Y. Kudo, K. Kimura, et al., "Static concentrator
photovoltaics for automotive applications," Sol. Energy, 2017, 146, 523.

2) M. Yamaguchi, T. Masuda, K. Araki, D. Sato, K.-H. Lee, N. Kojima, et al., "Development of high-
efficiency and low-cost solar cells for PV-powered vehicles application," Prog. Photovolt., 2022, 29,
684.
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The Newest PCP/MOF Commercialization Trends Spring 2023 ('iCeMS, Kyoto University)
Masakazu Higuchi'

Porous coordination polymers (PCPs), or metal-organic frameworks (MOFs), have been
researched as potential materials for a variety of applications. Twenty-four years have passed
since PCP/MOF research started, and many companies around the world have become active
in commercialization. In 2011, the world's first startup specializing in PCP/MOF was born, and
mass production and commercialization through collaboration research with large companies
have begun. In this talk, I would like to talk about the newest trends in commercialization of
PCP/MOF as of the spring of 2021.

Keywords : Porous Coordination Polymer, Metal-Organic Framework, Practical

Applications, Commercialization

L ALMERL =51 (PCP) | F 72134 B - A HEAEIE 1R (MOF) 1%, #kx 72 B oM ELE LT
W22 ST & 7=, PCP/MOF DAFZENIEE - T 26 EE R H, HRT DL DiZiIc &
S TRELOF X DNIFEIEIT /R > TV D, 2011 AT TR T T D PCP/MOF 12 F#1L,
L7ImAZ— N7 v 70NEEA L, BELC R & OLRIFZEIC X DR b’ 0 E -
TUW5, AFERHTIL, 2023 4EHHF 5T PCP/MOF O pF 2 i@ m 2 ik 5,
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Instant deodorant product using PCP/MOF
(OHARA PARAGIUM CHEMICAL CO.,LTD.) OShokichi Ohara,Kouichi Waki

PCP/MOF has a structure like a jungle gym with metal ions at the top, and has a specific
surface area nearly three times that of activated carbon. It is possible to utilize the functions of
metal ions. OHARA PARAGIUM CHEMICAL focused on the structure of PCP/MOF and
investigated the possibility of using it as a deodorant. It has been found that it has a deodorizing
ability that effectively eliminates odors. In addition, it has been clarified that it can adsorb 400
times the amount of ammonia as activated carbon. Furthermore, it has been confirmed that Cu-
PCP/MOF has strong antibacterial and antiviral activity due to the effect of copper ions. One
of the reasons for the slow spread is that the current PCP/MOF has a very small particle size
and is a fine powder, so workability is poor. We will introduce formulations that are good
workability without impairing functionality.

PCP/MOF [FZRBAIVETERE LY v W MADESLGHEEZ L THE Y EERD 3 fFELEE
REBRDKRESZRHL., BUFOREICKYAROEEFOMEZVINM-VTEENTE £
Bt OFEOHEELFERATE 5, KEN 77 95EZ TIX PCP/MOF D#E&EIZEBE LUHRAIE LT
DERDAREMEZRET L=, EDFHER. EB/1VIZEHZ ALz Cu-PCP/MOF [2H T, RERS
NIRZBEREMISHRSEDIEEDHRENAH S EZRE Lz £, FERD 400 BE
DIVETERETEDENRALNELD>TINS, & 512 Cu-PCP/MOF [XER(TVDRIRIZ &K 53&
NGHE. MMV RAFREEET S EHHERTE TS, PCP/MOF OEREITEHFRGITE
PETENGEHARLONLDATHD, ERMNETGENERELT, TIKRD PCP/MOF [T FE
DNIERITNSBMRTHA=O. EEENBNELSIEDEITOND, REMZBRGH T EEN
DBERWVWEHEFNZDOWTHENT 5,
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Flexible PCP/MOF MR 4 — FREFEZFALE-RESE T OEX

CRURBET) O KRR
(Department of Chemical Engineering, Kyoto University) OShotaro Hiraide

Flexible porous coordination polymers or metal-organic frameworks (PCPs/MOFs) exhibit
the adsorption-induced structural transition so-called “gate-opening” behavior. The gate-
opening effect induces stepwise change in the amount adsorbed at a specific gas pressure,
which engenders larger working capacities and higher selectivities than the conventional
adsorbents do. This presentation introduces our recent research progress toward the
implementation of adsorption separation processes using flexible PCPs/MOFs.

Keywords : Flexible PCP/MOF; Gate Adsorption; Adsorption Separation Processes

& TR A2 A9 % PCP/MOF 1%, BHIEEDOERZE D AT v TIROBEZEE %
AT, TOBRITT — NRAE LTI, WA ORGSR ERENIIIN ., T — N
D T AFEKAFMENER T D @ WT AR E W R 2 /T 5, Fx DT NV—7T
X, ZO7— MNEEICET 2B 2RI E B A TE Y, FZ ELM-1111E
FEIZAL D HAEEA D CO W AE ARG L LTckatZztid TE o, £ LT, FML TE 28,
TR R A S 12, BLM-11 Z W= E AL o T WG58 1 & 2 (PSA) 23, it
KAEFE FWTE35A I U ORBIICE IR Th 5 & ) ER R L InFlE L T
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RTHLEHBALTVWDILOD, HL FTHASHEAZRE L RE] 8 ED, T
bbb, BEOBEWTWESHEZIIT S Flexible PCP/MOF DN A 5 232 LFEA
BIZB T H7-0121%, WHE - BBEZBICEE L PSA a2l —v a3 L2DE
FEEBRNVETH D, L L7255, Flexible PCP/MOF @ PSA 2 = L—3 3 (T
BDHE T, fRIETREFBEIN L ODFIET D, BlzIE, WasERICITFEE s
AR D FEE HERE ) & LT HEE T DL 2 W B O3 @8 H T 08, T O HAE
Fick OIEHHFENTH 5, #HEIEBE L2 T UL TFTE L 72\ Flexible PCP/MOF
K%tbfﬁﬁﬁﬁ%ﬁ%fhééﬂoik,%g BB E SO E T I AR
HERER L OEENVEATH LN, TOEBROT-OIZIE, BRRY T IVORIERR
OoND, LnL, 77— NEEITIREE %Eé’ﬁ:ot&b Z ORI FIEIIX T RAME
Thb, EE, B A X —ICLDREERAIZE A, N X —EN DT
XD EWEIC L DT BT, ST D L — h&%’iéx?yﬁ%
DO BEALDFEIRIC I D &0 ) R fiR72BIR 2R L TV A8, AEclions
DOBEIZKRT D F 2 OFRFT O Y FIAIZ DOV TR T D,

[1] A. Kondo et al., Nano Lett. 6,2581-2584 (2006).
[2] S. Hiraide et al., Nat. Commun. 11, 3867 (2020).
[3] S. Hiraide et al., ACS Appl. Mater. Interfaces 13, 30213-30223 (2021).
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Development of Rechargeable Batteries Using PCP/MOF as Cathode Active Materials (School
of Engineering, Kwansei Gakuin University) OHirofumi Yoshikawa

Development of high-performance rechargeable batteries is one of the most important
research issues. To achieve high capacity, long life cycle, and fast charging, we have proposed
a new type of lithium battery using redox-active molecule-based materials as cathode active
materials instead of conventional transition metal oxides. Herein, we report development of
porous cathode materials such as MOFs realized by integration of redox active molecules and
their specific battery performances. Furthermore, battery reaction mechanisms of these
batteries are also discussed in details by using X-ray absorption fine structure analyses. As a
result, it was found that this strategy is very promising due to fast diffusion of electrolyte ions
into their pores and structural stability during electrochemistry.

Keywords : Lithium Ion Battery,; Sodium lon Battery; Metal Organic Framework,; Disulfide;
Azo Compound
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Development of next-generation technologies to make photovoltaic power generation the
primary power source ('Graduate School of Engineering, Nagoya University) O Noritaka
Usami'

In order to achieve carbon neutrality by 2050, the large-scale deployment of renewable energy
is indispensable, and photovoltaic (PV) power generation, in particular, is strongly expected to
play a significant role as a primary power source. As suitable locations for PV power generation
are decreasing, there is a need to develop new markets by developing next-generation PV
technologies. Target new markets include building walls, mobilities, and roofs with weight
constraints. In addition to conventional measures such as conversion efficiency, manufacturing
cost, and durability, next-generation solar cells require design, lightweight, and bendability.
Considering the fragility of the supply chain revealed by the COVID-19 disaster and the
uncertain international situation, it is essential from the energy security perspective to possess
highly competitive next-generation solar cell technologies and domestic production capacity.
Specific materials include crystalline silicon, compound semiconductors, organic
semiconductors, perovskites, and combinations of these materials. In addition to developing
cell, module and system technologies, it is also important to work on creating safety guidelines
and recycling technologies. Therefore, contributions and collaboration of experts from diverse
fields are expected.

Keywords : Solar Cell; Crystalline Silicon, Organic Semiconductors, Perovskites
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Trends in Research and Development of CulnSe, (CIS)-Based Photovoltaic Solar Cells
(National Institute of Advanced Industrial Science and Technology) OShogo Ishizuka

CulnSe; (CIS) and its derivative materials such as CuGaSe,, Cu(In,Ga)Se, (CIGS), and
Cu(In,Ga)(S,Se), are versatile, cost-effective, and thus, attractive for applications in
photovoltaic energy conversion devices. Their band-gap energy values are controllable in a
wide range with the choice of elements and their composition ratios, for example, 1.0 eV
(CulnSe;)— 1.3 eV (Culng sGaopsSez) — 1.7 eV (CuGaSe,). CIS-based thin-film technologies are
expected to realize highly efficient lightweight and flexible solar cells and also tandem type
solar cells, which may cover different markets from those of conventional silicon-based solar
cells. Also, CIS-based solar cells can be useful light-harvesting devices even under relatively
low illumination conditions, and thus, have applications for both indoor and outdoor use?. In
this talk, the current status of research and developments of CIS-based photovoltaics, in
particular, lightweight and flexible solar minimodules and tandem type solar cells fabricated in
our laboratory are focused on, and the future direction of CIS-based solar cells is discussed.
Keywords: CulnSe;; Cu(In,Ga)Sez, Solar Cell; Thin-Film,; Alkali-Metal

CulnSe, (CIS) RILAWITZ HERK T A e R L —Z btk & L CiE 7
MERECTH D, W ITEOBRPCOMEIC LV, B 21E Cu(In,Ga)Se, (CIGS) Tii,
CIS @ 1.0 eV 75 CuGaSe, D 1.7 eV F CTIAHI G HTIEHIE N AIRETH D, AL
BIOBEZTE) LT mRE R & 7 L o 7OV KR MR, 30 K E o /E
BLAMRETH D IEROFERT Y 2 L RKGEM S XR R TSR SN D, £,
PRSP REE FICBIF 2L AETH Y . BAMI L HAADZ & BN TOfE
AIZHb#fETE 5 D, 22 TIEFFIC, CIS RIC K DE T LI V7 AL ZHA 0O
KEGERMDWFFERIEEI AR L, S%fE S D FntEziEmT 5,

CIGS solar

minimodule Green LED

A photograph of usage of a CIGS minimodule lighting a green LED under approximately

200 Ix illumination.

1) Lightweight and flexible Cu(In,Ga)Se; solar minimodules: toward 20% photovoltaic efficiency and
beyond. S. Ishizuka, Y. Kamikawa, J. Nishinaga, npj Flex. Electron. 2022, 6, 90.
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Current Status and Prospects of Cu2O Tandem Solar Cells

(Toshiba Corp. R&D Center, Japan, *Toshiba Corp. Manufacturing Engineering Center,
Japan) OSoichiro Shibasaki,! Naoyuki Nakagawa,! Yuya Honishi,'! Yukitami Mizuno,'
Mutsuki Yamazaki,! Atsushi Wada,' Sara Yoshio,! Yasutaka Nishida,! Kanta Sugimoto,’
Junji Sano,? Maho Hayase,”> Kazushige Yamamoto!

Keywords: CuO; Solar cell; Photovoltaics; Tandem; Top cell

We are working to develop low-cost, high-efficiency four-probe tandem solar cells for
electric mobility applications such as electric vehicles which require high power output in a
limited space. The target efficiency is over 30%. Assuming a bottom Si cell efficiency of
20%, realizing this goal with tandem solar cells will require a top-cell efficiency of over
10%.

Cuy0 solar cells have three advantages when used as top cells in tandem photovoltaics.
First, Cu and O eclements are non-toxic and earth-abundant, and thus the material cost of
Cuy0 is expected to be low. Second, the high efficiency of Cu,O solar cells has already been
reported. Third, the combination of wide-bandgap Cu,O top cells (~2.1 eV) and
narrow-bandgap Si bottom cells (~1.1 eV) is ideal for realizing high-efficiency tandem
photovoltaics because of the small overlap of spectral sensitivity between Cu,O and Si.

Although conventional Cu,O cells are not transparent, we have successfully produced
highly transparent and efficient CuxO solar cells on top of transparent conducting oxide
substrates by precisely controlling the oxygen/argon-sputtering atmosphere. The small
amount of impurities such as Cu and CuO was found to affect the transparency and
efficiency of Cu;O solar cells. By controlling and minimizing the amount of these
impurities, Cu,O solar cells with high transparency (~76%) and high efficiency (8.4%) were
realized.!

In this presentation, we report the world’s highest efficiency of 9.5%, achieved by
reducing edge recombination by increasing the area of the solar cells. Figure 1(a) shows the
parameters we sought to improve, which were extracted from device simulations conducted
with the aim of improving the efficiency of the Cu,O solar cells. The CuxO light absorbing
layer in our samples contained an extremely small amount of impurities, meaning that the
diffusion length of minority carriers was fairly long; therefore, the carrier recombination at
the edge area accounts for a large portion of the total carrier recombination. To suppress the
edge recombination, we increased the power generation area of the Cu,O solar cells from
3x3mm?’ to about 3x12mm?. Short-circuit current density increased by almost 10% and
efficiency improved to 9.5% by increasing the cell size, as shown in Figure 1(b). The
efficiency of 9.5% is just below the target efficiency of 10%. Further details will be
introduced on the day of the presentation.

This work is based on results obtained from a project commissioned by the New
Energy and Industrial Technology Development Organization (NEDO).
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Cross-sectional view of the Cu,O cell J-V characteristics / cell area
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Figure 1: (a) Cross-sectional view of the Cu,O cell and areas for improvement.
(b) J-V curves of the Cu,O cells

1) S. Shibasaki et al., Appl. Phys. Lett. 2021, 119, 242102.
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Organic Solar Cells Based on Functionalization of Nanocarbon Materials (' Graduate School
of Engineering, Nagoya University, *Institute of Materials Innovation, Institutes of Innovation
for Future Society, Nagoya University) O Yutaka Matsuo'

Electron transport layers using fullerene derivatives that can be vacuum-deposited,
characteristics of carbon nanotube thin films fabricated by wet and dry processes and their
application to bottom and top contact electrodes, respectively, and hole transport materials
using carbon nanotubes are explained. This paper introduces organic thin-film solar cells and
perovskite solar cells that utilize these functionalized nanocarbon materials.

Keywords : Fullerene; Carbon Nanotubes, Organic Solar Cells, Perovskite Solar Cells;
Nanocarbon Solar Cells
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References) Angew. Chem. Int. Ed. 2022, 61,¢202203949; Appl. Phys. Express 2022, 15, 046505; Comm.
Chem. 2021, 4, 74; Bull. Chem. Soc. Jpn. 2021, 94, 1080 (Review Article); J. Am. Chem. Soc. 2019, 141,
16553; Chem. Mater. 2019, 31, 8432; Chem. Commun. 2019, 55, 11837; Adv. Energy Mater. 2019, 9,
1901204; J. Mater. Chem. A 2019, 7, 4072; Chem. Commun. 2018, 54, 11244 (Review Article); J. Mater.
Chem. A 2018, 6, 14553; J. Mater. Chem. A 2018, 6, 5746; Angew. Chem. Int. Ed. 2018, 57, 4607; J.
Mater. Chem. A 2018, 6, 1382; J. Phys. Chem. C 2017, 121, 25743; J. Phys. Chem. Lett. 2017, 8, 5395;
Nano Lett. 2015, 15, 6665; J. Am. Chem. Soc. 2015, 137, 7982.
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From Materials Informatics to Process Informatics ('Graduate School of Science and
Technology, Nara Institute of Science and Technology, Grad) OMikiya Fujii'

Digital technologies such as simulation and machine learning in materials development has
been attracting attention, and is known as materials informatics. The objectives of this field can
be categorized as discovering natural scientific formulas, accelerating materials development,
and advancing measurement. Furthermore, since process is also important in materials
development, there are some studies of the use of machine learning for process control, which
is called process informatics.

In this talk, I will give an overview of materials informatics and process informatics, and
introduce our studies of surrogate models for quantum chemical calculations and generation
models for materials with desired properties. We have recently been working on the precise
synthesis of copolymer copolymerization by flow synthesis and product prediction. In
particular, we have demonstrated that the combination of machine learning and quantum
chemical calculations can be used to predict the products of new molecules. Furthermore, we
have demonstrated that Bayesian optimization can be used to optimize process variables for a
desired copolymer. The results will be presented at the symposium.

Keywords : Materials Informatics, Process Informatics, Quantum chemistry, Flow
polymerization, Generative Models
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Neural Network HiZMDZERA1E
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Implementation of Neural Network Potential (' AdvanceSoft Corp.) OSatomichi Nishihara!

We introduce our software product and some examples of Neural Network Potential, which
interests researchers as an alternative method of first principles calculation or classical
molecular force field. Also, we explain the advantage of this method and the limit of its
performance.

Keywords : Neural Network Potential, Molecular Dynamics, First Principles, Density
Functional Theory
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[17 http://case.advancesoft.jp/NeuralMD/LGPS-conductivity/index.html
[2] Y.Nagai et al., Phys. Rev. B, 2020, 102, 041124
[3] https://github.com/materialsvirtuallab/m3gnet
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Interdisciplinary Utilization of Scientific Principles for Materials R&D: Materials Curation®
(National Institute for Materials Science) (OMichiko Yoshitake

Materials science field is divided into many specific regions, and knowledge out of one’s
specialty is not utilized fully, which prevents efficient R&D of materials. We have proposed a
method of interdisciplinary utilization of scientific principles in materials science (solid state
physics, polymer science, materials mechanics, chemical thermodynamics, etc.). To support
the interdisciplinary utilization of scientific principles, a prototype of database and its search
tool of materials property relationship has been developed by a collaboration with a company.
This system (database + search tool) makes the uses notice relations among various materials
properties and help to discover break-through materials and helps machine learning by
suggesting descriptors and giving hints for analyzing the results.

Keywords : Material Property; Relationship; Scientific Principles, Database; Search System
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1) M. Yoshitake, Materials 2021, 14, 6946.
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Possibility of replacing high-throughput first-principles calculation by machine learning
(TOYOTA MOTOR CORPORATION) Hisatsugu Yamasaki

In recent years, due to the development of deep learning, the environment of material search
using computers is about to change. In the normal material search flow, there are parts that
require a relatively high calculation load, so-called calculation time. An example of this is the
part that optimizes the structure by relaxation calculation when the structure of the material is
input. At that time, first-principles calculations were used, but since continuous calculations
have been developed and high-throughput calculations have been made, it has become possible
to calculate all existing structures. In the background, with the discovery of the crystal graph
neural network in 2018, a new trend was born to learn the results accumulated by high-
throughput computation. One example is machine learning potential. It has been found that the
results of first-principles calculations, which used to take a long time, can be predicted
instantaneously. We aim to commercialize an all-solid-state lithium-ion battery for the purpose
of making it practical. The purpose was to search for promising materials with high ion transport
ability from among a huge number of candidate materials. We verified whether it can be an
alternative to the first-principles calculation.

KEY WORDS: EV and HV systems, All solid-state Li ion battery, Materials exploration,
Materials simulation, Crystal Graph Neural Network, Machine Learning potential
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RiE{EDOE T Th D, TORE, AN ONE—FEGHREIZR D0, ZOFE b
BREEL, N ANV—Ty MER SN TE 72720, BFEOEEICOWTE, 3T
HELTLEI LW ZENAREIC R -T2, IV H RO, 2018 HEDFEML 7T 7
Za—TNVFy hU—=T DORRITED, A AV—T v bR TERBR LI RE 2
BEEDEWIFIRERANEENTZ. 20BN, BRFERT vy Il b,
COMEFERT e WERWS Z L2, GEROBERRIN Do TV —
JFHHBEOR R AR PRI TEX A 20 bh > TE -, A, FxldnA 7V v R
(HEV),EX HEE(EV)OMikeialEm | & Z2aeib, BRHEMboolc, £FEERY F
LA F B MOEMANE B L TEY . IEF ISR EHMER O 06 A 7 gk
BEOEWHERMEIZEER LR 0ER S0, Z0 RO TDIT, ks R
T UV XV EREFHEORBE L 2D ONERFE LT,

1) So Takamoto, Chikashi Shinagawa, Daisuke Motoki, Kosuke Nakago, Wenwen Li, Iori
Kurata, Taku Watanabe, Yoshihiro Yayama, Hiroki Iriguchi, Yusuke Asano, Tasuku
Onodera, Takafumi Ishii, Takao Kudo, Hideki Ono, Ryohto Sawada, Ryuichiro Ishitani,
Marc Ong, Taiki Yamaguchi, Toshiki Kataoka, Akihide Hayashi, Nontawat
Charoenphakdee, and Takeshi Ibuka, “Towards universal neural network potential for

© The Chemical Society of Japan - K401-2pm-04 -



K401-2pm-04 BALZS H103BFES (2023)

material discovery applicable to arbitrary combination of 45 elements,” Nature
Communications 13, 2991 (2022). https://doi.org/10.1038/s41467-022-30687-9

2) Matlantis (https://matlantis.com/), software as a service style material discovery tool.

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

4) R.Jalem, K. Kanamori, I. Takeuchi, M. Nakayama, H. Yamasaki, T. Saito, Bayesian Driven
First Principles Caluculation for Accelerating Exploration of Fast lon Conductors for
Rechargeable Battery Application, Sci. Rep. 8, p.5845 (2018).
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[K401-2vn] New Trends in Materials Informatics and Their Practical
Applications

Chair, Symposium organizer: Kenji Hara, Nobuyuki Zettsu
Thu. Mar 23, 2023 4:10 PM - 5:00 PM K401 (K401, Lecture Hall Bldg. [4F])

[K401-2vn-01] MI Software System and Applications for Finding
Physicochemical Features that Improve Material Properties
OShiori Nagai' (1. SHIMADZU CORPORATION)
4:10 PM - 4:40 PM

[2K40109-09-2add] Discussion
4:40 PM - 5:00 PM
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MI Software System and Applications for Finding Physicochemical Features that Improve
Material Properties (Shimadzu Corporation) O Shiori Nagai

Shimadzu Corporation is developing software systems and data processing algorithms to
promote materials informatics (MI) which focuses on utilization of analytical instrument data
generated by gas chromatography, infrared spectroscopy and other instruments. In general, MI
analysis using the composition of material and synthesis conditions is able to find the optimal
combination of parameters to achieve the target performance, although it is difficult to explain
why. On the other hand, if we perform a regression analysis using the feature quantities
obtained from the analytical instrument data of the material as explanatory variables, the
performance of the material as objective variables, we can obtain clues to find out the physical
features and chemical components that contributing to the performance of the material. We
believe that combining the information obtained through such analysis with expertise and
experiential knowledge from researchers and developers in material field, it would be easier to
form hypothesis and lead to speeding up development.

In order to utilize analytical instrument data smoothly for MI analysis, two functions are
required: (1) function to collect and organize dataset used for machine learning, and (2)
function of data processing for feature extraction and data standardization. In this talk, we will
introduce our efforts to realize the function (1) and the software systems under development.
For function (2), we will explain the data processing that corrects the retention time
misalignment of a group of chromatogram data with an illustrative case.

EHERESUERTIX, T A7 va~ 87T 7 0 =R ikl SITRE SN D 0k T
— A DIERCEEEBN TV T AR AT+~ T 4 7 AMD)EHEET D700
VTR 2T VAT ABIORNT =X T LT X AORBEEED TWD, —KRIZ,
FHEFOFA R A RS & IV 72 MIFRMT Tl BEMERE D R O 72 DI il 72 /R T A —
B2 OMBEOEERDITH I EBRHRTH, TOWRIWEHTATLONE L o7, £
KR LT, Bl Z0E, MEO TR T — 2 D> DS L5 FrE 2 A S & LTk
PEREZ B A E T 2[RRI 217 2 1%, & OPEREIZE 5-7 2 BRI RHEC L I AR
FOFHMNY 285 LN TED, 20O L9 RENIT TR OB R Z M EIBASS I 1EF
T HHFIEB R DB EPRER A L FE OO B T & TR RRE S 272 0 Bs D
A — RT7 v IO NE LEZ TS,

MI fi#AT CotTianT — &% 2 A L—XIZFHT B 72012, (DEEREICRHIA L7
WT— X RO TP T X DEE. QFFBEMTSBB LD -0 0T — X LBk
RED 2 OBMBNT /2 D, A T, ()OMSREFEBUC AT 72 B0 fiA LB o v 7
NI =T VAT LERN L, QOEEICOWTIZZ B~ 7T LT — X BEORFIF
M NEZMMIET 57 — X W FIR e r— A THBHT 5,
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[K405-2vn] New trends in photovoltaics: progresses and future
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Chair, Symposium organizer: Hisanori NAGATOMI, Shigeru lkeda, Tsutomu Miyasaka, Yutaka Matsuo
Thu. Mar 23, 2023 4:10 PM - 5:20 PM K405 (K405, Lecture Hall Bldg. [4F])

[K405-2vn-01] Exploration of Organic Photovoltaic Materials based on Machine
Learning and Microwave Spectroscopy
OAkinori Saeki' (1. Osaka University)
4:10 PM - 4:40 PM

[K405-2vn-02] Current Status and Future Prospects for Organic Photovoltaics
ltaru Osaka' (1. Hiroshima University)
4:40 PM - 5:10 PM

©The Chemical Society of Japan



K405-2vn-01 BALZS B1035SF4 (2023)

BHFE LMV DRSRICKDFEHRAGE MM B ORE
(BEABET ) Ot Mafe !

Exploration of Organic Photovoltaic Materials based on Machine Learning and Microwave
Spectroscopy (' Graduate School of Engineering, Osaka University) O Akinori Saeki'

Non-fullerene, a small molecular electron acceptor, has substantially improved the power
conversion efficiency of organic photovoltaics (OPVs). However, the large structural freedom
of m-conjugated polymers and molecules makes it difficult to be explored with limited
resources. Machine learning, which is based on the rapidly growing artificial intelligence
technology, is a high-throughput method to accelerate the speed of material design and process
optimization; however, it suffers from limitations in terms of prediction accuracy,
interpretability, data collection, and available data. This presentation discusses the trends in
ML-OPV publications, the NFA category, and the effects of data size and explanatory variables
on the prediction accuracy and explainability, which broadens the scope of ML and would be
useful for the development of next-generation solar cell materials.

Keywords : Machine Learning; Organic Solar Cells; Microwave Conductivity
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1) A. Saeki, K. Kranthiraja, Jpn. J. Appl. Phys. 2020, 59, SD0801. 2) A. Saeki, Polym. J. 2020, 52, 1307.
3) S. Nagasawa, E. Al-Naamani, A. Saeki, J. Phys. Chem. Lett. 2018, 9, 2639. 4) K. Kranthiraja, A. Saeki,
Adv. Funct. Mater. 2021, 31, 2011168. 5) K. Kranthiraja, A. Saeki, ACS Appl. Mater. Interfaces 2022,
14, 28936. 6) Y. Miyake, A. Saeki, J. Phys. Chem. Lett. 2021, 12, 12391. 7) Y. Miyake, K. Kranthiraja,
F. Ishiwari, A. Saeki, Chem. Mater. 2022, 34, 6912.
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Current Status and Future Prospects for Organic Photovoltaics (Graduate School of Advanced
Science and Engineering, Hiroshima University) Itaru Osaka

In recent years, the power conversion efficiency of organic photovoltaics has been
significantly improved. However, there still remains some important issues such as the
reduction of voltage loss, more specifically the trade-off between voltage loss and photocurrent
generation for the further improvement of the efficiency. In parallel, it is also important to
discuss what are unique applications for organic photovoltaics. In this presentation, I will show
and discuss the current status and future prospects for organic photovoltaics from these
viewpoints. [ will also show our recent results on the development of new m-conjugated
polymers and molecules that are used for semiconductors for organic photovoltaics.
Keywords : Organic Photovoltaics; n-Conjugated Polymers; Organic Semiconductors,
Fullerene; Nonfullerene
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1) M. Saito, H. Ohkita, I. Osaka, J. Mater. Chem. 4 2020, 8, 20213-20237.
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[K403-2pm] Frontier of new paradigm of molecular systems chemistry -

Elucidating mechanisms of concerted molecular functions
Chair, Symposium organizer: Kunihiko Ishii, Shun-Ichi Ishiuchi
Thu. Mar 23, 2023 1:00 PM - 3:40 PM K403 (K403, Lecture Hall Bldg. [4F])

[K403-2pm-01] Coherent vibrations and structural change dynamics of luminescent
molecular assemblies
OMunetaka Iwamura' (1. Toyama University)
1:05 PM - 1:35 PM

[K403-2pm-02] Light-driven self-oscillatory crystal — Concerted mechanical
function generated in a reaction system with varying kinetic rate
constants
OYoshiyuki Kageyama' (1. Hokkaido University)
1:35 PM - 2:05 PM

[K403-2pm-03] Single-molecule imaging of flexible biological molecules in action
by high-speed atomic force microscope
©Noriyuki Kodera' (1. Kanazawa Univ.)
2:05 PM - 2:35 PM

[K403-2pm-04] Neuronal cargo trasnport by multiple motor proteins
OKumiko Hayashi' (1. Tohoku University)
2:35 PM - 3:05 PM

[K403-2pm-05] Autonomous Disassembly of Circadian Clock System at Dawn
OShuji Akiyama'? (1. IMS, 2. SOKENDAI)
3:05 PM - 3:35 PM
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Coherent vibration and structural change dynamics of luminescent molecular assemblies
(Graduate School of Science and Engineering, University of Toyama) O Munetaka Iwamura

Femtosecond time-resolved absorption spectra of solutions of transition metal complexes
of gold and platinum forming oligomers were observed with strong beat signals in the
temporal profiles. The wavelength dependence of the beat intensity revealed the peak
wavelength of the excited-state absorption bands giving the osillations. The beat signals are
due to the stretching vibration between metal atoms in the oligomers. The vibrations are
initiated by bond formations between metal atoms generated by photoexcitation. By
examining the concentration dependence of these beat signals, we determined the assignment
of the absorption bands of some excited-state oligomers coexisting in the solutions.

Keywords - Metallophilic interaction; Nuclear wavepacket motion; Ultrafast spectroscopy,
Exciplex tuning; Aggregation induced emission
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DL PN ETRT, HbEAWZIAUCN)TZIZ U ET5 2608 RBEED
REEROERD 7 = A MR RN A LY MV ZFHII L7 2 &2 A IO
E— 7 RN Z OIREICHEWVIRE L T\ 5 Z A &= (Fig.l), B — ME=FITH
ER IR OMNAHZ T 5 2 &L TUHRE L TWDRINEEO B — 7 R ZIRE LT,
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1) M. lwamura, K. Nozaki, S. Takeuchi and T. Tahara, J. Am. Chem. Soc., 2013, 135, 538-541.

2) M. lwamura, A. Fukui, K. Nozaki, H. Kuramochi, S. Takeuchi and T. Tahara, Angew. Chem. Int. Ed.,
2020, 59, 23154-23161.

3) M. lwamura, R. Urayama, A. Fukui, K. Nozaki, L. Liu, H. Kuramochi, S. Takeuchi and T. Tahara,
Phys. Chem. Chem. Phys., 2023, in press.
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Light-driven self-oscillatory crystal — Concerted mechanical function generated in a reaction
system with varying kinetic rate constants ('Faculty of Science, Hokkaido University) O
Yoshiyuki Kageyama

Macroscopic functions of multimolecular systems of molecular machines under non-
equilibrium conditions attract increasing attention, with the aim of constructing life-like
autonomous objects and realizing autonomous molecular robots. Such research will take
advantage only when the composition of the system continuously changes and consequently
continues to perform mechanical work, even when the energy supply is constant without any
information. Such a system is known as far-away-from-equilibrium, which is the antonym of
steady state.! The composition of a multi-molecular object under a steady condition is generally
determined by the reaction kinetic coefficients in the object. It means that concerted
mechanisms to oscillate or fluctuate the kinetic coefficients are required for far-from-
equilibrium  dynamics. In our light-driven self-oscillatory crystal,” reversible
photoisomerization-induced phase-transition of the crystal acts as a bifurcation for switching
the kinetic coefficients of the photoisomerization. The oscillation in the component and the
repetitive morphological change causes the oscillation in the free energy of the object to realize
mechanical work. The physical background of the light-powered behavior will be discussed.
Keywords : Dissipative Self-organization, Autonomous Chemical System, Molecular System
for Energy Conversion, Systems Chemistry, Supramolecular Motor
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1) Discussion about the terminologies is written in Y. Kageyama and G. Maruta, arXiv:2211.06147.
2) Light-driven self-oscillatory crystal was firstly reported in T. Ikegami, Y. Kageyama, K. Obara, and
S. Takeda, Angew. Chem. Int. Ed. 2016, 55, 8239.
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Single-molecule imaging of flexible biological molecules in action by high-speed

atomic force microscope
(NanoLSI, Kanazawa University) ONoriyuki Kodera
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High-speed atomic force microscopy (HS-AFM) is a unique microscope that allows direct
observation of biomolecules in action. Particularly, flexible regions of proteins, which are
usually difficult to characterize by conventional structural methods can be directly visualized.
The performance of HS-AFM was demonstrated to characterize the dynamic structural features
of intrinsically disordered proteins, a protein group with flexible disordered regions. In this
presentation, after overviewing the principle and performance of HS-AFM, the movies
showing dynamic behaviors of biological molecules with flexible features will be shown.
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Neuronal cargo transport by multiple motor proteins (' Graduate School of Engineering, Tohoku
University) OKumiko Hayashi '

Synaptic materials are synthesized in the cell body of a neuron, and are delivered by motor
proteins to the synaptic terminal region aby way of a long axon. Motor proteins obtain energy
to transport the materials by hydrolyzing adenosine triphosphate molecules. Here, multiple
motor proteins work together to transport the materials. It is known that the persistence length
of transport is a significant physical parameter, and it is deeply dependent on the number of
motor proteins in charge of the transport. Then the increase and decrease of the number cause
abnormal synapse formations.

Keywords : Neuronal cargo transport;, Motor protein
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1) Application of the fluctuation theorem for non-invasive force measurement in living neuronal
axons. K. Hayashi et al., Mol. Biol. Cell 2018, 29, 3017.

2) Non-invasive force measurement reveals the number of active kinesins on a synaptic vesicle
precursor in axonal transport regulated by ARL-8. K. Hayashi et al., Phys. Chem. Chem. Phys.
2018, 20, 3403.

3) Investigation of multiple-dynein transport of melanosomes by non-invasive force measurement
using fluctuation unit. S. Hasegawa, et al., Sci. Rep. 2019, 9, 5099.

4) De novo disease-associated mutations in KIF1A dominant negatively inhibit axonal transport of
synaptic vesicle precursors Y. Anazawa, et al., Proc. Natl, Acad. Sci. 2022, 119, 2113795119.
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Aziridination of Styrene Derivatives Using Iminoiodinane Catalyzed by lodine and
Ammonium lodide (‘CIMoS, Institute for Molecular Science, NINS, “SOKENDAI) O Shuji
Akiyama,'?

In general, when a biomolecular complex that is deeply involved in a biological phenomenon
is discovered, research on the formation and structure of the complex tends to progress, while
research on the dissociation of the complex lags behind. The same is true for the circadian clock
system of cyanobacteria. The disassembly process of a ternary complex accumulated at night,
in which three Kai proteins (KaiA, KaiB, and KaiC) are bound, has not received much attention
from researchers. In this presentation, we will discuss how the "three physiological properties
of the circadian clock" emerge in the dawn phase when KaiC ATPase is conjugated with an
autocatalytic disassembly reaction ', and its relevance to other circadian clock systems, which
also dissociates at dawn.

Keywords : Circadian Clock; Cyanobacteria; ATPase,; Autocatalytic Reaction;
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1) Highly sensitive tryptophan fluorescence probe for detecting rhythmic conformational changes of
KaiC in the cyanobacterial circadian clock system. A. Mukaiyama et al. Biochem. J. 2022, 479, 1505-
1515.

2) Regulation Mechanisms of the Dual ATPase in KaiC, Y. Furuike et al. PNAS 2022, 119, €2119627119.
3) Elucidation of Master Allostery Essential for Circadian Clock Oscillation in Cyanobacteria. Y. Furuike
et al. Sci. Adv. 2022, 8, eabm8990.

4) Cross-scale Analysis of Temperature Compensation in the Cyanobacterial Circadian Clock System.
Y. Furuike, Commun. Physics, 2022, 5, 75.

5) Slow and Temperature-compensated Autonomous Disassembly of KaiB—KaiC Complex. D. Simon et
al. Biophys. Physicobiol., 2022, 19, ¢190008.
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Kojima
Thu. Mar 23, 2023 9:00 AM - 11:40 AM C1311 (1311, Bldg. 13 [1F] + Zoom)

[C1311-2am-01] A new strategy for gas purification using Ni/PoxIm complexes or
frustrated Lewis pairs
OYoichi Hoshimoto' (1. Faculty of Engineering, Osaka University)
9:00 AM - 9:20 AM

[C1311-2am-02] Biomimetic Metal-Oxygen Intermediates in Dioxygen Activation
and Formation Chemistry
SWonwoo Nam' (1. Ewha Womans University)
9:20 AM - 9:50 AM

[C1311-2am-03] Bond cleavage and catalysis based on nucleophilic activation via
metal = Z-type ligand interaction
OHajime Kameo' (1. Osaka Metropolitan University)
9:50 AM - 10:10 AM

[C1311-2am-04] Catalytic Reduction of CO2 based on molecular Fe, Co and Cu
complexes
OTAI CHU LAU" (1. City University of Hong Kong)
10:20 AM - 10:50 AM

[C1311-2am-05] Electrosynthesis-coupled CO, reduction and hydrogen evolution
reactions
OJianlin Shi' (1. Shanghai Institute of Ceramics, Chinese Academy of Sciences)
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A New Strategy for Gas Purification using Ni/Poxlm Complexes or
Frustrated Lewis Pairs

(Faculty of Engineering, Osaka University) O Yoichi Hoshimoto
Keywords: Hydrogen; Frustrated Lewis Pairs; Triarylboranes; N-Heterocyclic Carbenes;
Nickel

Gas separation/purification processes are especially important in the modern/future
industries, and thus the development of environmentally harmless and efficient
separation/purification procedures have been continuously awaited. Herein we report a
nickel complex bearing N-phosphine-oxide-substituted imidazolylidenes, which can be
applied for the reversible, reusable, and pressure-swing CO chemisorption at room
temperature.! We also report the triarylborane-catalyzed hydrogenation of heteroaromatic
compounds under the crude H, atmosphere including even excess CO and CO,, i.e. the
direct separation and simultaneous storage of H, from crude H to liquid organic hydrogen
carriers have been achieved (Figure 1).2
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Figure 1. Molecular-based catalysis for H, purification beyond well-established H» storage.

1) Y. Yamauchi, Y. Hoshimoto, T. Kawakita, T. Kinoshita, Y. Uetake, H. Sakurai, S. Ogoshi, J. Am.
Chem. Soc. 2022, 144, 8818. 2) T. Hashimoto, T. Asada, S. Ogoshi, Y. Hoshimoto, Sci. Adv. 2022, 8,
eade(0189.
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Biomimetic Metal-Oxygen Intermediates in Dioxygen Activation
and Formation Chemistry

('Department of Chemistry and Nano Science, Ewha Womans University) OWonwoo Nam'
Keywords: Biomimetic Chemistry; Nonheme Iron Enzymes; Dioxygen Activation; Dioxygen
Formation; Reactive Intermediates

Dioxygen is essential in life processes, and enzymes activate dioxygen to carry out a
variety of biological reactions. One primary goal in biomimetic research is to elucidate
structures of reactive intermediates and mechanistic details of dioxygen activation and
oxygenation reactions occurring at the active sites of enzymes, by utilizing synthetic metal-
oxygen complexes. A growing class of metal-oxygen complexes, such as metal-superoxo, —
peroxo, —hydroperoxo, and —oxo species, have been isolated, characterized spectroscopically,
and investigated in various oxygenation reactions. During the past decade, we have been
studying the chemical and physical properties of various reactive intermediates in oxygenation
reactions, such as high-valent iron(IV)- and manganes(V)-oxo complexes of heme and non-
heme ligands in oxo-transfer and C-H activation reactions, non-heme metal-peroxo complexes
in nucleophilic reactions, and non-heme metal-superoxo complexes in electrophilic reactions.
The effects of supporting and axial ligands on structural and spectroscopic properties and
reactivities of metal-oxygen adducts have been extensively investigated as well. In this
presentation, I will present our recent results on the synthesis and structural and spectroscopic
characterization of mononuclear nonheme metal-dioxygen intermediates as well as their
reactivities in electrophilic and nucleophilic oxidation reactions.
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Bond Cleavage and Catalysis Based on Nucleophilic Activation
via Metal — Z-type Ligand Interaction

(*Graduate School of Science, Osaka Metropolitan University) OHajime Kameo!
Keywords: Bond Activation; Z-type Ligands; Fluorosilanes; Coupling Reactions;
Palladium Complexes

Lewis acidic (LA) ligands have attracted great interest over the last decade thanks to
their unique properties. One of the most notable features is their ability to function as
o-electron acceptor (Z-type) ligands for transition metals (TMs). The presence of LA
moiety around a TM strongly influences the reactivity of the TM complex and allows
unconventional metal-ligand cooperation, leading to versatile applications in catalysis. In
addition, the Z-type ligand itself has an interesting electronic state on account of the
nucleophilic activation via o-donation from TM. We recently developed the first
cross-coupling reactions of the fluoro-silanes and -germanes as coupling partners.!> The
coordination of the fluoro-silanes and -germanes with the TM as Z-type ligands presents a
new approach to bond activation. In this case, the TM acts as a Lewis base and efficiently
weakens the Si-F and Ge-F bonds via TM—c*(E-F) interactions (E = Si and Ge). The
synergistic action of an external LA allows for the cleavage of strong Si—F and Ge-F bonds.
This could be employed in the Si—C and Ge-C cross-coupling reactions of fluoro-silanes
and -germanes.

R! R S|Ia-Neg|sh|.CoupI|ng R! R LA R
N Ni(0) or ! @ L
~® Pd(0) cat. ~Ar £ R
+ ZnArp ——  » AN
PR, L.A. PR, P’/[M]
R! R Germa-Suzuki Coupling R' R! Re
=% Ni(0) or x4 E =8i Ge
Pd(0) cat. ®<R2 M] = Ni, Pd
sull’ L Sougn
PR L.A. Nucleophilic Activation via
2 R2= aryl, Bn PRz

Z-type M—c*(E-F) interaction

1) H. Kameo, H. Yamamoto, K. Tkeda, T. Isasa, S. Sakaki, H. Matsuzaka, Y. Garcia-Rodeja, K.
Miqueu, D. Bourissou, J. Am. Chem. Soc. 2020, 142, 14039.

2) Kameo, H.; Mushiake, A.; Isasa, T.; Matsuzaka, H.; Bourissou, D. Chem. Commun. 2021, 57,
5004..
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Catalytic CO2 reduction based on molecular Fe, Co and Cu

complexes

(!Department of Chemistry, City University of Hong Kong, Tat Chee Avenue, Kowloon Tong,
Hong Kong, China) O Tai-Chu Lau'

Keywords: CO, reduction; Metal Complexes; Electrocatalysis; Photocatalysis

The search for green and economical renewable energy sources is one of the most

important challenges facing scientists in the 21% century. One of the most promising sources of
carbon neutral and renewable energy comes from the reduction of CO; to generate various fuels,
including CO, methanol or light hydrocarbons. Since CO:s is a stable molecule, in order for this
process to occur at reasonable rates with low over-potentials, an efficient catalyst is required.
Ideally, the energy required for CO; reduction should be obtained from solar energy, since more
solar energy strikes the earth in one hour than can be consumed by the whole planet in one year.
Sunlight can also be first converted to electricity in photovoltaic cells, which can then be used
for electrocatalytic CO- reduction in the presence of a catalyst.
In this presentation, we will describe our work on the design of highly active and robust
homogeneous CO; reduction catalysts based on molecular transition metal complexes. In order
to be economically viable, the complexes should be made from earth-abundant metals, such as
Mn, Fe, Co, Ni and Cu. We are interested in molecular catalysts because their structures are
more well-defined and in general they have higher catalytic activity which can be readily tuned
by systematic variation of the ligands.

[1] L. Chen, Z. Guo, X. G. Wei, C. Gallenkamp, J. Bonin, E. Anxolabehere-Mallart, K. C. Lau, T. C.
Lau, M. Robert, J. Am. Chem. Soc. 2015, 137, 10918-10921.

[2] Z. Guo, S. Cheng, C. Cometto, E. Anxolabehere-Mallart, S. M. Ng, C. C. Ko, G. Liu, L. Chen, M.
Robert, T. C. Lau, J. Am. Chem. Soc. 2016, 138, 9413-9416.

[3] Z. Guo, F. Yu, Y. Yang, C. F. Leung, S. M. Ng, C. C. Ko, C. Cometto, T. C. Lau, M. Robert,
ChemSusChem 2017, 10, 4009-4013.

[4] M. Wang, L. Chen, T. C. Lau, M. Robert, Angew. Chem. Int. Ed. 2018, 57, 7769-7773.

[5] C. Cometto, R. Kuriki, L. Chen, K. Maeda, T. C. Lau, O. Ishitani, M. Robert, J. Am. Chem. Soc. 2018,
140, 7437-7440.
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Compounds Electrosynthesis-coupled CO2 Reduction and
Hydrogen Evolution Reactions

(G Shanghai Institute of Ceramics, Chinese Academy of Sciences) OJianlin Shi !
Keywords: Electrosynthesis, CO; reduction, hydrogen evolution

The ever-increasing energy consumption and environment protection demands more
and more clean energy supply, and the hydrogen energy instead of traditional fossil energy
is currently one of the most promising ways for the clean energy generations. The
electrochemical water splitting is one of the most important avenues of high-purity
hydrogen productions, which, unfortunately, suffers from the over-high -electricity
consumption at the anode for oxygen evolution of low value. This presentation
demonstrates that the small organic molecule oxidations substituting for the conventional
water oxidation at the anode, in coupling with the cathode hydrogen production from water
reduction, is currently the most attractive and effective way of greatly reducing the energy
consumption of hydrogen production, and moreover, the production of valuable chemicals
instead of oxygen. The small organic molecules candidates could be the alcohols, aldehyde,
and so on.
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Exploring spin functions in metal-organic frameworks

(Graduate School of Engineering, Kyushu University) (ONobuhiro Yanai
Keywords: Spin Functions, Metal-Organic Frameworks, Quantum Sensing

The second quantum revolution is underway and quantum technologies such as
quantum computers and quantum sensing are attracting increasing attention. Molecular
materials have great potential as quantum materials due to their high structural uniformity,
controllability, and variety.” Among them, we have focused on the use of photo-excited
triplets as a spin source. Photo-excited triplets show high electron spin polarization even at
room temperature, and have a relatively long electron polarization lifetime of about
microseconds. To control the assembly structure of the excited triplet and to make it
responsive to external stimuli, we used metal-organic frameworks (MOFs) as a platform.
Triplet chromophores were introduced into the nanopores of MOFs as guest molecules or
densely arranged in the MOF structures as ligands.

In this talk, I will present our recent studies on the creation of spin functions by such
complexation of triplets and MOFs. For example, we propose a new quantum sensor design
in which the coherence time changes in response to a variety of analytes at room
temperature. We introduced the photoexcited triplet to a MOF that can flexibly change its
pore structure in response to  Triplet qubit
guest adsorption. By changing /
the local molecular density

around the triplet qubits by + J \ .
adsorption of a specific analyte, 4 !\.\ Q
the mobility of the triplet qubit , Guest '\/\

can be changed, and the adsorption

coherence time can be made Responsive MOF

responsive.” Furthermore, we

have succeeded in transferring the polarization from the electron spins of the triplet to the

nuclear spins of the MOFs and guest molecules.*® This is expected to lead to increased

sensitivity in NMR and MRI of diverse biomolecules including drugs and cancer probes.
Modification of the chromophore units with metal coordination sites such as

carboxylates or pyridines allows them to be densely arranged in MOFs. By photoexcitation

of such MOFs, not only polarized triplet electron spins but also ultra-long-lived polarized

radical electron spins have been successfully generated. Furthermore, we have succeeded in

efficiently generating triplet pairs in the quintet state by inducing singlet fission in MOFs.

1) M. R. Wasielewski et al., Nat. Rev. Chem., 2020, 4, 490-504.

2) A. Yamauchi et al., ChemRxiv, DOI: 10.26434/chemrxiv-2022-4hns;.

3) S. Fujiwara et al., J. Am. Chem. Soc., 2018, 140, 15606-15610.

4) S. Fujiwara et al., Angew. Chem. Int. Ed., 2022, 61, ¢202115792.
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Microenvironment Modulation in Metal-Organic Framework-Based
Catalysis

(Department of Chemistry, University of Science and Technology of China, Hefei 230026, PR
China) OHai-Long Jiang GIi&1¥)

Keywords: metal-organic frameworks; heterogeneous catalysis; microenvironment
modulation

The fine design and regulation of catalysts play critical roles in the development of
catalysis. The microenvironment, which gives rise to unique spatial structures and electronic
properties around catalytic sites, has been proven to dramatically regulate catalytic behavior in
enzymes and homogeneous catalysis. However, understanding the microenvironment
modulation (MEM) of catalytic sites remains challenging and very limited in heterogeneous
catalysis mainly due to the lack of structural precision and/or tailorability of traditional solid
catalysts. Among diverse materials, metal-organic frameworks (MOFs), a class of porous
crystalline solids, have been intensively studied as heterogeneous catalysts in recent years. The
atomically precise and well tunable structures of MOFs make them an ideal platform for
rationally regulating the microenvironment surrounding catalytic sites. Accordingly, their well-
defined structures hold great promise for elucidating how the microenvironment modulation
affects the resulting catalytic performance. In this talk, | will present our recent research results
in the enhanced catalysis over MOF-based materials via microenvironment modulation.

1) H.-L. Jiang, D. Mei, C. Zhong, et al. Nat. Catal. 2021, 4, 719.

2) J.-D. Xiao, H.-L. Jiang, Acc. Chem. Res. 2019, 52, 356-366.

3) L. Jiao, J. Wang, H.-L. Jiang, Acc. Mater. Res. 2021, 2: 327-339.

4) L. Li, Z. Li, W. Yang, Y. Huang, G. Huang, Q. Guan, Y. Dong, J. Lu, S.-H. Yu, H.-L. Jiang, Chem
2021, 7, 686-698.

5) L. Li, Y. Li, L. Jiao, X. Liu, Z. Ma, Y.-J. Zeng, X. Zheng, H.-L. Jiang, J. Am. Chem. Soc. 2022, 144,
17075-17085.
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Highly Selective and Efficient Uranium Extraction from (Sea)Water by
Porous Materials: Clean Energy and Safe Drinking Water

Prof. Sujit K. Ghosh
Department of Chemistry, I1ISER Pune, Pashan, Pune-411008, India.
E-mail:
Webpage:

Recently, uranium extraction from seawater (UES) is considered one of the seven chemical
separations, which have the potential to change the world, due it’s huge potential as carbon
free clean nuclear energy. However, UES is extremely challenging due to its ultra-low
concentration (~3.3 ppb). On the other hand, Uranium (U) contamination of groundwater is
another major concern due to its toxic nature. | will discuss about highly selective and
efficient Uranium extraction from natural seawater and ground water by a functional metal-
organic framework (MOF) for potential applications of Uranium as renewable, clean and
green energy source and for safe drinking water.
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Supramolecular Framework Catalyst: New Strategy for
Small/Organic Molecule Transformations

(*Graduate School of Engineering, Osaka University, >’JST PRESTO) OMio Kondo!~
Keywords: Framework Catalyst; Small Molecule Transformation; CO, Reduction;
Electrochemistry; Photochemistry

Development of catalysts for small-molecule transformation 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. In nature, small molecular transformations are efficiently promoted by
catalytic systems in which a catalytic center and surrounding reaction field are synergistically
integrated. Therefore, the construction of reaction field suitable for the catalysis is expected to
be essential to drive small molecule transformations efficiently in artificial catalytic systems.
In this study, we aimed to construct novel catalytic systems for small molecule transformations
by controlling reaction fields surrounding catalytic centers.

We recently introduced the concept of supramolecular framework catalyst, which are
constructed by the self-assembly of discrete catalyst modules bearing catalytic site and

intermolecular interaction sites via '
noncovalent interactions, as a novel
strategy for controlling the reactions field ) >

surrounding catalytic centers. By using J
this concept, we have developed a novel
supramolecular framework catalyst which

possesses (a) catalytic center, (b) capturing
sites for CO,, and (c) accumulation sites :;:@2
for CO,. As a result, CO; reduction |adjacent active sites

reaction selectively promoted even in
aqueous solutions.! We also revealed that "“é‘%"%«o

the obtained material can function as a

highly active catalyst for visible-light-

hydrophobic pores

driven CO, reduction.? The catalytic
activity of our system for CO, to CO conversion was the highest among the relevant catalytic
systems. The performance of our system is also excellent in terms of the appar-ent quantum
yield for CO production (AQYco) and robustness. More recently, we have succeeded in the
development of a supramolecular framework catalyst which can catalyze organic molecule
transformations.

1) M. Tasaki, Y. Okabe, H. Iwami, C. Akatsuka, K. Kosugi, K. Negita, S. Kusaka, R. Matsuda, M. Kondo,
S. Masaoka, Small, 2021, 2006150. 2) K. Kosugi, C. Akatsuka, H. Iwami, M. Kondo, S. Masaoka,
submitted.
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Catalytic application of atomically precise metal nanoclusters

(!School of Chemistry and Chemical Engineering, Nanjing University) OYan Zhu!
Keywords: Cluster; Activity; Catalysis; CO»

Atomically monodisperse M, nanoclusters are ideally composed of an exact number of
metal atoms, e.g., n ranging from a dozen to hundreds (equivalent diameter from
subnanometer to about 3 nm). These nanoclusters are unique and vastly different from their
larger counterparts — metal nanocrystals (typically 3-100 nm). Small M, nanoclusters (e.g.,
n < 100) behave like molecules and exhibit strong quantum confinement effects; relatively
larger ones (100 < n <1000) exhibit intermediate properties between molecular behavior and
metallic properties. Overall, the non-metallic behavior of M, in both size regimes is
particularly important for nanocatalysis. More importantly, on the basis of their atom
packing structures and unique electronic properties, these M, nanoclusters will permit a
precise correlation of particle structure with catalytic properties and also allow for
identification of catalytically active sites on the metal nanoparticle. This has long been the
number one important task in nanocatalysis. In this report, I will put particular emphasis on
chemical fixation of CO, into organic molecules, such as alkyne, epoxide and amine, over
metal cluster catalysts, and will also provide the perspectives on some issues for catalytic
conversion of CO; over atomically precise metal clusters in future catalysis research.
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Exploring New Compounds from Oxides to Organic-Inorganic
Hybrids

(Laboratory for Materials and Structures, Tokyo Institute of Technology) O Takafumi
Yamamoto
Keywords: Oxide; Organic-Inorganic halide; Perovskite

Oxide ceramics have a long time been studied in solid-state chemistry field due
to their accessibility, stability, functionality, and so on. Chemists usually substitute metal
ions for oxides in order to explore new compounds or tune their properties. Recently,
mixed-anion or multiple-anion chemistry' has attracted attention due to their flexibility in
composition, structures, and properties compared to single-anion chemistry. Furthermore,
organic-inorganic hybrid halide perovskites, which contain molecular ions, have attracted
considerable attention for photovoltaic materials due to their optical properties, low—cost
fabrication, and long carrier lifetimes. When one compares molecular ions and elemental
ions, molecular ions have numerous varieties of composition and much size flexibility.
Furthermore, molecular ions have unique shapes away from spheres. Thus, the
incorporation of molecular ions into ceramics would provide further diversity in
conventional solid-state chemistry.

In this presentation, I would like to introduce my recent works for exploring
new compounds. I have recently synthesized new oxyhydrides® and oxynitrides® by using a
high-pressure method or topochemical reaction. I will also introduce my recent contribution
to organic-inorganic hybrid compounds containing thiocyanate ions (SCN-).*

B Mixed-anion Organlc-ln_organlc
compounds hybrids
09 o0 e® 0®

Y “wg
YWY ww

Single anion Multiple anions Molecular ions

1) a) H. Kageyama et al. Nat. Commun. 2018, 9, 772. b) J. K. Harada et al. Adv. Mater. 2019, 31,
1805295. c¢) K. Maeda et al. Bull. Chem. Soc. Jpn. 2022, 95, 26. 2) a) T. Yamamoto et al. Nat.
Commun. 2017, 8, 1217. b) T. Yamamoto et al. Chem. Mater. 2018, 30, 1566-1574. c) K. Miyazaki et
al. Inorg. Chem. 2021, 60, 15751. 3) T. Yamamoto et al. Nat. Commun. 2020, 11, 5923. 4) a) T.
Yamamoto et al. Inorg. Chem. 2020, 59, 17379. b) T. Ohmi et al. CrystEngComm 2022, 24, 5434.
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Structural Chemistry and Photofunctions of Multinuclear
Complexes of Typical Elements

(‘Graduate School of Engineering, Kyushu University, *Center for Molecular Systems
(CMS), Kyushu University) OToshikazu Ono'?

Keywords: Boron Complexes; Aluminum Complexes; Chirality; Multicolor Luminescence;
Circularly Polarized Luminescence

In the research of functional dyes, materials showing strong fluorescence properties in
solution or in the solid-states, especially those showing two types of left- and right-handed
circularly polarized luminescence (CPL) are attracting much attention. Chiral luminescent
materials based on binaphthyl, helicene, cyclophane, cyclic structures, metal complexes,
and molecular assemblies have been reported as CPL materials. Among these, metal
complexes are a suitable platform for the development of CPL materials because they form
a variety of chiral structures depending on the coordination form between the ligand and the
metal ion. However, the ease of the complex formation is a trade-off with stability, so that
even if chiral complexes are obtained, racemization can lead to loss of CPL activity. Metal
complexes that combine chiral stability and strong luminescence have been studied
intensively in recent years. Against this background, we present here the development of
functional dyes based on multinuclear typical-element complexes, and their chiroptical
properties.

First, we hope to present the synthesis of dinuclear triple-stranded helicates composed
of consisting of a ligand with two bidentate ligands and AI(IIl) ions (ALPHY)."! These
complexes were obtained as helical complexes by simply suspending a Schiff base
composed of commercially available formyl pyrrole and hydrazine, aluminum chloride, and
triethylamine as a base in toluene and refluxing. Depending on the substituents, the obtained
complexes emit blue, yellow, and orange in solution and in the solid -states, and their
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cmission colors /~NH Further modification
correlate with the = /N~N//\© >
conjugation of the HN- . JIJ D&(_ ‘
. 13 \% \ r’q
ligands and the Al N N
. AL —

twist angles. In ,Nu N& PN %
other words, the Ligand =/ | \= Optical

. ’ modification (Pyhelicate (M)-helicate resolution
aluminum metal )\
. 10 (M)-helicate
10n was not ¢ - gs
involved in S0

. 2\ ( \ 5
absorption or f’ N (Pyhelicate
. ,/ 10 !
luminescence  but 450 ”&aveéﬂ"gmm?ﬁ? %0
Multicolor Emission in Solution and in the Solid-states Circularly Polarized Luminescence (CPL)

showed a role as a
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binder to construct the helical structure. Notably, the absorption and emission spectra
showed a large Stokes shift with almost no overlap, suggesting that the complex exhibited a
large structural relaxation in the excited state. Since the resulting complexes were suggested
to be racemic by single crystal X-ray structure analysis, chiral column chromatography was
used for optical resolution into right-handed (P-form) and left-handed (M-form) complexes.
CPL measurements of each enantiomer revealed that the complexes are chiral luminescent
materials with corresponding multi-colored CPLs in solution and in the solid-states. The
obtained complexes are so stable that they do not decompose or racemize in heated toluene
or DMSO, which was attributed to the chelating effect between aluminum ions and
multidentate ligands as well as to the sterically surrounded structure of the aluminum ions
by the ligands. It is also clear that such helical complexes can be synthesized with Ga(IlI)
and In(I1I) ions. 2 Heteroleptic complexes have also been synthesized by mixing ligands.?
Then, we hope to present the synthesis of tetra BF, complexes consisting of four
bidentate ligands with 2,2'-bipyrrole skeletons (BOPPY-dimer).** They can be synthesized
from the corresponding Schiff base ligands, resulting in a series of materials that exhibit a
variety of emission colors, high quantum yields, and large Stokes shifts. Single crystal
X-ray structure analysis and computer calculations revealed that all the complexes exhibit
flag-hinge structures and are excellent dyes with up to 100% fluorescence quantum yields,
depending on the molecular structure. In particular, the introduction of axial chirality at the
2,2'-bipyrrole moiety of the complexes allowed them to develop CPL properties by optical
resolution into R and S isomers. Furthermore, the use of bromine-containing compounds as
precursors enabled Suzuki-Miyaura coupling with various borate esters and the synthesis of
a variety of derivatives.® As a result, in addition to the luminescence color change, we were
able to demonstrate the designability of CPL materials with a high dissymmetry factor (g)
up to the order of
102, In this Tetra BF, complexes
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1) T. Ono and K. Ishihama et al., Angew. Chem. Int. Ed. 2021, 60, 2614. 2) K. Ishihama, T. Ono et al.,
Bull. Chem. Soc. Jpn 2021, 94, 616. 3) Y. Konishi and T. Ono et al., in preparation. 4) L. Cui, H.
Shinjo and T. Ono et al., Angew. Chem. Int. Ed. 2022, 61, €202204358. 5) L. Cui and T. Ono et al., J.
Phys. Chem. C 2022, 126, 18152. 6) L. Cui and T. Ono et al., J. Mater. Chem. C. 2023, in press.
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XAFS OEMDERE — XAFS OEHE L& KimicHA

(RAHRSL R '+ ESICB 2 - ReHES 2) 2R #ih
Introduction to XAFS — Fundamentals and Advanced Applications of XAFS
(Tokyo Metropolitan University' = ESICB ? » ReHES *)OTetsuya Shishido

XAFS (X-ray absorption fine structure) spectroscopy is an element-selective analytical
technique to identify the local structure and electronic state of target atoms in materials. It is
an attractive technique with a wide range of applications for chemists, including the ability to
obtain structural information on amorphous materials as well as crystals, to analyze samples of
various shapes and states, and to change the environment (atmosphere, temperature, etc.) is
performed. In fact, XAFS spectroscopy has been applied in a wide range of fields such as
catalysts, batteries, environment, cultural assets, surfaces, complexes, etc. Linked to the
development of synchrotron radiation, XAFS spectroscopy is further expanding its range of
applications as the measurement methods become more sophisticated and diversified. In 2024,
the next-generation synchrotron radiation facility "NanoTerrace" will be put into operation, and
the range of applications is expected to expand with further advancement, including
improvement of time and spatial resolution.

In this talk, I will give an introductory talk about the fundamentals of measurements and
analysis of XAFS. In addition, advanced applications will be briefly introduced.

Keywords : X-ray absorption fine structure

XAFS(X-ray absorption fine structure)77 1L X, WEFICE D RIR 1O Rk
& BIRBEARD LN TE L NRBRN ST FIETH D, Fid7ET TR
e EME OREFE R OND | Frx RIBIR - REBORE 2 0t TE 5. HIE DB
GRS - IR L) 22 LI EDH T ENTE L2 ELFEHIC & o TUSHEFAN AN
WENRRFETH D, FE M, B, BREE. U, Rim, $5A72 SRRV 8
TICH STV 5, XAFS Z00tiEiE, o v o7 L, JlEEo&ElR - £
BRAEDETe & & IS HEIH D S DA D 2 BT 5, 2024 F121E, IR
Jehizk [ 77 A OEENFHEIND L, 5%, S OICRERFRRE - 220 fitEe D
f] ba2 G tem B L E A, ORI PHFITILRT 5L E 2 b5,

AGHH TIL, XAFS O L LT, —RAIZRMELE L RG22l L, &I 2
< —fREI72 XAFS EBR L 7 — H T O A A=V %A TWIZEE TN EZZ TN D,
S HIT, SIS HER & I HICHET T 5 TETH D,

1) HZA XAFS #F9e2m, “XAFS OERE L ISH” (2017) .
2) HALKRT EEBEAYA RX—var s Av— MR EL X —
https://www.sris.tohoku.ac.jp/
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in-situ XAFS IZ &k 2 € EEILY Y 5 X 2 —fiE D FEHT

(BEOSERBEEE T S &N 2) (LR Jlke] 12

Analysis of metal oxide cluster catalysts by in-situ XAFS ((' Graduate School of Science, Tokyo
Metropolitan University, *Precursory Research for Embryonic Science and Technology, Japan
Science and Technology Agency) Seiji Yamazoe,'*

It is significant to elucidate the electronic and geometric structures of active sites on the
metal oxide surface to understand their catalysis. X-ray absorption fine structure (XAFS) is a
powerful tool that can elucidate the electronic state and geometric structure of catalysts during
reactions. Recently, time-resolved XAFS measurements by QXAFS and high-energy resolution
measurements by HERFD-XANES have been developed and changes in the electronic state
and geometric structure of catalysts during reactions can be investigated. We have found that
group V (Nb, Ta) metal oxide clusters (polyoxometalate, POM with uniform size and geometric
structure worked as strong base catalysts with high activities for Knovenagel condensation
reactions and carbon dioxide fixation reactions. In this presentation, we report recent results on
the elucidation of active catalysts and active species for catalytic reactions using POM by in-
situ XAFS, QXAFS, and HERFD-XANES.

Keywords : X-ray absorption fine structure, in-situ XAFS, HERFD-XANES, metal oxide
cluster, polyoxometalate

&JBER LR COfMBVER 2 B9 5 ¢, iR T oo TR IR B RUG
FOVEMEY A N OREELL 2B ST 5 2 L 3D THRETH 5, %
W2 X BRI & (XAFS) X, JeR BRI SIS HIZ 1T 5 &R0 B iR b fit
PO E IR TS 2 R T X 29 ) 2 E FIETh D, il TlL QXAFS I &
2 R EHR (B4 fRRE 1s LLF) <° HERFD-XANES (T L % & = % L — 453 fig 2
DAREIZ72 0 | SOSHIC I T D il D B IRAECR T IE DL 2Bl 325 2 & 3 A]
REIC72 > CETWD, Fx X VIE (Nb,Ta) OD&BEERILM Y 7 A% — (KU AF R
% L — k., POM) 7% Knovenagel i i Fefb R & EE LS T @V EME 2 2~ 3
SRIEEAMIE CTH D Z LA R LT D 12, AGEHE CIX, LFLo XAFS JIEE A B
% Z & THLMNIZ LTz, [NbeOio]¥ D3R T MK SRR OEJR, ATF LA R~
D bR FEEEACBOST I T D I IR RTIEME LI . = b = RO KBS
UNEM: & R R4 — POM A ISt O — STASREMBEEH Dc >\ TR 5,

1) S. Hayashi, N. Sasaki, S. Yamazoe, T. Tsukuda, J. Phys. Chem. C, 2018, 122, 29398.

2) S. Kikkawa, M. Tsukada, K. Shibata, Y. Fujiki, K. Shibusawa, J. Hirayama, N. Nakatani, T. Yamamoto,
S. Yamazoe, Symmetry, 2021, 13, 1267.

3) S. Kikkawa, S. Fukuda, J. Hirayama, N. Shirai, R. Takahata, K. Suzuki, K. Yamaguchi, T. Teranishi,
S. Yamazoe, Chem. Commun., 2022, 58, 9018.
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XAFS 2k 5 70—/ 7 L /LB S/ KA

(UBE' « JUJMIK 2 « PERIT 3« ml BRI AIEE 4) OfF 0 HEX V2 - Pk 23 - K]
[ G AN N Rl S LR =YL Rl iV G Il AN

XAFS analysis of flow-synthesized core-shell nanoparticle catalysts('UBE Corporation,
2Department of Chemistry, Graduate School of Science, Kyushu University, *Interdisciplinary
Research Center for Catalytic Chemistry, National Institute of Advanced Industrial Science
and Technology, *Japan Synchrotron Radiation Research Institute) OYuta Hashiguchi,"? Isao
Nakamura,® Tetsuo Honma,* Toshiyuki Matsushita,! Haruno Murayama,> Makoto Tokunaga,’
Tadahiro Fujitani’

Reducing the amount of Pt used as a cathode catalyst is essential for expanding the use of
polymer electrolyte fuel cells (PEFCs), and core-shell catalysts are attracting attention as a
solution. ' However, existing methods (e.g. copper under potential deposition (Cu-UPD)
method) for the synthesis of core-shell have low productivity due to the complexity of the
process and the batch reaction system. Therefore, there is a need to establish a highly productive
core-shell catalyst synthesis process. Recently, flow synthesis has been attracting attention as
a highly productive process capable of continuous production. We have therefore developed a
flow synthesis method for Pd core-Pt shell (Pd@Pt) catalysts, aiming to establish a synthetic
process for core-shell type catalysts with both high productivity and a high degree of catalyst
structure control.

After investigating various process parameters, Pd@Pt/C catalysts have been successfully
synthesized in a flow reactor using K,PdCls as a Pd precursor, H>PtCls as a Pt precursor, and
NaBH, as a reductant. 2 However, the oxygen reduction reaction (ORR) activity of the resulting
flow-synthesized Pd@Pt/C was lower than that of the Cu-UPD synthesis catalyst. The reason
might be the non-uniformity of the Pt shell structure which was proved by XAFS analysis.
Therefore, we investigated the precise control of the Pt shell structure by optimizing various
process parameters. Because of the wide range of process conditions to be optimized, we
developed a high-throughput flow system and used it to rapidly evaluate various conditions. It
was found that the reduction rate of the Pt precursor has a significant effect on the structure of
the Pt shell. After optimization of the above conditions, one-atomic layered Pd@Ptimi/C was
successfully synthesized with a uniform structure of Pt shell by using 2-MePy-BHj3 as a
reductant. Then the Pd@Ptm/C was evaluated for the ORR reaction, and it resulted in about
three times higher mass activity than that of commercial Pt/C, which suggests that this flow
method is an alternative to the Cu-UPD method for the synthesis of core-shell catalysts.
Keywords : XAFS; Pd@Pd core-shell catalysts; Flow synthesis;, Oxygen reduction reaction;
Fuel cell catalysts

[ {4 15 5 T TR EFE M(PEFC) D% K ERKIZIE, 7 Y — Rt L THOWSR TV D
Pt OFHBKBALERAIRTHY . TOMRELE L Ta 7 = /VIEERER &h
TWB D, L, l—7 v ¥ —KRT v AT (Cu-UPD)ESS OBEAFIAIT TR N E
MO N FRTH DO AEEMNMENE WIHIRERDH D Z L0 b AFEEOFE N
T = VRO BT a ADMENL R D BTN D, T, 7 e —Akid, EisiA
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FEMAIRE CAEMEOEm T rE AL LTHEINTWD, £ 2 THA X, @WAEESE
B L OE E A R S R 2 WS L o 7 S = AR O S RIEESI A B L LT,
Pd =27 Pt ¥ = /L(Pd@PHfiil > 7 0 — A RIEDBIR 21T > T & 7=,

Z ORGSR, Pd AIBRA & LT KoPdCly, Pt fIBR{R & LT HoPtCle, Al & LT NaBHy
MWD Z LT, PA@PYC D 7 o —ERUTEEI L7z 2, LinLen b, fFoi
7 1 —4& K PA@PY/C DEEFEIE L S(ORRYEMEZ M L7= & = A, Cu-UPD {EA ki fik
BEZ LR TETE T o o 72, XAFS 12 L DA EMAT OFE S0 D | RIS O JFR T Pt &
TIUEEDO AR — SRR T Z E R LNTR o722 &0, Pt ¥ = LR
ERet Uiz, st & 7w AR ZGIChb=5 2 b N A—T > b
7 u— AR E A B U SRS A TGRSR L 2R S Pt ATBRIR O TTHE 2N Pt
VI UIBEICREREELEZ D2 LA AN LT, S 612, RMEOEELET > 12
R, BILAIE LT2-MePy * BH; # V5 Z & T, B~ 1 HFEO Pt = /L a2AT
% PA@Ptiy/C DEFRIZREY LTz, b7 7 n—4k PA@Ptw/C filiE o 73 H7 i 5
ZX 112779, TEM-EDS i (K A) £V, ZOK A Pd =27 & Pt =/LEiET
R STV D Z MR STz, F 72, XAFS i DR, Pt-Pt BAAZ S 5.6, Pt-
Pd B33 24 THDH Z ENREI NIz, 2O OEMNIEIT Pd BIC 1R FJED Pt v =
IBTERL S T2 6 OB (Pt-Pt B £k 6, Pt-Pd BT 3) L —FHT 52 &
NH, FHEEE LTH 1 EFEOPt Y 2 V2T 52 &R ERINT-,

B — Pd@Pt, /C
— Fitting

FT magnitude / arb. unit

7 1 Pt Pt + Pd

) )
R/ nm

%] 1. PA@ Pty /C filiiiE > TEM 35 L T8 XAFS 490G 5

%2, PA@PtIML/C ® ORR {EMEFHIi 21T -7 & 2 A, PYC OF) 3 {5 O H EE
Zoas LTz, ZAUE Cu-UPD & RAREEIZ LT 5 ORRIEMETH L Z &b, A7 o —
51T Cu-UPD DR L 720 2 5 a7 3 = VLD ARRIETH 5 Z L DR S iz,

ARV TFE NI FEBRSETE AT = L X — « BEEITR A BRI (NEDO) D &L
B(P16010) D RAF HLle b D TT,

1) R. Jiang, S.O. Tung, Z. Tang, L. Li, L. Ding, X. Xi, Y. Liu, L. Zhang, J. Zhang, Energy Stor. Mater.,
2018, 12,260

2) Y. Hashiguchi, F. Watanabe, T. Honma, 1. Nakamura, S. S. Poly, T. Kawaguchi, T. Tsuji, H. Murayama,
M. Tokunaga, T. Fujitani, Colloids Surf.- A Physicochem. Eng. Asp.,2021, 620, 126607
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B EMIEIEZIZE T DH XAFS OER

(KBRS« BOK ICS-OTRT? - #R4fF BDRY) OfEfT #Ak 22
Application of XAFS in organometallic chemistry (‘Osaka Univ., 2ICS-OTRI, Osaka Univ.,
SRIKEN BDR) OYuta Uetake'*"

X-ray absorption spectroscopy (XAS) is a powerful technique to analyze the electronic state
and structure of molecules. However, its application to the mechanistic study on homogeneous
catalytic reactions and the electronic structure analysis in organometallic complexes have been
still limited. The speaker has developed measurement equipment and apparatus suitable for
solution-phase XAS experiments, and has shown that this method is quite useful to understand
the reaction mechanism and electronic nature of transition-metal complexes. In this
presentation, I will show some examples from the previous studies that are considered to be
useful for future XAS users in the field of organic chemistry.

Keywords : XAF'S, homogeneous catalysts; electric structure analysis, local structure analysis

X BRI G361k (XAS, XAFS) 1E, ARE— R EA TSR 72 & D43 Bz 0
T, ZORPHEECE FIREZH LT 28Ry —ATH O | KK HWHRTWY
Do —H T, ABEEEZ DY RS IC BV TIE XAS OIERITEL 72—
R TIE2 W, TOHEEBLE LT, XAS 6 ED L) WEERNE LN 2 2o
THEVHOLN TN EITZ, —RICAREEFHZNLETH S 2 L0, JE
WZLBEREREMAZ OV TIHERAR - HERITOI TR ST ENIERRH D,

AFEE Tl a2 E TIosE LT 72 XAS W 28— RS D A 5
=R LGRS, A B SE RO B T IREEFENT OWFZEH 2 Hhaas, XAS D ED XD
RIERNE LN, &9 Vo m@EmN iR DM OWTHEST 5 75 b &b EHA
AL EER T, ST 25 & Lo 7iF9E s GERE) 2% XAS ([ZH
VRS, O CEm LI MEOHEEZ G956 2 & C, AERBIE I T
% XAS OFERZRETE=6 L5,

1) K. Kasama, K. Kanomata, Y. Hinami, K. Mizuno, Y. Uetake, T. Amaya, M. Sako, S. Takizawa, H.
Sasai, S. Akai, RSC Adv. 2021, 11, 35342-35350.

2) Q.-F. Xu-Xu, Y. Nishii, Y. Uetake, H. Sakurai, M. Miura, Chem. Eur. J. 2021, 27, 17952—-17959.

3) T. Niwa, Y. Uetake, M. Isoda, T. Takimoto, M. Nakaoka, D. Hashizume, H. Sakurai, T. Hosoya,
Nature Catal. 2021, 4, 1080—1088.

4) Y. Yamauchi, Y. Hoshimoto, T. Kawakita, T. Kinoshita, Y. Uetake, H. Sakurai, S. Ogoshi, J. Am.
Chem. Soc. 2022, 144, 8818-8826.

5) L. M. DiMucci, J. T. Lukens, S. Chatterjee, K. M. Carsch, C. J. Titus, S. J. Lee, D. Nordlund, T. A.
Betley, S. N. MacMillan, K. M. Lancaster, J. Am. Chem. Soc. 2019, 141, 18508—18520.

6) 1. M. DiMucci, C. J. Titus, D. Nordlund, J. R. Bour, E. Chong, M. D. Kosobokov, C. D. Martin, N.
Nebra, D. A. Vicic, S. Yruegas, S. N. MacMillan, J. Shearer, K. M. Lancaster, ChemRxiv 2022,
10.26434/chemrxiv-2022-z7tc5-v2.
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In-situ XAFS imaging of real solid materials
(*Graduate School of Science, Nagoya University) OHirosuke Matsui'

X-ray absorption fine structure (XAFS) is one of the most powerful methods to reveal the
local coordination structures of any materials without crystalline structures. Conventional
XAFS measurement is performed by using mm-sized hard X-rays as a probe and averaged
structural information in the beam spot can be obtained. Recently, the development of X-ray
imaging enables the spectroimaging combining hard X-ray imaging and XAFS spectroscopy.
We developed the novel computed tomography XAFS, called CT-XAFS. In this talk, I will
introduce our recent results of the operando spectroimaging of functional materials such as
solid catalysts, polymer electrolyte fuel cells, gas adsorbates, and adhesion properties of
rubber-metal interfaces at work. Also, I will introduce our latest collaboration work with
informatics, utilizing the huge data sets of 3D spectroimaging data.

Keywords: XAFS, X-ray spectroimaging, Operand, solid catalyst, PEFC,

X BRI SAIRE S (XAFS) s Yeikid, M7 B 28 S 20 e EREHT R
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EFRAMEZRITDE 7 VvREX /D OEREYIEETE

CRRBET) FKIL A&
Synthesis and Properties of Perfluorocubane Showing Electron Affinity (Graduate School of
Engineering, Kyoto University) OMidori Akiyama

Fluorinated analogs of polyhedral hydrocarbons have been predicted to localize an electron
within their cages upon reduction, which arises from a stabilized vacant orbital within the cage
derived from multiple o* orbitals of C—F bonds (Figure a)."’ This internal localization of
electrons stands in stark contrast to common 7m-conjugated electron acceptors, which usually
host electrons on their molecular surfaces. In the present study, we achieved the synthesis and
characterization of perfluorocubane, a stable polyhedral fluorocarbon. The key to the
successful synthesis was the efficient introduction of multiple fluorine atoms to cubane by
liquid-phase reaction with fluorine gas. The solid-state structure of perfluorocubane was
confirmed using x-ray crystallography, and its electron-accepting character was corroborated
electrochemically and spectroscopically. The radical anion of perfluorocubane was examined
by matrix-isolation electron spin resonance spectroscopy, which revealed that the unpaired
electron accepted by perfluorocubane is located predominantly inside the cage (Figure b,c)./?!

In addition, some preliminary results on photo-induced electron transfer using

perflluorocubane as an electron acceptor will be discussed in the presentation.
Keywords : Fluorine;, Cubane; Electron-accepting molecules

LA O TOTERN T v RBIL SN2 0F1E, BT 5 & OFENETIZE
FHENATHZ ERTFREINTHED, ik, 2FRFofhTiRbEREETHD 7
VRO TCFHBAD o *ENRFMNCRKEEVHLTEY, ZHAEONTRIC
o *LUEDELRVNEL D7D TH D (Figure a), ZDEFZROIBRITSFFKE T
DIEHEACIZ L > TETFEZET D o WEREFZEMES T EI1X8R Y, TOMWEIC
BRSNS & 72508, THETRT v LMo 1N LERE TR S - Z &%
o T,

TOXIREROL L, axlZT vETAETNZWEMAT v FECEHWTE Y
VFEF 2NV EERR LT, bR T, 60/ 7007 vHENEBRLIZA~FTH 7 LA
AX 2Ny NTRETNFaxa A LT X BEEREITIC L D 27 v Fbx
2N OEEZRE L, FEEENIET v BT a N EIZEAEEDLRWI &,
RIS FRMEERZ2RT Z &2 RN Lz, EXALFRITE R L OO EZEREIC L -
T, 27 vFbtFa "Bl T vduda Xy, ~AFX Tt ada 00
BFZEMEICOWTOMRESGZ, Fa v EOEWT v BB Z H1T9E-> T
LUMO N FNY, BFRAMMENETZ LRI, &6, v Y v 7 ZAHE
ESR /EAHWAZ LT, 27 vFEFa NV EBIT LET VLT =4 L FORAE
BLOBIHNZKREI LTz, 36472 ESR A7 hLv (Figurec) £V, FVAONLT =F
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Figure (a) Electron accepting ability of 1. (b) SOMO and spin density of 1”. (¢) ESR
spectra of 1.

B GMNSTEEFZARMES TOM TR Z 2 EE rBEk LW E B E)
I%, ARG EM-SCA IR T & W o T BEREMA B OB RE R BLIC & - THE R FR
BThh, HrDELT-2T7 vH#EX 2 R TEBFZE OB N R B2 T
<, A AR FRIMHAERORIZBON T O REN R E T s T 54, R—
EOMEEHLERRLOLERDEEZDND, 2T, &7 v#EbFa v EHN
e FRIB X O FRICEB T 2 EFEEFBEINC OV TR A HEO TV D, LTI

Z O TFARR R FERIZ OV TN T 5,

1) M. Sugiyama, M. Akiyama, Y. Yonezawa, K. Komaguchi, M. Higashi, K. Nozaki, T. Okazoe Science,
2022, 377, 756-759. 2) K. K. Irikura, J. Phys. Chem. 4, 2008, 112, 983-988.
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Light-Driven Radical Organocatalysis (/nstitute for Chemical Research, Kyoto University)
Hirohisa Ohmiya

The visible light-mediated organosulfur catalysis enabled the decarboxylative coupling
between simple aliphatic alcohol, amine or thiol nucleophiles and tertiary or secondary alkyl
carboxylic acid-derived redox active esters to construct C(sp’)-X—C(sp”) (X = oxygen, nitrogen
and sulfur) fragments. The organophotoredox catalysis involved the radical-polar crossover
(RPC) process, which enables the generation of a carbocation from a carbon radical. The
photochemically-generated carbocation under mild conditions can be regarded as a versatile
and powerful alkylating reagent.

Keywords : Organosulfur Catalysis, Photoredox Catalysis, Radical
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1) a) Shibutani, S.; Kodo, T.; Takeda, M.; Nagao, K.; Tokunaga, N.; Sasaki, Y.; Ohmiya, H. J. Am.
Chem. Soc. 2020, 142, 1211-1216. b) Kodo, T.; Nagao, K.; Ohmiya, H. Nat. Commun. 2022, 13,
2684. c) Nakagawa, M.; Matsuki, Y.; Nagao, K.; Ohmiya, H. J. Am. Chem. Soc. 2022, 144, 7953—
7959.
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Identification of a Self-Photosensitizing Hydrogen Atom Transfer Organocatalyst System (' The
Univ. Tokyo, JST PRESTO, *Kobe Univ., *Toyota Technological Institute, >Kyoto Univ.)
Kensuke Kiyokawa,! O Tomoki Kosaka,! Satoshi Minakata,' Teruyuki Kondo? Harunobu
Mitsunuma,?> Hiromu Fuse,! Yu Irie,! Masaaki Fuki,? Yasuhiro Kobori,? Kosaku Kato,* Akira
Yamakata,* Masahiro Higashi,> Motomu Kanai'

The carbon-hydrogen (C-H) bond is the most abundant chemical bond, and its direct
conversion leads to highly efficient molecular synthesis. In recent years, visible light promoted
hydrogen atom transfer (HAT) catalysis has been attracting attention. However, existing
methods require photoredox catalysts such as organic molecules with complex structures and
expensive metal complexes. In this study, we developed an organocatalytic system that mimics
the electron transfer process of enzymes in vivo and promotes functionalization of stable C-H
bond without photoredox catalyst. We designed a thiophosphoric acid catalyst that contains
both a redox active binaphthyl moiety and a sulfur atom. We found that this catalyst forms
charge-transfer complexes with electron-deficient heteroaromatics and catalytically produces
thyil radical via multi-step electron transfer under visible light irradiation. Using this system,
four types of transformations that previously required photoredox catalysts were successfully
achieved using only simple organic molecules.

Keywords : Charge transfer complex; Hydrogen atom transfer catalyst; Thiyl radical
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Scheme 1. Applications to four types of C-H functionalization.

1) Photoinduced intermolecular hydrogen atom transfer reactions in organic synthesis. H. Cao, X. Tang,
H. Tang, Y. Yuan, J. Wu, Chem Cat. 2021, 1, 523.

2) Photocatalytic redox-neutral hydroxyalkylation of N-heteroaromatics with aldehydes. H. Fuse, H.
Nakao, Y. Saga, A. Fukatsu, M. Kondo, S. Masaoka, H. Mitsunuma, M. Kanai, Chem. Sci. 2020, 11,
12206.

3) Identification of a Self-Photosensitizing Hydrogen Atom Transfer Organocatalyst System. H. Fuse,
Y. Irie, M. Fuki, Y. Kobori, K. Kato, A. Yamakata, M. Higashi, H. Mitsunuma, M. Kanai, J. Am.
Chem. Soc. 2022, 144, 6566.
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Photoregulation of the Membrane Potential of Living Cells with Ferrocene-Porphyrin-
Fullerene-Linked Molecules (Graduate School of Engineering, Toyama Prefectural University,
Institute for Integrated Cell-Material Sciences, Kyoto University) OTatsuya Murakami

In living animal cells, there are a slight excess of cation and anion in the vicinity of the outer
and inner surface of the cell membrane, respectively. Such a charge difference produces a
membrane potential (Vi) across the plasma membrane. Neurotransmission is triggered by
change in V. Ferrocene-porphyrin-fullerene-linked molecules are capable of generating an
intramolecular long-lived charge-separated state under visible light irradiation, which can be
regarded as a “nano-electric field”. We found that this state can be a novel tool to photocontrol
Vi in neuronal cells.

Keywords : Photo-induced Charge Separation;, Membrane Potential; Fullerene; Porphyrin,
lipid nanoparticles
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1) Modulating charge separation and charge recombination dynamics in porphyrin-fullerene linked
dyads and triads: Marcus-normal versus inverted region. H. Imahori, K. Tamaki, D. M. Guldi, C.
Luo, M. Fujitsuka, O. Ito, Y. Sakata, S. Fukuzumi, J. Am. Chem. Soc. 2001, 123,2607.

2) Utilization of photoinduced charge-separated state of donor-acceptor-linked molecules for
regulation of cell membrane potential and ion transport. T. Numata, T. Murakami, F. Kawashima,
N. Morone, J. E. Heuser, Y. Takano, K. Ohkubo, S. Fukuzumi, Y. Mori, H. Imahori, J. Am. Chem.
Soc. 2012, 134, 6092.

3) Elucidation of the mechanisms for the underlying depolarization and reversibility by photoactive
molecule, T. Numata, R. Fukuda, M. Hirano, K. Yamaguchi, K. Sato-Numata, H. Imahori, T.
Murakami, Cell. Physiol. Biochem. 2020, 54, 899.
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Visible-to-UV photon upconversion (' Graduate School of Engineering, Kyushu University)
ONobuhiro Yanai

Ultraviolet (UV, A < 400 nm) light is essential for various photochemical reactions, but is
rarely found in sunlight, and light sources that generate UV light are inefficient and
environmentally unfriendly. A solution to this problem is photon upconversion (UC) from
visible (vis, A > 400 nm) light to UV light. Among several mechanisms, UC based on triplet-
triplet annihilation (TTA-UC) in particular has made remarkable progress in recent years,
enabling efficient conversion of low-intensity visible light into UV light. In this talk, I will
introduce the recent development of visible-to-UV TTA-UC, from the development of
chromophores and their production into films to their application in photochemical reactions.
Keywords : Photon Upconversion, Photo-Excited Triplet State, UV Light
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1) W. Zhao, F. N. Castellano, J. Phys. Chem. A 2006, 110, 11440.

2) N. Harada, Y. Sasaki, M. Hosoyamada, N. Kimizuka, N. Yanai, Angew. Chem. Int. Ed. 2021, 60, 142.
3) M. Uji, N. Harada, N. Kimizuka, M. Saigo, K. Miyata, K. Onda, N. Yanai, J. Mater. Chem. C 2022,
10, 4558.

4) T. J. B. Zahringer, J. A. Moghtader, M.-S. Bertrams, B. Roy, M. Uji, N. Yanai, C. Kerzig, Angew.
Chem. Int. Ed., DOI: 10.1002/anie.202215340.
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Ultrapure Multi-Resonance Thermally Activated Delayed Fluorescence Materials for Highly
Efficient Organic Light-Emitting Diodes (‘Graduate School of Science and Technology,
Kwansei Gakuin University, >Graduate School of Science, Kyoto University) OSusumu Oda,'
Bungo Kawakami,' Yuki Yamasaki,' Masaru Horiuchi,'? Takuji Hatakeyarna2

Thermally activated delayed fluorescence (TADF) materials have attracted considerable
attention since they have realized high internal quantum efficiency without employing any
precious metals. However, the conventional TADF materials exhibit broad emission spectra,
allowing poor color reproducibility and significant energy losses in the commercial displays.
To overcome this problem, we developed an ultrapure blue TADF material (DABNA) using
multiple resonance (MR) effect of boron and nitrogen atoms. However, the reported MR-TADF
materials suffer from severe efficiency roll-off due to insufficient rate constants of reverse
intersystem crossing process (krisc). Herein, we report a synthesis of novel MR-TADF material
(V-DABNA) consisting of three DABNA subunits. The syntheses and properties of its analogs
and the characteristics of OLED devices will be reported in this presentation.

Keywords : Organoboron Compounds,; Thermally Activated Delayed Fluorescence; Multiple
Resonance Effect; Color Purity; Organic Light-Emitting Diodes
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1) (a) Hatakeyama, T.; Shiren. K.; Nakajima, K.; Nomura, S.; Nakatsuka, S.; Kinoshita, K.; Ni, J.; Ono,
Y.; Ikuta, T. Adv. Mater. 2016, 28,2777. (b) Kondo, Y.; Yoshiura, K.; Kitera, S.; Nishi, H.; Oda, S.; Gotoh,
H.; Sasada, Y.; Yanai, M.; Hatakeyama, T. Nat. Photonics 2019, 13, 678.

2) (a) Oda, S.; Kawakami, B.; Yamasaki, Y.; Matsumoto, R.; Yoshioka, M.; Fukushima, D.; Nakatsuka,

S.; Hatakeyama, T. J. Am. Chem. Soc. 2022, 144, 106. (b) Oda, S.; Kawakami, B.; Horiuchi, M.;
Yamasaki, Y.; Kawasumi, R.; Hatakeyama, T. Adv. Sci. 2023, 10, 2205070.
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Role of Molecular Orientation and Structural Disorder in Organic Electronic Devices (RIKEN
CEMS) OKeisuke Tajima, Kyohei Nakano

Molecular shape of semiconducting polymers greatly affects the optical and electrical
properties of the organic devices through crystallinity and orientation in thin films. In addition,
although structural disorder is often incorporated into conduction models, there are few
experimental examples showing a correlation with electronic device performance. In this study,
we aim to control the orientation and the structural disorder in organic thin films and correlate
them with the performances in organic devices such as solar cells. We designed semiconducting
polymers with both planar and zigzag structures and showed that the -plane is oriented parallel
to the substrate in the thin films. When used in organic solar cells, the polymers showed
improved performance due to light absorption and high conductivity in the direction
perpendicular to the thin film. We also varied the density of states distribution by mixing the
polymers to reproduce the structural disorder of organic thin films and explored the correlation
with performance in organic transistors.

Keywords : Semiconducting Polymers;, Thin Films; Molecular Orientation; Structural
Disorder; Organic Devices
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(1) Chen, F.; Nakano, K.; Kaji, Y.; Adachi, K.; Hashizume, D.; Tajima, K. Triphenyleno[1,2-c:7,8-
¢'|Bis([1,2,5]Thiadiazole) as a V-Shaped Electron-Deficient Unit to Construct Wide-Bandgap
Amorphous Polymers for Efficient Organic Solar Cells. ACS Appl. Mater. Interfaces 2021, 13 (48),
57743-57749.

(2) Nakano, K.; Chen, F.; Kaji, Y.; Tajima, K. Control of Molecular Orientations by Sequential
Deposition to Enhance Organic Photovoltaic Performance. Mater: Chem. Phys. 2022, 281, 125849.

(3) Chen, F.; Nakano, K.; Kaji, Y.; Tajima, K. Design of Planar-Zigzag Semiconducting Polymers to
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2022, 6 (20), 3062-3069.
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