Fri. Mar 24, 2023

K405

Symposium | Co-Innovation Program (CIP) | Innovative catalysts for the
carbon negative technology

[K405-3am] Innovative catalysts for the carbon
negative technology
Chair, Symposium organizer: Hideshi SASAKURA, Kazuhiro

Sayama, Koichi MATSUSHITA, Yuusuke Sunada
9:00 AM - 11:30 AM K405 (K405, Lecture Hall Bldg. [4F])

[K405-3am-01] CO, reduction promoted by diverse
energy-responsive designer molecular
catalysts
OSusumu Saito’ (1. Integrated Research
Consortium on Chemical Sciences, Nagoya
University)

9:10 AM - 9:40 AM

[K405-3am-02] Catalytic active site and reaction
mechanism of methanol synthesis from
carbon dioxide
CJunji Nakamura' (1. Kyushu University)
9:40 AM - 10:10 AM

[3K40501-03-4add] Incubation Time

10:10 AM - 10:20 AM

[K405-3am-03] Chiyoda's efforts to commercialize a large-
scale hydrogen supply chain
OYoshimi Okada' (1. Chiyoda Corporation)
10:20 AM - 11:20 AM

[3K40501-03-6add] Incubation Time

11:20AM - 11:30 AM

K402

Symposium | Co-Innovation Program (CIP) | Emerging Healthcare
Technology for Diagnosis and Prevention of Infectious Diseases

[K402-3am] Emerging Healthcare Technology for
Diagnosis and Prevention of Infectious

Diseases
Chair, Symposium organizer: Junichi Sugiyama, Kaori Sakurai,
Takeaki Ozawa
9:00 AM - 11:40 AM K402 (K402, Lecture Hall Bldg. [4F])

[K402-3am-01] Chemical biology aiming at the
development of anti-infectious agents
CHIROYUKI OSADA' (1. RIKEN)
9:05 AM - 9:55 AM

[K402-3am-02] Development of multiparticle-
concentrated digital immunoassay

(MCDIA) for a virus detection technology
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baring both rapidity and high sensitivity
OTakashi Fukuda1, Masato Yasuura1, Yukichi
Horiguchi', Hiroki Ashiba', Zheng Lin Tan' (1.
National Institute of Advanced Industrial
Science and Technology (AIST))
9:55AM - 10:18 AM

[3K40201-05-4add] Incubation Time

10:18 AM - 10:26 AM

[K402-3am-03] Development of automated platform for
rapid and sensitive SARS-CoV-2 diagnosis
ORikiya Watanabe' (1. RIKEN)
10:26 AM - 10:49 AM

[K402-3am-04] A journey of the Japan's firstly approved
SARS-CoV2 antigen tests.
OShintaro Yagi' (1. FUJIREBIO Inc.)
10:49AM-11:12 AM

[3K40201-05-7add] Incubation Time

11:12AM -11:17 AM

[K402-3am-05] Development of the technology to
visualize viruses by luminescnece using
antibody and aptamer
OKazunori Ikebukuro1, Ryutaro Asano1, Daimei
Miura1, Wakana Hayashi1 (1. Tokyo University
of Agriculture and Technology)
11:17 AM - 11:40 AM

K405

Symposium | Co-Innovation Program (CIP) | Innovative catalysts for the
carbon negative technology

[K405-3pm] Innovative catalysts for the carbon

negative technology
Chair, Symposium organizer: Hideshi SASAKURA, Kazuhiro
Sayama, Koichi MATSUSHITA, Yuusuke Sunada
1:00 PM - 3:20 PM K405 (K405, Lecture Hall Bldg. [4F])

[K405-3pm-01] Reductive transformation of carbon
dioxide using powdered silicon as a
reducing agent
OKen Motokura' (1. Yokohama National
University)

1:00 PM - 1:30 PM

[K405-3pm-02] Toward carbon neutral society - Catalytic
CO2 conversion to fuel and chemicals
OHiroyuki Kamata' (1. IHI Corporation)
1:30 PM - 2:00 PM

[3K40504-07-3add] Incubation Time

2:00 PM - 2:10 PM



[K405-3pm-03] Development of sustainable aviation fuels
manufacturing process using FT synthesis
technology
OSatoshi Terai' (1. Toyo Engineering
Corporation)

2:10 PM - 2:40 PM

[K405-3pm-04] Catalysis for negative-emission
OYasushi Sekine' (1. Waseda Univ.)

2:40PM - 3:10 PM

K402

Symposium | Co-Innovation Program (CIP) | Drug discovery bio-ventures
that will support the health of human in the future

[K402-3pm] Drug discovery bio-ventures that will
support the health of human in the
future

Chair, Symposium organizer: Hiroaki Suga, Osamu Ohno, Shuichi

YUNOMURA, Yuki Goto
1:00 PM - 3:40 PM K402 (K402, Lecture Hall Bldg. [4F])

[K402-3pm-01] Drug development to address
underserved diseases: Development of
bendamustine and piplines
OMasatoshi Hazama' (1. SymBio
Pharmaceuticals Limited)

1:10 PM - 1:50 PM

[K402-3pm-02] Mechanism of Action and Advantages of
"Regeneration-Inducing Medicine"
OMasatsune Okajima' (1. StemRIM Inc.)
1:50 PM - 2:30 PM

[3K40206-08-4add] Incubation Time

2:30 PM - 3:00 PM

[K402-3pm-03] Antibody Drug Discovery in the future
OTakuya Yokokawa' (1. Perseus Proteomics

Inc.)

3:00 PM - 3:40 PM

K401

Symposium | Co-Innovation Program (CIP) | Development of innovative
technologies based on molecular crystal materials: the effective use of
novel materials, “Soft Crystals”

[K401-3pm] Development of innovative
technologies based on molecular
crystal materials: the effective use of

novel materials, “ Soft Crystals”
Chair, Symposium organizer: Kazuyuki Ishii, Miki Hasegawa,
Nagatoshi Koumura
1:30 PM - 3:40 PM K401 (K401, Lecture Hall Bldg. [4F])
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[K401-3pm-01] Environmental Response and
Functionalization of Luminescent Smart
Soft Crystals
OMasako Kato' (1. Kwansei Gakuin
University)
1:40 PM - 2:40 PM

[K401-3pm-02] Combination of Nanofiber Technology
and Soft Crystal Sciece
OKei Watanabe', Osamu Ohsawa' (1. NafiaS
Inc.)
2:40 PM - 3:10 PM

[K401-3pm-03] Next-generation Soft Electronics Driven
by High-performance and Solution
Processable Organic Semiconductor
Single Crystals
OToshihiro Okamoto' (1. The University of
Tokyo)
3:10 PM - 3:40 PM

K402

Symposium | Co-Innovation Program (CIP) | Drug discovery bio-ventures
that will support the health of human in the future

[K402-3vn] Drug discovery bio-ventures that will
support the health of human in the
future

Chair, Symposium organizer: Hiroaki Suga, Osamu Ohno, Shuichi

YUNOMURA, Yuki Goto
4:10 PM - 5:40 PM K402 (K402, Lecture Hall Bldg. [4F])

[K402-3vn-01] Development of boron containing drug for
boron neutron capture therapy
OKoki Uehara' (1. STELLA PHARMA
CORPORATION)
4:10 PM - 4:50 PM
[K402-3vn-02] Modele Drug Development
OKiyoshi Eshima' (1. Delta-Fly Pharma, Inc.)
4:50 PM - 5:30 PM

K401

Symposium | Co-Innovation Program (CIP) | Development of innovative
technologies based on molecular crystal materials: the effective use of
novel materials, “Soft Crystals”

[K401-3vn] Development of innovative technologies
based on molecular crystal materials:
the effective use of novel materials,

“ Soft Crystals”
Chair, Symposium organizer: Kazuyuki Ishii, Miki Hasegawa,



Nagatoshi Koumura
4:10 PM - 6:15 PM K401 (K401, Lecture Hall Bldg. [4F])
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K403

[K401-3vn-01] Creation of Helical Biopolymer-Integrated
Softcrystal and its Application to Photo-
Electronic Devices
ONorihisa KOBAYASHI' (1. Chiba University)
4:10PM - 5:10 PM

[K401-3vn-02] Research and Development of Laser
Rewritable Marking utilizing Soft Crystals
©Yoshihiko Hotta' (1. Hotta Technical
Consulting firm)
5:10 PM - 5:40 PM

[K401-3vn-03] Gold Complex Soft Crystals and Beyond
OHajime Ito" (1. Hokkaido University)
5:40 PM - 6:10 PM

K102

Symposium | Medium and Long-Term Program | An Exploration of frontiers
in chemistry by informatics

[K102-3pm] An Exploration of frontiers in chemistry

by informatics
Chair, Symposium organizer: Daisuke Tanaka, Shinya Hayami
1:00 PM - 3:40 PM K102 (K102, Lecture Hall Bldg. [1F])

[K102-3pm-01] Machine learning-assisted synthesis of
novel metal-organic frameworks
ODaisuke Tanaka' (1. School of Science,
Kwansei Gakuin University)
1:05PM- 1:35 PM

[K102-3pm-02] Understanding and rational design of
functional materials based on
computational chemistry and machine
learning
OMiho Hatanaka' (1. Keio University)
1:35PM - 2:15PM

[K102-3pm-03] Materials development for all-solid-state
lithium battery using machine learning
methods
OKota Suzuki', Ryoji Kanno' (1. Tokyo
Institute of Technology)
2:15PM - 2:55 PM

[K102-3pm-04] Exploration of Non-Lead Perovskite Solar
Cells by Fast Experimental Screening and
Machine Learning
OAkinori Saeki' (1. Osaka University)
2:55PM - 3:35 PM

©The Chemical Society of Japan

Symposium | Special Program | New Trends in Electrofunctional Materials
via Dimensionality Control

[K403-3am] New Trends in Electrofunctional
Materials via Dimensionality Control

Chair, Symposium organizer: Yoshiyuki Kuroda, Yusuke Ide
9:00 AM - 11:40 AM K403 (K403, Lecture Hall Bldg. [4F])

[K403-3am-01] Progress in Nanosheet-based
Supercapacitors
OWataru Sugimoto® (1. Shinshu University)
9:05 AM - 9:35 AM

[K403-3am-02] Cooperation of Electrons and Protons in
Functional Porous lonic Crystals
OSsayaka Uchida' (1. The University of
Tokyo)
9:35 AM - 10:05 AM

[K403-3am-03] Chiral van der Waals Superlattices for
Spintronic Applications
OMasayuki Suda'? (1. Kyoto Univ., 2. JST-
PRESTO)
10:05 AM - 10:35 AM

[K403-3am-04] Game-changing electrode processes
emerged from 2D m-conjugated
frameworks
OKen Sakaushi' (1. National Institute for
Materials Science)
10:35 AM - 11:05 AM

[K403-3am-05] Advances in nanosheet synthesis and
electronic functions
Oshintaro Ida' (1. Kumamoto Univ.)

11:05AM - 11:35 AM

Symposium | Special Program | Colloidal Dispersion and Aggregation for
Future Battery and Electronic Material Technologies

[K403-3pm] Colloidal Dispersion and Aggregation
for Future Battery and Electronic

Material Technologies
Chair, Symposium organizer: Shinich Takeda, Tetsu Yonezawa
1:00 PM - 3:40 PM K403 (K403, Lecture Hall Bldg. [4F])

[K403-3pm-01] Powder-film-formation Process
Informatics for autonomous exploration of
multi-dimension process parameters
OKeisuke Nagato' (1. The University of
Tokyo)
1:05PM - 1:35 PM

[K403-3pm-02] High-resolution printed electronics for



high-throughput and large-area devices
Ovasuyuki Kusaka' (1. AIST)
1:35PM - 2:05 PM

[K403-3pm-03] Numerical simulation of the formation
and response of colloidal structures
during fabrication process: dispersing,
coating, and drying
ORei Tatsumi' (1. UTokyo)
2:05PM - 2:35 PM

[K403-3pm-04] Mixing process and dispersion state of
electrode slurry for Lithium-ion battery
OMaiko Kawakubo' (1. PRIMIX Corporation)
2:35PM - 3:05 PM

[K403-3pm-05] Particle Design for Copper-based Paste in
Electronic Component and Electrodes :
Low-Temperature Sintering and Oxidation
Resistance
OHideya Kawasaki' (1. Kansai University)

3:05PM - 3:35PM
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Symposium | Co-Innovation Program (CIP) | Innovative catalysts for the carbon negative technology

[K405-3am] Innovative catalysts for the carbon negative technology
Chair, Symposium organizer: Hideshi SASAKURA, Kazuhiro Sayama, Koichi MATSUSHITA, Yuusuke Sunada
Fri. Mar 24, 2023 9:00 AM - 11:30 AM K405 (K405, Lecture Hall Bldg. [4F])

[K405-3am-01]

[K405-3am-02]

[3K40501-03-4add]

[K405-3am-03]

[3K40501-03-6add]

©The Chemical Society of Japan

CO, reduction promoted by diverse energy-responsive
designer molecular catalysts

OSusumu Saito’ (1. Integrated Research Consortium on Chemical Sciences,
Nagoya University)

9:10 AM - 9:40 AM

Catalytic active site and reaction mechanism of methanol
synthesis from carbon dioxide

9Junji Nakamura' (1. Kyushu University)

9:40 AM - 10:10 AM

Incubation Time

10:10 AM - 10:20 AM

Chiyoda's efforts to commercialize a large-scale hydrogen
supply chain

9Yoshimi Okada' (1. Chiyoda Corporation)

10:20 AM - 11:20 AM

Incubation Time

11:20 AM - 11:30 AM



K405-3am-01 AxL24a B1035S452 (2023)

£ T RILF—IEEREE S FRIEHHE < C0, RTRIE
(4K IRCCS! - 4 KPeBR2) 257E i 12

CO; reduction promoted by diverse energy-responsive designer molecular catalysts
(‘Integrated Research Consortium on Chemical Sciences (IRCCS), Nagoya University;
*Graduate School of Science, Nagoya University) OSusumu Saito'?

Exploration to diversify carbon resources including renewables and CO; in the carbon
recycling society is one of the most urgent missions for human beings since the increasing
resources/energy demand is in drastic conflict with the limited global fossil fuels storage. In
particular, an effective catalytic system for converting thermodynamically highly stable CO; to
energy-rich carbon feedstock would be the key to realizing a carbon-neutral society; for its
effective reduction, the generation of a chemically highly potential hydrogen atom and electron
is required. This lecture will present the development of designer molecular catalysts (metal
complex catalysts) that are responsive to different energies including light, thermal and electric
energies for effective CO; reduction.

Keywords : molecular catalyst; CO; reduction; photon energy; thermal energy; electric energy

Fx T FETIT, B 22 THEORBL AR A 3 2 & TER LS EFEEL L,
BARAEA AL FZORBIZERT 5 & & b, R OYWE LR~ BT 572
OO AEHR L TET, BUE, T LW Y v X082 18 U TR rTRe 2 tt & o
i & 72 DA ALEO BT BT LT OREIC b HE L T\ D =L —, B,
BREE, ~VA T I ETC NEDEE T D ME ORI E T D IR & 2 oIS L
Wiz EA T 2 &M, Z2DHED SDGs ~DOARER R EHIRA~E BN D LET HFH A OE
L HELHMTHD. REEGFEE S LEFRIEERT 252 AT 2O MEMENEH
AL LTV 5727y, SDGs ~DIEMICKERE A2 E LT D ZLKRFE (CO) 1T
RFE= 22— N TR OB RDIWE TN, BRI E 7R T2, CO, Dfiifit
MR ICIC K D =R F — B E R RBEHEA~OEBRIZIL/m TR LF—0 [KkFE < [7E
T ZMLEET DL, AREETIE, B, J, ZLTEROZ AN —FT RTUUSET D
Ky b (SRS ARREL) OBRth, b NCENLE AWV D EEMZ TkFE] <
(BT DOFEEE COLRTIEDHEIIC OV TR O EE F LI LIV, £
R =R N X SET D8RS ARAEE & U CHER L TWAOiE, PNNP B EEFAT
TEAET L2 EHOBEBBEREEAR (PNNPM E5K) TH25 (H1a).

BIRILFT—EKFR HA(BFR)ZERALD COETT. AMLATERIA(PNNP)Ir $5(k "o B E
Uy (bpy) #ALIEHECAKRFIC L o TEREL SN KRS &2 b 2> 23, 20
i A U 2 i o f s B ARILER - & H JE FICdh > THfER 72D, CO, b D
CH;OH JERR ZRHET 2 4y F-flllt & U CRERIZ R @ W il [E % (TON) 27~ L7-.
HIFIILF—LEEYM(EFR)ERAS COEIT. HAZ - B CE) < fil i mi BRI
(PNNP)Ir $1K % B CYEHUEAR COy Bmonfitfit e L THWARZHFE L. 2O E Y
DAL AT OB R IR S B TH DT, Hy ZFHVWD CO BT R & 1R
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K405-3am-01 AxL24a B1035S452 (2023)

LAY, Mz LT Mbpy)i#iEa BRI O NS TIZB W THHERFCX 500
E-DORDOEZIRD. ZNE TRe I, Rup & DESBEIEKREZ T.OICH COGHERK
OB B ST E 2, —BbiRFE (CO) BIRMRBITRADITEAL
THY, ¥ (HCOH) IR 2E TR E EH LT 0B ORI BT, K
TONncoon (—~20) 12 & EF 0 PBEOHRENECH B 730 - K, ATr—F VT 4
WZH L DEEORMN B -7, 2O T Heloxt LT HsEfEz (PNNP)Ir S50
M(bpy)i#it | Z CO,3E It 5 TONucoanico  (>10,000) TREF$ % (H1b) & & 1T,
FEERINMEZ 55 2D OGBS HRE AR L2 Y. Z OB OBRGTTORE R,
6 D 9 D 3d 006 5d Ty ZIZET HDWTIOERITHE M Tho THIAER
(2 [(PNNP)M $EROAEIERIEE S | A3 R PRGE S 4, YA OFEsE & A%
FLBEUYLCO,DHBETICHMNIEHTEDZ L L RMHL, —HEa®mELEZY.

(b)
8000
s " Mes Mes
M E ERTHE TR 6000 . A
n =N H N /)

Cr Mn Fe Co §4ooo u \l/
° Ir
|} () P/ \P
Mo Ru Rh 2000 e . Cy, (I:I Cy,
W Re Os |Ir o2 Ir-1
0 40 80 120 160
Time, h

(PNNP)M platform

CO,FEHKT, Ir-1 (20 M), BIH (0.25 M)EZEEDMA/H,0 (9:1,
> PNNPRER( T SMBKIRRLEIMEENS /. 55 mURRBBRI4 mL) FEEHEH 2 400 )T

> BEEVEMLT SREARICERTIAEEEZGS T521=CO,M BT R I B BRI LTTONZET Ok
> BRAGEBBEEROMOEAA ATEE [HCO,H (Pufd), CO () and H, (ZEMS)]. Mes = 2,4,6-Mey(CeH,)

K1 (a) ZFE(PNNP)M &K, (b) Ir-1 ZALVS CO, DHETRISIZHITHERKY TON DIFFFZE L.

BRIRILX—LK(BFR)EZALVS COETT. PtEM (7 / — K) L (PNNP)Ir ${AK%
HEF L7 RFBEM (I — Y R) B LOGHEEMAKER TR SN D EMRE LR L
7o, MEMZ SR CBREIE LA LIZE ZAT / — R TARBBAL S UK HELD H
ENTEF DR E AR 7 — Y ROPNNP)Ir $SRICIEA Sz, ZOFEE CO, &
KUETLAVNRANTIEIT L, (KB & & Faraday 2758 T HCO.H 2N ERANICIERK S
729, BRTRAF MG E U CKRGEmZ LS LIcERE L2 WL 2 A, &
WK AP E BN (~10%) T COETNEITT 5 2 & bREF L7z,

1) B. Gromer, S. Yoshioka, S. Saito, ACS Catal., 12, 1957 (2022); S. Yoshioka, S. Nimura, M. Naruto,
S. Saito, Sci. Adv., 6, eabc0274 (2020); CO2 hydrogenation: B. Gremer, S. Saito, manuscript submitted.
2) R. Cauwenbergh, S. Das, Green Chem., 23, 2553 (2021). 3) K. Kamada, J. Jung, Y. Kametani, T.
Wakabayashi, Y. Shiota, K. Yoshizawa, S.-H. Bae, M. Muraki, M. Naruto, K. Sekizawa, S. Sato, T.
Morikawa, S. Saito, Chem. Commun. (Invited in Pioneering Investigators Collection 2022), 52, 9218
(2022); K. Kamada, J. Jung, T. Wakabayashi, K. Sekizawa, S. Sato, T. Morikawa, S. Fukuzumi, S. Saito,
J. Am. Chem. Soc., 142, 10261 (2020). 4) T. Wakabayashi, K. Kamada, K. Sekizawa, S. Sato, T.
Morikawa, J. Jung, S. Saito, Organometallics (Invited in a Special Issue on “Sustainable Organometallic
Chemistry”), 41, 1865 (2022); K. Kamada, H. Okuwa, T. Wakabayashi, K. Sekizawa, S. Sato, T.

Morikawa, J. Jung, S. Saito, Synlett (Invited for a Cluster to honor Prof. Shunichi Fukuzumi on the
occasion of his 70" birthday), 33, 1137 (2022). 5) manuscript in preparation.
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TERAEIRFEA DDA R/ —ILERKICE T HMETEE R & RICHE

(JUK MCI-CNRC, )CNER!") HAf Iz !

Catalytic Active Site and Reaction Mechanism of Methanol Synthesis from CO, ('Mitsui
Chemicals, Inc. — Carbon Neutral Energy Research Center, International Institute for Carbon-
Neutral Energy Research, Kyushu University) OJunji Nakamura'

Methanol synthesis from CO, (CO, + 3H, — CH3;OH + H,O) is attracting attention not
only as a chemical use of CO; but also as a central reaction in a hydrogen society that utilizes
renewable energy. Cu/ZnO catalyst is widely known to show high activity. However, despite
more than 30 years of research regarding the active site and the reaction mechanism, they are
still controversial. We have claimed that CuZn alloy site is the active site, but there are also
claims that the interface between Cu and ZnO is the active site". In my presentation, I will first
introduce the controversy. Next, as a method for activating CO,, [ will talk about a surface
reaction mechanism that is driven by the excitation of bending vibrations of CO,?. When the
linear molecular axis of CO, is bent, the LUMO energy level is lowered and it readily reacts
with hydride-like adsorbed hydrogen on the Cu surface via an Eley-Rideal type mechanism.
Finally, I will talk about the reaction mechanism via dioxymethylene (HCHOO,) adsorbed
species?.

Keywords : Methanol Synthesis; CO;; Cu/ZnO Catalyst,; Active Site; Reaction Mechanism

COMBD A H ) —)VAhk (CO,+3H,—CH3;OH + H,0) 1X., CO, DAFEZIFIFH D Ir7s
579, BAEMRBTZ RV —EIEHT KBS BN THLERLKIGE LTHEHEA S
TS, Cu/ZnO RS EiEMEZ 7 Rd, Ll IEMERSOSS A 7 =X LT
HWFTEN 30 4ELL EiZ O T2 0 iThN CTE TN 5B & 72> T\ b, {#HA 1L, CuZn
BT A MNEETHD ETRLTELA, Cu b Zn0 ORENFEESTHD LV )
FELH DD, REETIE, TTZORPFICOVTIRNT D, KIZ, CO, ZIEHELT
HIFEE LT, CO % 0 ihld 2, 37ebb, ZAREORI CEREId 2 % m G
A= ALEFENT D2, CO T, EDEMA G TPt A3 5 &, LUMO O X%
XK T L, CuZm o NV N E7KSE & Eley-Rideal HUEEHE TR S
WS 5, BefBls, RISGHEREL LT, oFF L AF L (HCHOOa) W i5FE A %1
T DHAN =R LT ONTIRARD I,

1) Comment on “Active sites for CO, hydrogenation to methanol on Cu/ZnO catalysts, J. Nakamura, T.
Fuyjitani, S. Kuld, S. Helveg, I. Chorkendorff, J. Sehested, Science, 2017, 357, 6534.

2) Vibration-driven reaction of CO, on Cu surfaces via Eley—Rideal-type mechanism, J. Quan, F.
Muttagien, T. Kondo, T. Kozarashi, T. Mogi, T. Imabayashi, Y. Hamamoto, K. Inagaki, I. Hamada, Y.
Morikawa, J. Nakamura, Nature Chem.2019, 11,722.

3) Hydrogenation of Formate Species Using Atomic Hydrogen on a Cu(111) Model Catalyst, K.
Takeyasu, Y. Sawaki, T. Imabayashi, S. E. M. Putra, H. H. Halim, J. Quan, Y. Hamamoto, I. Hamada, Y.
Morikawa, T. Kondo, T. Fujitani, and J. Nakamura, J. Am.Chem.Soc., 2022, 144, 12158.
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10:10 AM - 10:20 AM (Fri. Mar 24, 2023 9:00 AM - 11:30 AM K405)
[3K40501-03-4add] Incubation Time
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K405-3am-03 AXL2S B1035S4E2 (2023)

FRECIBEZEORBIRKRY TS54F 1 — o EALLAOREH
(FARHAET) O kR

Chiyoda's efforts to commercialize a large-scale hydrogen supply chain
(Chiyoda Corporation)

Expanding the hydrogen energy utilization is essential for decarbonization, and the
commercialization of hydrogen energy carrier systems that can "store" and "transport"
hydrogen on a large scale is necessary. The organic chemical hydride method incorporates
hydrogen atoms into the molecular structure of methylcyclohexane (MCH) a liquid organic
hydrogen carrier (MCH-LOHC) to store and transport hydrogen in a liquid state under normal
temperature and pressure, and is a highly safe method with low business risk. Chiyoda has been
developing the technology since 2002, completed a pilot demonstration in 2014 and named it
the "SPERA Hydrogen™ System," and successfully completed an international supply chain
demonstration that transport hydrogen from Brunei to Japan on a large scale in 2020, moving
to the commercialization stage. Currently, Chiyoda is conducting feasibility studies with a
number of domestic and foreign companies with the aim of commercializing the system as soon
as possible.

Keywords : Hydrogen; Storage; Transportation; Methylcyclohexane; Toluene

PR FACIII KB = R A X —DORFAIERBZ R AR TH Y | KFFICkFEEZ THFD 5
[ES] MTZDKBIN X=Xy U T VAT LOERIINETHD, AT
HANNA BT A RIEIZ IR EHBAKES Y ) 7 —E LTRIAT AT L7 o
> (MCH-LOHC) D43 FAEE KK T2 I AL Z & T, HIRFEEOWE L LTK
FEWTH - WL TE L HETH Y BEMENEFITE S FHEY 27 BNV RWHETH
%o TAHEMETITIEZ, 2002 40> HEANBAFE 21TV, 2014 4FIZ A 1y FEFEZFE T
L C [SPERA Hydrogen™ + 27 L] L4 Lz, 2020 R T VHA b HARITKSHE
B RIS T A EBEEY 75 A F = —  EIE A R IC5E T L C R LBt
BATL WD, BUEIXFR Mo EZMA % B L2 EZRbRF 2N 0% < o L Ei
LTwWb,

_._>\

Q== 0

(H, Storage) T“"m"e ,,/ (H, generation)
CHz
Excthermic reaction Enclothenmc reaction
H - 205k) ‘'moel H=205k) ' mel
Tr—" + 3H,
Toluene Toluene
Hydrogenation Dehyd rogenation

1) WIREICEMENDKES T T4 F = —rOreM, HMEER, £4aT55 2022, 61,
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396. “Safety of Hydrogen Supply Chain using LOHC, Y. Okada, Safety Engineering, 2022, 61, 396.
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11:20 AM - 11:30 AM (Fri. Mar 24, 2023 9:00 AM - 11:30 AM K405)
[3K40501-03-6add] Incubation Time
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Chemical biology aiming at the development of anti-infectious
agents

©HIROYUKI OSADA" (1. RIKEN)

9:05 AM - 9:55 AM

Development of multiparticle-concentrated digital
immunoassay (MCDIA) for a virus detection technology baring
both rapidity and high sensitivity

OTakashi Fukuda', Masato Yasuura', Yukichi Horiguchi1, Hiroki Ashiba', Zheng Lin
Tan' (1. National Institute of Advanced Industrial Science and Technology
(AIST))

9:55 AM - 10:18 AM
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Development of automated platform for rapid and sensitive
SARS-CoV-2 diagnosis

ORikiya Watanabe' (1. RIKEN)
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A journey of the Japan's firstly approved SARS-CoV2 antigen
tests.

OShintaro Yagi' (1. FUJIREBIO Inc.)
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Development of the technology to visualize viruses by
luminescnece using antibody and aptamer

OKazunori lkebukuro', Ryutaro Asano', Daimei Miura', Wakana Hayashi1 (1.
Tokyo University of Agriculture and Technology)
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Chemical Biology for Exploring Anti-infective Agents
(‘RIKEN CSRS, 2Dept Pharm Sci, Univ Shizuoka) OHiroyuki Osada,'?

In this presentation, I will introduce our chemical biology research aiming at the
development of antiviral and antifungal agents. 1) Search for antiviral agents by chemical array:
The chemical array in which several thousand compounds were spotted in duplicate on one
chip was used to search for substances that bind to the Vpr protein of the AIDS virus. Hit
compounds were evaluated as anti-AIDS virus agents. 2) Search for antifungal agents by image
analysis: Using the chemical library held by the RIKEN Natural Products Depository
(NPDepo), we searched for compounds that induce morphological changes in filamentous
fungi (Pyricularia oryzae) and yeast (Candida albicans).

Keywords : Antifungal Antifungal; Chemical Array; NPDepo, Screening

AGHH T, B2 DT o TV DI A L AH & FUEEAI OB S 2 & m Lz I e
A A= REBITT D, 1) (bEMT LA KD A NV AFNDOEEE : 1 DT
> 71K 3000 LA 2 HTAKR Y b LIALEMT VA ZHNT, A X7 A LA
D Vpr X NG ERERTOWEERRE L=, &y MEAWIE, iod X7 A L 2H|
ELTCOFEA T o7z, 2) BRMHTIC K DHIEEFIORE - BRI AW N 7
(NPDepo) Mrf T 2MbEMT A7 7V —2HNT, RRKE (f EFHE) B LOB
(WP 2E) OFEELZHET DM e RE LT,

1) Osada H. 2010. Introduction of new tools for chemical biology research on microbial
metabolites. Biosci Biotechnol Biochem 74:1135-1140.

2) Revie NM, et al. 2022. Targeting fungal membrane homeostasis with imidazopyrazoindoles
impairs azole resistance and biofilm formation. Nature Commun 13:3634.
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Development of multiparticle-concentrated digital immunoassay (MCDIA) for a virus
detection technology baring both rapidity and high sensitivity (' National Institute of Advanced
Industrial Science and Technology (AIST)) O Takashi Fukuda', Masato Yasuura', Yukichi
Horiguchi', Hiroki Ashiba', Zheng Lin Tan'

To exit from the COVID-19 pandemic without compromising social security, it is important
to develop a reliable virus detection system with high sensitivity and fast detection time. While
the PCR method has been established as the gold standard for virus detection, it takes more
than 2 hours through nucleic acid extraction, reaction, and quantification, which is not enough
as a rapid detection system. The case of rapid PCR detection devices, false negatives for
samples of Ct > 30 has been reported”. Therefore, a development of rapid and highly sensitive
virus detection system is attractive theme. Here, we report a novel, highly efficient, and
sensitive virus detection method based on surface-modified magnetic particles: multiparticle-
concentrated digital immunoassay (MCDIA). Influenza A virus (IAV) particles in a specimen
were captured by a high concentration of antibody-modified magnetic particles. Magnetic
particles with IAV were enclosed in a well array for digital detection based on the signal
intensity from a fluorogenic substrate, 2'-(4-methylumbelliferyl)-a-D-N-acetylneuraminic
acid) (MUNANA) released by enzymatic hydrolysis by neuraminidase, an IAV surface protein.
Our developed method is characterized by the volume of each well at sub-pL, thus a large
number of magnetic particles could be trapped in each well. As a result, we have successfully
achieved the limit of detection of 100 copies/mL of IAV within 20 minutes of a reaction time
2. Furthermore, we have improved the MCDIA protocol and succeeded in developing a
sandwich assay that functions without virus-specific proteins-reacting fluorescent substrate.
SARS-CoV-2 is trapped by antibody-modified magnetic particles and labeled with a -
galactosidase-labeled antibody, which releases resorufin, a fluorophore from resorufin -D-
galactopyranoside. We have achieved > 100 times higher sensitivity (100 TCIDso/mL) within
a shorter reaction time (3 minutes) compared to existing antigen test kits.

Our developed method could facilitate rapid detection with a low false negative rate, which
could be an effective tool for on-site testing and help to control viral infection.

Keywords : new coronavirus (SARS-CoV-2), virus testing method; antibody modified magnetic
particle; sub-pL well; multiparticle-concentrated digital immunoassay

:n%mhgm%ﬂ I, Bl « BEZWEIEICT 5 2 & e IEFR s - IRETE
O FAEEN & X D 121E, mEE - ulME 2 Hedafi 2 7B O sV U A L 2L D
W WA TH D, ﬁmnmfv4wx&m 2% < AW b - PCR WAL, s
TEFMEO WY A NV AREIE Tl d 2 DI~ - B2 2 R &Rl
PEIZR T %, Hudfb L7z PCR M 2EE & EHM DO ERESR A — I — 0 bR ST
B3, Ct>30 DR ERRRIZH L THUIMBRMEIC LD REE L b VeDo@E b
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HY . EERE - WEPEONICITIE > TR, 22T, Fx i, Stk cEE
Effi SNTZHMERF 2 AN AOZR AW T XNV LT vEA
(Multiparticle-concentrated digital immunoassay, MCDIA) % B % L. RS & ik oo i
j%:ﬂof:o WZIKEPOM VI N WA U A IV A(AV) % B E O URME iR

CROHRL, /AT I=F—F8 (AVOXREF /7 H) ITX o> TEEEICEERY
ﬁq: =1 %.’) & 6 E MUNANA (2’-(4-Methylumbelliferyl)-alpha-D-N-acetylneuraminic
acid) L HLIC T AT LACH U TCT ORI EIT) O TH LN, (— 72T v
%V ELISA T3 L 722 LI LT) Hx DR TIIA Y = /WEFER Y7 pL A —
H—Th O KU VB OBNERLFZ ML T\ D (GEERRIRMREA L T\ 5)
NINEECTH D, ZhITX Y TAV 100 copies/mL /N HUEE % SRR 20 43 C
BT DI EICHII LTS P, E51Z, MCDIA 7' v kL BEED, AL
AEF DL X7 BIZEONT DENCEENELS E b AR R v F T vk
AZA T ORBARDOBRFIZ G LT, FURMERIBLMERL 7 & 1% 33 (B-galactosidase, B-
GalfEfkhik crilamn - oA /1/7\(SARS-C0V-2)’<Y:§°9577<L . B-Gal THfRIN D
HHE RGP (Resorufin B-D-Galactopyranoside) & $:(2 ™7 111/7 VAIZEHATSHZ & T,
PEAFOMEREF v b LY SEWISER (3 47) T 100 5L EOEKE (100
TCIDso/mL) DEERIZHE) LT,

ZOFEICLAUE, R L ORVERERENFTREL 720 | S I ERMERICRTT 5
A NADRFGIABDRIEIR & 2 DGEREDHN Y = L2 Db D EHFFTE D,

nsffr’aﬁ@@ a + 2 ﬁﬁ‘é?éi\
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1) Comparison of Cepheid Xpert Xpress and Abbott ID Now to Roche cobas for the Rapid Detection of
SARS-CoV-2. M. C. Smithgall, I. Scherberkova, S. Whittier, D. A. Green, J. Clin. Virol. 2020, 128,
104428.

2) Quick and ultra-sensitive digital assay of influenza virus using sub-picoliter microwells. H. Ashiba,
M. Yasuura, T. Fukuda, K. Hatano, M. Fujimaki, Anal. Chim. Acta 2022, 1213, 339926.

[tEE] A OB REO—EITH = X — « PEEHITRE BRFEEHEINEDO) D ZFEEK(JPNP19005), 13
KON ISPS BHE JP21HO01466, TIA #7177 T AMERHEEFENTIXILOXEICL 2 b0 TYT, £
7o BFERBATICH T2 0 . SRS JIDEsE Jedk, BAEIRS PR AITERE 2 JHE L Jhh
B E L, ISR L BT,
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Development of automated platform for rapid and sensitive SARS-CoV-2 diagnosis
(‘CPR, RIKEN) O Rikiya Watanabe'

In the ongoing COVID-19 pandemic, rapid and sensitive diagnosis of viral infection is a
critical deterrent to the spread of SARS-CoV-2. To this end, we developed an automated
amplification-free digital RNA detection platform using CRISPR-Cas13a and microchamber
device (SATORI), which automatically completes a detection process from sample mixing to
RNA quantification in clinical specimens within ~9 min [1,2,3]. SATORI detected SARS-CoV-
2 genomic RNA with a LoD of <6.5 aM, comparable to RT-qPCR. Additionally, SATORI
discriminated between SARS-CoV-2 variants of concern with 98% accuracy. In this
presentation, we would like to introduce future prospects of SATORI as a rapid and convenient
diagnostic platform for viral infections, including our latest research results.

Keywords : Single molecule analysis;, bioMEMS,; CRISPR-Cas; SARS-CoV-2

M4, B oo A L A RYSE (COVID-19) DR 722 FRATIC ARV, 3k TR
DOEILAM 72 7 A NV ARG WHE ORI N BB L ST\ b, £2 T, b,
(~A 7 aF v T HONTCAERSGFO 1 4 ERIE] & TCRISPR-Cas % HWN T %k
) Z@EA S8 5 2 & T, SARS-CoV-2 72 & D RNA VA VA% | 53BN CTh
JEJE O MR EGHE OB M (90 LAN) & 6 > T BB T 20 A Hifff (SATORI
%) OB L7z [1,2,3], £72. SATORI % TlE. SARS-CoV-2 ® RNA &fn %
RT-qPCR & [FI%E DK (LoD <6.5aM) T T&E 5721 T2 < 1 AL L O 28 Hfig
MNOEREEZHET S Z EHLAHETH U . COVID-19 DRI %2 V72 FEREE R
T, BHEHE, BLON BEL TV AERROHEIZIBUNT 98%D IEMESR 2 AL L
720 AR TIEEN D OHINBBOFEMERFNT DL L bIT, VAV ARRHENE L
TOFRRRGERR LIV,

1.  Amplification-free RNA detection with CRISPR-Cas13. Shinoda, H., Taguchi, Y., Nakagawa, R.,
Makino, A., Okazaki, S., Nakano, M., Muramoto, Y., Takahashi, C., Takahashi, 1., Ando, J., Noda,
T., Nureki, O., Nishimasu, H., & Watanabe, R. Commun. Biol. 2021, 4, 476

2. Automated amplification-free digital RNA detection platform for rapid and sensitive SARS-CoV-
2 diagnosis. Shinoda, H., Iida, T., Makino, A., Yoshimura, M., Ishikawa, J., Ando, J., Murai, K.,
Sugiyama, K., Muramoto, Y., Nakano, M., Kiga, K., Cui, L., Nureki, O., Takaeuchi, H., Noda, T.,
Nishimasu, H., & Watanabe, R., Commun. Biol. 2022, 5, 473.

3.  Compact wide-field femtoliter-chamber imaging system for high-speed and accurate digital
bioanalysis. lida, T., Ando, J., Shinoda, H., Makino, A., Yoshimura, M., Murai, K., Mori, M.,
Takaeuchi, H., Noda, T., Nishimasu, H., & Watanabe, R., Lab Chip 2022
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A journey of the Japan’s firstly approved SARS-CoV2 antigen tests (FUJIREBIO
INC.) Shintaro Yagi

In December 2019, SARS-CoV-2 was reported to be the pathogen of severe
acute respiratory syndrome (COVID-19) in China. In January 2020, the reported
increasing number of COVID-19 cases in China prompted us to start research and
development of a SARS-CoV-2 antigen test reagent. Owing to the materials, as
native virus, provided among the AMED project members, that we participated in
February 2020, we succeeded to develop the SARS-CoV-2 antigen kit that was
approved as the Japan first in-vitro diagnostics (IVD) for SARS-CoV-2 antigen test
in May 2020. In June of the year, a high-sensitivity quantitative antigen kit was
approved as the first quantitative antigen IVD kit in the world, which has been used
at airport quarantine since August 2020. The use of qualitative antigen kits has
been expanding from healthcare settings to nursing homes. Now the kit is available
as an over-the-counter (OTC) kit. Quantitative antigen kits have also been used
not only in healthcare settings but also in large-scale events. In this presentation
| will summarize the development of antigen kits, and the utilization of the antigen
kits in Japan. | hope that our experience might help to practical implementation of
scientific and technological developments.

Keywords . SARS-COV-2 antigen test, COVID-19

2019 F 12 BICHETHRE S NEEMFRIBEMRE Gl oo 7 BRIE ¢
COVID-19) mERBERELIFE IO F 7 4L R (SARS-CoV-2) TH B L HRE
SNz, 2020 £ 1 B, HAILAKT 2HETOREEDORRAEAR, FLld SARS-
CoV-2 DHEMREBEEROMERFFEZHB L7-, FFE2 A, AMED :ZE*IC&h L. M
AL BEVANLZATORIAEZITIENTE, ENTOREENZTERONTWZREE
5 BIC. RIBWOMREUBREERDOBRKGERE L COREAREZIF LA L, &2
6 BICIIHFANE R Z25RENRTERERL AR IN, 8 AL LEEREICETS
FRIOS VA NLRRE~NEAIN, REHREREIZ. EEEECOFEA»bE
MEWRECOFERA. ZLCRETIHOTCE L L T—RERTOERT EEADIGE
LW T&E, HRAEERED., ZERETOERICMA ., EEEE, KBEA Rk
TERAINTE L, BRELIEMIEREEOHESREDRB, JERKRAZIRY RS &+
2. SHORFEEMEREO—BE LRI E#HEFL. ZOMICREBRL TE/LI 2R
59D, * [FHRIOF T AL ZBEEE(COVID-19) D ZHTHERRICE T 2% ] (W
THARNREE EXRBRLEMRATY 1 L RBETTR. HADE)
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Development of the technology to visualize viruses by luminescence using antibody and
aptamer (Graduate School of Engineering, Tokyo University of Agriculture and Technology)
(OXKazunori Ikebukuro, Ryutaro Asano, Daimei Miura, Wakana Hayashi

Visualization of the viruses in our surroundings should greatly make it easy for us to control
SARS-CoV-2 infection and identify its route of infection However, such a method does not
exist.

For visualization, we developed a detection method based on chemiluminescence using the
antibody against SARS-CoV-2 (AbCoV) modified with Enzyme A and the aptamer against
SARS-CoV- 2(ApCoV) fused with the aptamer which binds to Enzyme B and enhances its
activity to generate chemiluminescence?. In the presence of SARS-CoV-2, both AbCoV and
ApCoV bind to the surface of virus and Enzyme A and Enzyme B will be located in proximity
in the range of several nanometers to several tens of nanometers when both of them are added
to the sample solution. The substrate of Enzyme B is the product of the Enzyme A and therefore,
by the addition of the substrate of Enzyme A, a series of reactions occurs and those result in
chemiluminescence efficiently.

The detection of 10 dC (digital copies) of SARS-CoV-2 was achieved with the camera of the
smartphone. This detection system enables us to perform on-site visualization of many kinds
of viruses by exchanging antibody and aptamer against target virus since what we need is just
adding the reagent to the viruses. We can expect its wide range of applications.

Keywords : Virus detection; Chemiluminescence, Antibody modified with Enzyme; Aptamer;
Proximity

SARS-CoV-2 DRYERIFICBN T, UA NV A ZF OB TEKRERHE T, g
KPR ITHRD TEGIT/2 Y | YR DRIE S RER G2 5, FRIERIRICEE D 5
A& OFEMPA N LA FIRELSEBHEIND T THD, LL, TOLX I RFETER
TEITAFE L7220,

T THLIT, R A TEBRLEZIIVA VAR BEEB ALy A v
AT TH~<— (BBRY T R) L&, UANRCHEIML, WENTALACHES L
AT T, ALEROENE L 2RI A R L, BEFE A L#EFE B 23 nm 2> 54+ nm
BREOHBECIEET 52D T, BFE A OMMELRISIZ X A& Ui bKkEE, BEE B
Nl D) —ODIE L S ST DB ISHNIREEZ 0 ALERIENEL S, 0B
fEE B IXHM TIETIVMEERIE LOVR S 20, 772 ~— LA LR 5
FBEORNETRTHOEHFEANRAB L THE LD VA2 i,

B A BT A LV AHUR, HiOA NV AT 74 ~— [ BIEMERIR T 7 % ~ —1f
FRD 2% BIBRDBEDO T AN AZE ATRERICEIIN L, =R/ T 15 oA v
XaX—hL72t%, MGTOBREOLEZ G AVTERIELIRINT 5 & RBERFN b
HIEGDHZ ENTE T, 100 dC (digital copies)/mL 7> 500 dC/mL D 7 A L A % kR
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HT B2 EBRARETHY  RCBEDOAS VIV Z o FTALRHRMLTHIFEEAL
EFFCIIBIE ST, FrERMRBHATETH > 7,

BT 2720 TRIETE 20T, EEFOMERL LT 08 TORBEER LI AT6E
TH Y. IRFRICHPNIFFTE 5,
1) G-quadruplex-forming aptamer enhances the peroxidase activity of myoglobin against luminol.

K. Tsukakoshi, Y. Yamagishi, M. Kanazashi, K. Nakama, D. Oshikawa, N. Savory, A. Matsugami, F.
Hayashi, J. Lee, T. Saito, K. Sode, K. Khunathai, H. Kuno, K. Ikebukuro, Nucleic Acids Res. 2021,

49(11), 6069-6081.
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Reductive transformation of carbon dioxide using powdered silicon as a reducing agent
(Yokohama National Kyoto University) OKen Motokura

Fluoride-catalyzed reductive reactions of CO» using hydrosilanes" and disilanes® have been
reported by our group. In the reaction of disilane (R3Si-SiRs3), the in-situ formation of Si-H
species from Si-Si bond, F- ion, and H,O was demonstrated. The Si-H species reduces CO; to
formic acid derivatives. These results suggest that metallic silicon containing Si-Si bond may
act as a reducing agent of CO> in the presence of fluoride catalyst. Metallic silicon is possibly
recoverable from waste solar panel. Herein, catalysis of fluoride for reductive transformation
of CO, using silicon powder is investigated.”

The reaction of powdered silicon, CO,, and H>O proceeded with catalytic amount of TBAF,
affording formic acid. In the presence of an amine, the corresponding formamide was formed.
Keywords : Carbon Dioxide; Fluoride Salt; Silicon; Formic Acid; Formamide

A FRE A E VD & TR EIRFE (COy) DIRTTRIGINEAS A RN 4T
T 5, BEETIEE Frv T2 (RSi-H) DT Y7 (R3Si-SiR;) P& E LAl & T
% CO, DIETLUST, 7 bR FZh el s U CHET 2 Z L2 MIEL T\ 5,
VT U DRIGETIE, FIZE o T Si-Si f & DS TR FE G L, RN T Si-
HRENAER L, 208 COy LT 5 Z L TRROFBEMRNGOND, Z D RJiHEE
IZEESTIX, Vv T v EFRERIC Si-Si fEE TR I 2y (BRI AH) biE
JHlE LTHNCHRET 5 & PR LD, — T 2L ORISR T ) 2 8
ThHDHTH FEHEIND KBS FxAnbERES D v ) arZiETH & LTHEHAT
X DAREMEN B D, T T TARMFETIE, v U a R EETTA &5 CO, DETTZE
BSSIZB T D, 7 e ot e U CoOEMMEEZHRE L,

varum sl TELNIZT Y 2R E | tetrabutylammonium fluoride
(TABF)} L UK Z DMSO IR 1 atm D CO, RPHER FTIOSCIZTRALIZE Z A,
RIS BE DA ERS Stz WA LT COp ZEHED FFRIR 1T i E T 68%I2 8
Lz, ZRERNAR TERLLTZ BCOy 2 WS T, Ak L7z FEe BC TEH S
NTHEY, FRICOHKRTHD Z ENRMRINTZ, £lo, ZOIGRICT 2 &k
FEEDZLETHRVLT I RRFEERD E L THONT,

[ ] o o
Si powder + CO, + H,0 cat. TBAF & <or ¢ >
R,N

solvent

(+R,NH )

1) K. Motokura et al. Chem. Lett. 2015, 44, 1217.

2) K. Motokura et al. Chem. Lett. 2015, 44, 1464.

3) K. Motokura et al. Energy Adv. 2022, 1, 385; Asian J. Org. Chem. 2022, 11, €202200230; Commun.
Chem. 2022, 5, 150.
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Toward carbon neutral society - Catalytic CO, conversion to fuel and chemicals (‘ZHI
Corporation) Hiroyuki Kamata'

In order to reduce the increase in the concentration of CO, in the atmosphere, which is the
main cause of global warming, there is an urgent need to transition to so-called carbon neutral
society where the emission of CO, and its absorption and utilization are balanced. In addition
to the suppression of CO, emissions from fossil fuels, the introduction of renewable energy and
the use of hydrogen and ammonia fuels must be greatly expanded. On top of these efforts, the
introduction of carbon recycling, which converts CO, as a carbon source into useful materials,
is inevitably necessary as well. In this presentation, we will introduce our efforts to establish
CO; conversion technology such as methanation to produce e-methane, lower olefins synthesis
and sustainable aviation fuels (SAF) as carbon recycling solutions.

Keywords : CO,; Carbon recycling;, Methanation; Lower Olefins, SAF

HERIEBZ L DR KDOJEK T D KEAHF CO IBED LR Z 1D 5 7-012i%, et
T 27200 T, gBHEBEE - FHNANT VAT 50D L —HR =a— 7
IWIRHERITHNIRATT D Z EMEEN TV D, KD CO, JEHTRIT LA BEHT
X2V F—FHTHL7-0, BEAMRET LT —KE -RELT V=T OKE
AL D AN =D ABREHE RN ETH D, £D LT CO, ZRFEPRE LT
Bz, CO, ZHMMERL TEHT DI —HR VA T NVOENNARAIRTH D,

[HI TIEfE 2 VT CO, ZKFRIT LI VEIITLT DH 2 & T, ERITMba &% k&
L TV BRERAL R 2 AT 5 Z S ICH DA TS, #iTiA A L L TOEAN
HFFSILD CO, DA X F— 3 VL DERA X OREHETOM, 7 1 v v —
fe7yakis (FT KIS) 0 LCHEIE - 77 AF v 7 OFECTh HIEHEkA L7 1
VHRSORR FTRE 7o IZE B (SAF) LRI D ¥ = v NMREIOBILER T O B3 2 E
TWD B, ARAETIE HI IZTRVHATHD I—R U A 7 LHETBEE LW
FRBIZAT 72 B0 A E R D,
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1) SfMEY, TERLRFE(CO) DEEIRLI M 7= AT, THT 247, 2019, 59(1), 17.
2) SkHETM., TELRFEOBRENRS X OMbFIEEMEEIT O BR%S, (b5 & #E, 2022, 70(10), 468.
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Development of sustainable aviation fuels manufacturing process using FT synthesis
technology (Toyo Engineering Corporation) OSatoshi Terai

Efforts to reduce GHG emissions are being carried out in various fields as a countermeasure
against global warming, and the aviation industry is no exception. International aviation is not
a framework of the Paris Agreement since it is difficult to identify origins of CO, emissions,
and International Civil Aviation Organization (ICAQO) has been working on policy making for
GHG emission reductions in aviation sector. Aviation sector currently emits approx. 2% of
global GHG emissions, and about 1.3% are attributable to international aviation. It is predicted
that aviation sector will emit GHG of 2.5 times level of 2020 by 2050 if no measures are taken.
In order to address GHG emission reductions from international aviation, ICAO established
objectives in 2010 to improve CO; efficiency by an average of 2% per annum, to achieve
carbon neutral growth from 2020 (CNG2020). In addition, it was agreed to introduce a GHG
reduction system using a market mechanism called CORSIA, which has been implemented in
stages from 2021. Most recently, the 2022 ICAO General Assembly adopted a long-term global
aspirational goal (LTAG) of achieving carbon neutrality by 2050. In such circumstances,
technological R&Ds are advancing and new commercial projects are being created in various
places of the world to develop and/or produce sustainable aviation fuels (SAF), “drop-in fuel”
which does not require any modifications in current aircraft and aviation infrastructures, and
therefore vital for fast-track achievement of ICAO’s goal.

In SAF production using Fischer Tropsch (FT) synthesis technology, synthesis gas from such
as biomass gasification are converted to mainly straight-chain paraffins by FT synthesis
reaction, and then the FT product is hydrocracked/isomerized to upgrade into synthetic crude
oil. A jet fuel fraction obtained by distilling this synthetic crude oil becomes a synthetic jet fuel
(FT-SPK). Under the current regulations, FT-SPK can be mixed with conventional jet fuel up
to 50% and can be treated like conventional jet fuel if certain criteria are met.

Since 2007, TOYO has been developing small-to-medium scale Gas-to-Liquid (GTL) plant
technology collaborating with Velocys Inc."” For SAF production from biomass gasification,
plant location adjacent to biomass resource would be desirable from LCA point of view,
avoiding extra CO, emissions attributable to collection and transportation of bulky biomass,
and therefore FT technology suitable to small-to-medium scale plant is preferred. Velocys’ FT
synthesis technology, which uses a highly active catalyst and a microchannel reactor with
excellent heat removal performance, reduces reaction volume to 1/10 compared with

conventional technology. Therefore, FT island can be significantly downsized, easily
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modularized, and construction period can be shortened.
In this presentation, TOYO’s current efforts on SAF manufacturing technology development
based on FT synthesis which TOYO has been working on in NEDO project will be introduced.

Keywords : Fischer Tropsch synthesis, Sustainable Aviation Fuels, SAF, microchannel reactor

HIERIRRE(L %R & L C GHG BB O B D #LA T E B T TV D08, fideZER
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TNVERE T HEHBEE (LTAG) DMIRS -, Zb O HEEZZERT 5720121,
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U< /NI Z 0 Wi L7z FT HlFY 2 & LV, Velocys #0 miE MEfREE & BiiR 2%
PREICENT-~ A 7 0 F ¥ RV bas & AW T2 FT & BREIR I Z0E R BN e~ T
JRER AR 110 [/ NVRUETE A0, BV 2a— UL bLES L7 0 @R MR b EE T X
LIEDAY v ERBD,

AFEIE TlX, NEDO F372 T LA T 7=, FT Ak 2l & 45 SAF fili&
FAF DB IR OWTHENT 5,

1) “The Microchannel Process Technology Will Pioneer GTL for Stranded and Off-shore Gas
Utilization”, Kojima, Y., Gastech Conference & Exhibition, UK Excel London, 8-11 October 2012
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Recent trends in negative emissions and catalyst technologies (Graduate School of Science and
Engineering, Waseda University) O Yasushi Sekine

In the IPCC 6™ report published in 2021/2022, it was shown that climate change is affecting
all regions of the world and that this is attributable to anthropogenic CO, emissions at a very
high reliability. On the Earth, which is a closed system in terms of elements, the concentration
of CO; in the atmosphere has reached 413 ppm due to the continuous utilisation and burning
of fossil resources, which are the legacy of prehistoric life. It is essential to break away from
the use of fossil resources and expand the use of renewable energy sources in the future. At the
same time, methods to capture and reduce the CO; in the atmosphere that has been emitted so
far (negative emissions) will also be important. There are three major options for such methods:
direct air capture and fixation, enhanced fixation by biomass, and CO, capture and fixation
after biomass utilisation. As for CO; capture and fixation after biomass use, there are candidates
such as carbonisation and CCS after absorption and separation by conventional physical and
chemical methods. The carbonisation process is the main option when considering a catalytic
process. Several methods are possible, such as catalytic dry reforming of biomethane to
synthesis gas, followed by catalytic disproportionation and carbonisation of CO. The current
status of such negative emissions and the role of catalytic processes for this purpose will be
summarised and discussed.

Keywords : Negative emissions, Carbon dioxide capture; Catalytic processes

2021 4 + 2022 4EIZ/ABI &7z TPCC 3 6 RSB W T, [EEH R RO H 5
D HHUBITE A RITLTWD Z &, TN ABRIZR CO, Hit7e SITIEFITHEV i
KTERNLTWDZ EARENT, WELE LTHD LR THIMERICBW T, K
T DA DEETH HLAEIRZ TS L TR - BREBELEHT 2 2 & T, KT D Co,
PREEI 413ppm IZEE L TV 5, A, (LA ERFIANS ORAE], FAFRE= /L ¥
—FIFIERMM VB TH D Z LidimaRiz7e 0, RS, ZTRETHEHLTLE->ZK
SO CO N L THIET 2T RAT 47 =Ivvay) bEEERD, 20
Kokl LT, RED 6 DOEH: CO, [EUXE E(DAC), /31 F~ AT K D FEERLE,
A F= ZFHHD CO,BIUREFED 3 DN REERILE LTHVIEDL D, A F~
AFIHBZ D CO [T & [FE & LT, ERDOMEL - LRI X DRI B2 R 7= 1212
AL - CCS 72 E DN D A, it 7ot 2 L LTEZ A EFICHRL T o AN ELHE
IR L 70D, NAFAZ Y RIAV T4+ —I T L TRRITAEL
72 BT, CODHEFBLIZ L 0 R L TRIET D22 E, W OO FERB 2L
5o ZDXIRAIT 4TI v arOBIREZ OO0/ 0 A DRI
FNZOWTEH L TA%B L ILITE X THIL,

1) BIR &, K= 3/L¥—,48(3), 6-10, 2022.
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Drug development to address underserved diseases: Development of bendamustine HCI and

pipelines (SymBio Pharmaceuticals Limited, Global Research & Development Division)
Masatoshi Hazama

The fundamental corporate goal of SymBio Pharmaceuticals is to deliver long-awaited new
therapeutic options to patients and medical providers in the "underserved diseases". Through
rapid development, bendamustine hydrochloride was approved for relapsed-refractory indolent
non-Hodgkin lymphomas, mantle cell lymphoma, and then for chronic lymphocytic lymphoma,
and finally it has become the standard treatment as including combination with antibodies, and
furthermore it was recently approved for the first time to treat relapsed/refractory DLBCL.
Liquid formulation enabling easier handling has been now broadly used. In other disease areas,
we are also developing new drugs, particularly brincidofovir (BCV), a unique lipid-conjugated
antiviral, is under development for post-transplant adenovirus infection which is often fatal but
there is no established treatment. We are also pursuing new treatment methods with BCV
through approaches including joint researches with academia.

Keywords : Bendamustine; lymphoma, brincidofovir
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Bendamustine HCI Brincidofovir

G

1) Murayama K., et al. Annals of Hematology 2022, 101, 979-989,
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Mechanism of action and advantages of “Regeneration-Inducing Medicine” (StemRIM Inc.)
Masatsune Okajima

“Regeneration-Inducing Medicine” is a next-generation medicine that aims to overcome
intractable diseases through an entirely new mechanism. In collaboration with Prof. Tamai in
Osaka University, we have eliminated the innate immune activation domain, which induces
inflammatory responses, from the HMGBI1 protein and created a highly safe HMGB1 peptide
with only mesenchymal stem cell mobilization activity. Because ectodermal mesenchymal
stem cells are induced to the site of tissue damage without culturing externally, functional
regeneration of damaged tissue can be promoted without the loss of cell migration ability,
fibrosis regulation ability, and tissue regeneration ability that mesenchymal stem cells
inherently possess. In addition, unlike cell therapy, Regeneration-Inducing Medicine can be
produced in an industrially planned manner, thus reducing manufacturing costs.

Keywords : Peptide; Regeneration Medicine; Cell therapy; Orphan disease
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('Perseus Proteomics Inc.) O Takuya Yokokawa,'

Perseus Proteomics was established in 2001 based on protein expression and antibody
production technologies developed at the Laboratory for Systems Biomedicine, Institute for
Advanced Study, University of Tokyo, with the goal of medical applications of antibodies for
diagnostic and drug targets. We are constantly incorporating new and practical antibody
technologies. We have licensed three anti-cancer drug pipelines to pharmaceutical companies
through our technology for acquiring antibodies to target proteins that were previously difficult
to create (Budded Virus). We have also discovered the antibody against transferrin receptor,
that inhibit transferrin uptake through the use of our phage antibody library with highly
diversed repertories and proprietary screening technologies. We are currently conducting
clinical trial by this result.

We are seeking to provide solutions through collaborative research with many academic
professors. In parallel with our own pipeline development, we also sell antibody reagents and
conduct various antibody-related contract research in order to support academia and companies
involved in the research and development of therapeutic antibodies. In this presentation, we
will introduce some of our examples including transferrin receptor (PPMX-T003).

Keywords : Perseus Proteomics, Antibody, Phage display, Transferrin Receptor, PPMX-T003
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Control of Stlmulus Response and Functionalization of Smart Soft Crystals (School of
Biological and Environmental Sciences, Kwansei Gakuin University) Masako Kato

While polymers and liquid crystals are well known as stimulus-responsive materials, higher
ordered materials called soft crystals attract much attention recently. Soft crystals respond to
environmental small changes such as atmosphere and temperature, or mechanical stimuli,
maintaining the structural order, resulting in visible and distinct changes in luminescence and
color. Therefore, soft crystals are promising as sensing materials and also expected to construct
systems that exhibit changes in properties such as magnetism and conductivity. In this talk,
luminescent smart soft crystals that show sensitive and selective response will be introduced
focusing on platinum(Il) complex crystals that have been developed in our group.

Keywords :Soft Crystal; Luminescence; Chromism, Pt(Il) Complex, Structural Transformation
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1) Concept of Soft Crystals. M. Kato, H. Ito, M. Hasegawa, K. Ishii, Chem. Eur. J. 2019, 25, 5105.

2) Special Issue on Soft Crystals. M. Kato et.al., J. Photochem. Photobiol. C. 2022, 51, 100476—
100486.

3) D. Saito, T. Ogawa et al., Angew. Chem. Int. Ed. 2020, 59, 18723.

4) D. Saito, T. Galica et al., Chem. Eur. J., 2022, 28, ¢202200703.

5) M. Yoshida, V. Séésk et al., Adv. Opt. Mater. 2022, 10, 2102614.
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Combination of Nanofiber Technology and Soft Crystal Science ('NafiaS Inc.) O Kei
Watanabe,' Osamu Ohsawa!

Nanofiber-based thin films (pore size of 10°°~107 m) have been practically used as highly
efficient filter materials. On the other hand, porphyrin-based thin films with molecular
nanopores are also expected to play a crucial role in the field of filters, however, low strength
of the films highly limits their easy-handling. Therefore, we have attempted to develop a filter
material with high filtration efficiency and low-pressure loss by hybridizing the nanofiber thin
film with the porphyrin thin film. The cm-ordered porphyrin thin films were successfully
prepared by controlling the interfacial complexation reactions. To investigate filtering abilities,
the large area (4cm>4cm) of nanoporous porphyrin-based 2D frameworks was hybridized with
the nanofiber-based mesoporous thin film. In addition, fine particles were collected by the
resultant porphyrin thin film, suggesting the development of filters based on molecular thin
films can be expected.

Keywords : Nanofiber,; Soft crystals, Porphyrin; Electrospinning;
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Porphyrin-based 2D frameworks Nanofiber-based thin fiims

Fig. I Hybridization of porphyrin-based 2D frameworks with nanofiber-based thin films.
1) R. Makiura, et al., Nature Mater, 2010, 9, 565. 2) R. Makiura, et al., Sci. Rep., 2013, 3, 2506.3) &
A7, &R, 2022, HATKF
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Next-generation Soft Electronics Driven by High-performance and Solution Processable
Organic Semiconductor Single Crystals ('Material Innovation Research Center (MIRC) and
Department of Advanced Materials Science, Graduate School of Frontier Sciences, The Univ.
of Tokyo, *CREST, JST) OToshihiro Okamoto'*

The development of practical organic semiconductors (OSCs) paves the way to next-generation
organic-based soft electronics. Our group has demonstrated a unique and innovative molecular
design strategy for p-type and n-type OSCs. For example, conceptually new bent-shaped n-
cores introduce effective intermolecular orbital overlaps and suppression of molecular
vibrations by their shape, leading high carrier mobility. Furthermore, suppressing
intermolecular vibrations should also contribute to the thermal stability of the aggregated form
and high thermal durability of the device. Thus, high performance p-type and n-type OSCs
could realize high-end organic electronics such as CMOS logic circuits.

Keywords : Organic Semiconductors; High Carrier Mobility; Single Crystalline Thin-Film;
Solution-Process, Band-like Transporting Materials
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1)a) Adv. Mater. 25, 6392 (2013). b) Adv. Mater. 26, 4546 (2014). ¢) J. Am. Chem. Soc. 142, 14974
(2020). d) Adv. Sci. 5, 1700317 (2018). e) J. Am. Chem. Soc., 144, 11159 (2022). 3) a) Sci. Adv. 6,
eaaz0632 (2020). b) Chem. Mater. 32,9115 (2020). ¢) J. Phys. Chem. Lett. 12,2095 (2021). d) Commun.
Chem. 4, 155 (2021). e) Acc. Chem. Res. 55, 660 (2022). f) Angew. Chem. Int. Ed. €202206417 (2023).

© The Chemical Society of Japan - K401-3pm-03 -



The Chemical Society of Japan The 103rd CSJ Annual Meeting

Symposium | Co-Innovation Program (CIP) | Drug discovery bio-ventures that will support the health of human in the
future

[K402-3vn] Drug discovery bio-ventures that will support the health of

human in the future
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[K402-3vn-01] Development of boron containing drug for boron neutron capture
therapy
©Koki Uehara' (1. STELLA PHARMA CORPORATION)
4:10 PM - 4:50 PM
[K402-3vn-02] Modele Drug Development
OKiyoshi Eshima' (1. Delta-Fly Pharma, Inc.)
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Development of boron containing drug for boron neutron capture therapy (STELLA PHARMA
CORPORATION) OKoki Uehara

Boron neutron capture therapy (BNCT) is a new radiotherapy that utilizes the strong energy
generated locally by the nuclear fission reaction between boron-10, a stable isotope of boron,
and weak-energy thermal neutrons. BNCT can provide cell-selective therapy by using boron-
10 drugs that accumulate in cancer cells. In this presentation, we will introduce the
development of our world’s first BNCT drug, which was approved in Japan in 2020.
Keywords : BNCT
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Module Drug Development (Delta-Fly Pharma, Inc. President & Founder) OXiyoshi Eshima

With our Module Drug Development concept, we develop new anticancer drugs that have
improved balance of safety and efficacy by using existing drugs, compounds and molecules
with anticancer properties as components in our products. Our mission is to develop “gentle”
anticancer drugs with reduced side effects that can be provided at a reasonable price and benefit
cancer patients and society worldwide.

Module Drug Development enables us to shorten an initial research period of time only for
1-2 years by using already known active substances. We use our innovative approach to create
anticancer drugs with reduced side effects that improve quality of life.

We have held 6 pipelines and 4 of 6 are on-going clinical stage in the US and Japan and we
are expecting a new drug approval in the near future.
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[K401-3vn] Development of innovative technologies based on molecular
crystal materials: the effective use of novel materials, “ Soft
Crystals”

Chair, Symposium organizer: Kazuyuki Ishii, Miki Hasegawa, Nagatoshi Koumura
Fri. Mar 24, 2023 4:10 PM - 6:15 PM K401 (K401, Lecture Hall Bldg. [4F])

[K401-3vn-01] Creation of Helical Biopolymer-Integrated Softcrystal and its
Application to Photo-Electronic Devices
“Norihisa KOBAYASHI' (1. Chiba University)
4:10 PM - 5:10 PM
[K401-3vn-02] Research and Development of Laser Rewritable Marking utilizing Soft
Crystals
9Yoshihiko Hotta' (1. Hotta Technical Consulting firm)
5:10 PM - 5:40 PM
[K401-3vn-03] Gold Complex Soft Crystals and Beyond
OHajime Ito' (1. Hokkaido University)
5:40 PM - 6:10 PM
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Creation of Helical Biopolymer-Integrated Softcrystal and its Application to Photo-Electronic
Devices ('Graduate School of Engineering, Chiba University) ONorihisa KOBAYASHI!

Biopolymers have been investigated extensively from the standpoint of the application as
the environmental-friendly materials and/or novel functional optical and electronic materials.
Biopolymer is a soft matter but exhibits soft crystal structure by hybridizing with functional
molecules. For a functional application of these soft crystals, we extended the concept of
softcrystal to highly ordered biopolymer such as DNA and polypeptide hybrid.

In this paper, we focused on the application of biopolymer soft crystal to electrochemi-
luminescent cell and organic TFT memory.

Keywords : Softcrystal, Helical Biopolymer, Electrochemiluminescent Cell, OTFT memory
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Fig. 1. PMLG OTFT memory. Fig.2 DNA/Ru(bpy)s;*>" hybrid ECL device

for photon-upconversion.

1) Soft Crystals — Flexible Response Systems with High Structural Order. M. Kato, H. Ito, M. Hasegawa,
K. Ishii, Chem. Eur. J. 2019, 25, 5105.

2) Non-Volatile Transistor Memory with a Polypeptide Dielectric. L. Liang, W. He, R. Cao, X. Wei, S.
Uemura, T. Kamata, K. Nakamura, C. Ding, X. Liu, N. Kobayashi, Molecules, 2020, 25, 499.

3) Ultrafast Response in AC-Driven Electrochemiluminescent Cell Using Electrochemically Active
DNA/Ru(bpy);*" Hybrid Film with Mesoscopic Structures. S. Tsuneyasu, R. Takahashi, H. Minami, K.
Nakamura, N. Kobayashi, Sci. Report, 2017, 7, 8525.

4) Electrochemically Triggered Upconverted Luminescence for Light-Emitting Devices. H. Minami, T.
Ichikawa, K. Nakamura, N. Kobayashi, Chem. Commun., 2019, 55, 12611.

5) Upconverted blue ECL 0of 9,10-DPA with ultrafast response on DNA/Ru(bpy)s>" hybrid electrode. R.
Ozawa, H. Minami, K. Nakamura, N. Kobayashi, J. Mater. Chem. C, 2021, 9,2252.
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Research and Development of Laser Rewritable Marking utilizing Soft Crystals (Hotta
Technical Consulting Firm) OYoshihiko Hotta

Various rewritable recording technologies have been proposed as a technical field that has
attracted much attention for its convenience and reduction of environmental impact. In
particular, thermal rewritable recording was first put to practical use.

Rewritable marking utilizing a leuco dye and a developer having a long-chain alkyl group
can be colored black, blue, red, etc., depending on the choice of dye, and has the feature that
the coloring state and the decoloring state can be controlled by aggregating/separating the leuco
dye and the developer using the crystallizing power of the developer itself. These have been
conventionally used for card displays, but the authors have made it possible to apply them to
logistics applications by means of non-contact heating control using a laser.

Keywords : Rewritable Marking; Leuco Dye; Developer; Long-chain Alkyl Group, Laser
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1) WHEEZ. V74 2T AAHEEN, BABGEREE 2012, 51,2, 213.
2) Y. Hotta, T. Ishimi, K. Yamamoto, T. Furukawa: Development of Rewritable Laser System,
Proceeding of 30" International Conference on Digital Printing Technologies (NIP30), 2014, 292.
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Synthesis of Boron-Containing Cyclic Compounds via Oxyboration of Arynes ('Graduate
School of Engineering, Hokkaido University, *WPI-ICReDD, Hokkaido University)
OHajime Ito'?

The mechanical behavior of organic and organometallic compounds have attracted the
attention of many researchers. Since 2008, our laboratory has focused on the mechanical
behavior of gold(I) isocyanide complexes and the structure changes with luminescence
properties. Furthermore, we have developed a number of mechanochemical organic synthetic
reactions utilizing our knowledge of these "structural changes in solids". In this talk, I will
review our research in recent years and discuss the aromaticity of these solids.

Keywords : Au(l)-Isocyanide Complex, Soft Crystals, Mechanochemical Organic Synthesis
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[K102-3pm-04] Exploration of Non-Lead Perovskite Solar Cells by Fast Experimental
Screening and Machine Learning
OAkinori Saeki' (1. Osaka University)
2:55 PM - 3:35 PM

©The Chemical Society of Japan



K102-3pm-01 BALZS H103BFES (2023)

WM E Z/EM L1-#3 MOF O &SRB
(BITE R AT OmP A !

Machine learning-assisted synthesis of novel metal-organic frameworks (!School of Science,
Kwansei Gakuin University) ODaisuke Tanaka'

Metal-Organic Frameworks (MOFs) exhibit promising functionalities by utilizing the
framework structures. Because MOFs can form many crystal polymorphisms, it is difficult to
predict synthesis condition to realize desired structures. Mechanism of crystallization process
of MOFs is not fully understood, and time-consuming exploration has been required to
optimize the synthesis conditions. Here, we focus on machine learning techniques to improve
the accuracy of the prediction for the synthesis conditions. In this work, we explored the
synthesis conditions of novel MOFs using high throughput screening systems and machine
learning technique.

Keywords : Metal-Organic Frameworks, Machine Learning High throughput Screening
Synthesis
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1) Machine-Learning-Assisted Selective Synthesis of Semiconductive Silver Thiolate Coordination
Polymer with Segregated Paths for Holes and Electrons, T. Wakiya, Y. Kamakura, H. Shibahara, K.
Ogasawara, A. Saceki, R. Nishikubo, A. Inokuchi, H. Yoshikawa, D. Tanaka*, Angew. Chem. Int. Ed.

2021, 60, 23217.

2) Failure-Experiment-Supported Optimization of Poorly Reproducible Synthetic Conditions for
Novel Lanthanide Metal-Organic Frameworks with Two-Dimensional Secondary Building Units, Y.
Kitamura, E. Terado, Z. Zhang, H. Yoshikawa, T. Inose, H. Uji-i, M. Tanimizu, A. Inokuchi, Y.

Kamakura, D. Tanaka*, Chem. Eur. J. 2021, 27, 16347.

3) Data-Driven Efficient Synthetic Exploration of Anionic Lanthanide-Based Metal-Organic
Frameworks, Y. Kitamura, Y. Nakamura, K. Sugimoto, H. Yoshikawa D. Tanaka *, Chem. Commun.

2022, 58, 11426-11429.
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Understanding and rational design of functional materials based on computational chemistry
and machine learning (' Department of Chemistry, Faculty of Science and Technology, Keio
University) OMiho Hatanaka'

Machine learning models that calculate the physical properties from information about the
materials can be used to predict the physical properties of untested materials, i.e. in silico high-
throughput screening. However, due to the small data set of metal complex materials, it is
necessary to develop reasonable data collection systems and numerical representations. In this
talk, I will introduce our recent works in two functional metal complex materials: the palladium
complex catalysts and the cerium photofunctional complexes.

Keywords : Metal Complexes, Feature Engineering, Global Reaction Route Mapping
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1) C. R. Groom, . J. Bruno, M. P. Lightfoot, S. C. Ward, Acta Cryst. 2016, B72,171. 2) Y. Qiao, E.
J. Schelter, Acc. Chem. Res., 2018, 51, 2926. 3) H. Zhang, D. Nettleton, and Z. Zhu, 2019,
https://arxiv.org/abs/1904.10416. 4) S. Maeda, K. Ohno, K. Morokuma, Phys. Chem. Chem. Phys.,
2013, 15, 3683.
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Material Search of Solid Electrolytes Using Machine Learning Methods for All-Solid-State
Lithium Battery (Institute of Innovative Research, Tokyo Institute of Technology) O Kota
Suzuki, Ryoji Kanno

Searching for new materials is essential for improving the performance of all-solid-state
lithium batteries. However, it requires extensive experimentation and a long-term research
period. The use of machine learning is expected to accelerate material development”. In this
study, a machine learning method was developed, which predicts ionic conductivity based on
chemical composition”. Under the obtained guideline, the material search was focused on the
Li,0-Si0,-Mo0Os pseudo-ternary phase diagram, which is predicted to have high ionic
conductivity (> 10 S cm™"). We investigated the formation range and ionic conductivity of the
lithium superionic conductor (LISICON) solid solution on the LisSiOs4-LixM0OQy4 tie line.
Relatively high ionic conductivities (~ 107" S cm™") were confirmed between x = 0.2 and 0.4
compared to the end members. In this region, a formation of pure LISICON phase was
confirmed. This conductivity trend, which depends on the composition, was consistent with the
predicted conductivity. However, the experimental values were two or three orders of
magnitude lower than the predicted values. Further training data augmentation, rational design
of descriptors, and the use of various machine learning algorithms could reduce this deviation
shortly. Other examples of the material search will also be introduced in the presentation.

Keywords : Machine learning; Solid Electrolyte; Material Search; Solid State Battery
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1) J. Mater. Chem. A 2020, 8, 11582, 2) A3 L O RiG4 2022, 69, 108.
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Exploration of Non-Lead Perovskite Solar Cells by Fast Experimental Screening and Machine
Learning (' Graduate School of Engineering, Osaka University) O Akinori Saeki'

Connecting data science (machine learning) with experimental methods is critical for
accelerating material science research. Herein, we report a multivariate analysis for exploring
A-site organic cation mixing in tin iodide perovskite (ASnls) solar cells (PSC), which are the
most suitable Pb-free PSC candidates. To address the common drawbacks of Sn perovskites
(facile oxidation of Sn** to Sn** and large degree of mixing), we proposed an efficient
experimental screening method to predict the power conversion efficiency (PCE) of ASn(ID)Is,
in which A is a ternary or quaternary mixed organic cations. The high correlation coefficient of
our model (0.953) and experimental validation (0.982) allowed us to identify a new
(FA0.92IMo.08)0.9PEA(.1Snl; Sn-PSC with a PCE of 7.22%. Our results provide a basis for
exploring A-site cation mixing in Sn-PSCs for improving their performance.

Keywords : Non-lead Perovskite Solar Cells; Machine Learning; Microwave Conductivity,
Bismuth and Antimony
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1) F. Iyoda, R. Nishikubo, A. Wakamiya, A. Saeki, ACS Appl. Energy Mater. 2020, 3, 8224. 2) C.
Nishikawa, R. Nishikubo, F. Ishiwari, A. Saeki, ACS Appl. Energy Mater. 2022, 5, 6291. 3) A. Saeki,
Polym. J. 2020, 52, 1307. 4) E. Nakanishi, R. Nishikubo, A. Wakamiya, A. Saeki, J. Phys. Chem. Lett.
2020, /1, 4043. 5) E. Nakanishi, R. Nishikubo, F. Ishiwari, T. Nakamura, A. Wakamiya, A. Saeki, ACS
Materials Lett. 2022, 4, 1124.
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Chair, Symposium organizer: Yoshiyuki Kuroda, Yusuke Ide
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[K403-3am-01] Progress in Nanosheet-based Supercapacitors
OWataru Sugimoto' (1. Shinshu University)
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[K403-3am-02] Cooperation of Electrons and Protons in Functional Porous lonic
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Progress in Nanosheet-based Supercapacitors (Faculty of Textile Science and Technology,
Shinshu University) O Wataru Sugimoto

There is a strong demand for high surface area nanosized electrode materials for application
in surface confined redox chemistry and electrocatalysis.' High electronic conductivity is an
important factor for choice of electrode materials for applications that require rapid
charge/discharge performance such as supercapacitors. Hence, electrodes based on conductive
nanosheets such as noble metal oxides (RuO» and IrO,) nanosheets, graphene, MXene, and
transition metal dichalcogenides are attracting increased attention.

While these nanosheet materials have appreciable electronic conductivity, the extended two-
dimensional morphology of nanosheets can inhibit migration of ions resulting in low power
performance. Therefore, the orientation and stacking configuration of the nanosheets has a
strong effect on the charge storage capability. For example, vertically aligned nanosheets
exhibit several times higher power performance than horizontally aligned nanosheets.>* The
lateral size of nanosheets also affects the specific capacitance and rate performance.* In this
talk, recent advances in the synthesis of conductive nanosheets, the orientational control of
nanosheets, and methods to enhance the conductivity of electrodes with conductive nanosheets
as binders will be briefly summarized and approaches to improve charge storage capabilities
will be discussed.

Keywords - Nanosheet; Supercapacitor; Vertical alignment; Size effect
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Figure. Vertically aligned graphene and its power performance compared to horizontally
aligned nanosheets (inset). [2]

1) W. Sugimoto and D. Takimoto, Chem. Lett., 2021, 50, 1304.

2) D. Mochizuki, R. Tanaka, S. Makino, Y. Ayato, and W. Sugimoto, ACS Appl. Energy Mater., 2019,
2(2), 1033.

3) T. Yoshida, D. Takimoto, D. Mochizuki, and W. Sugimoto, Electrochemistry, 2020, 88(4), 305.
4) . Sato, Y. Takasu, K. Fukuda, and W. Sugimoto, Chem. Lett., 2011, 40(1), 44.
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Cooperative Effects of Electrons and Protons in Functional Porous lonic Crystals (Schoo! of
Arts and Sciences, The University of Tokyo) (OSayaka Uchida

Considerable efforts have been devoted to developing oxygen evolution reaction (OER)
catalysts based on transition metal oxides. Polyoxometalates (POMs) can be regarded as model
compounds of transition metal oxides, and cobalt-containing POMs (Co-POM:s) have received
significant interest as candidates. Herein, we utilize porous ionic crystals (PICs)" based on Co-
POMs, which enable the establishment of a composition—structure—function relationship to
understand the origin of the synergistic catalysis. Specifically, a Keggin-type POM [a-
CoW1204]® and a Cr-complex [Cr;0(OOCCH,CN)s(H20);]" are implemented as building
blocks of PIC for OER under non-basic conditions. The PIC exhibits efficient and sustained
OER catalytic activity while each building block is inactive. Electrochemical and spectroscopic
studies clearly show that the synergistic catalysis originates from the charge transfer from the
Cr-complex to [a-CoW12049]%"; the increased electron density of [a-CoW12049]®” may increase
its basicity and accelerate proton abstraction as well as enhance electron transfer to stabilize
reaction intermediates adsorbed on [a-CoW,040]%".

Keywords : electron, proton; metal-oxo clusters
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1) Y. Shimoyama, S. Uchida, Chem. Lett. 2021, 50, 21 (Highlight Review). 2) Y. Shimoyama, N.
Ogiwara, Z. Weng, S. Uchida, J. Am. Chem. Soc. 2022, 144, 2980.
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Chiral van der Waals Superlattices for Spintronic Applications (Graduate School of
Engineering, Kyoto University, IST-PRESTO)OMasayuki Suda

In this work, novel van der Waals superlattices were designed by introducing molecular
chirality into the van der Waals gaps of layered transition metal dichalcogenides. In this
presentation, two kinds of their applicaions will be introduced. One is for the effective oxygen
evolution reaction and the other is for the superconducting diodes..

Keywords : Chirality, Transition Metal Dichalgogenide; Spintronics,; Superconductivity; Water
electrolysis
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1) Z. Bian, M. Suda et al., Adv. Sci. 2022, 9, 2201063.
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(! Center for Green Research on Energy and Environmental Materials, National Institute for
Materials Science) OKen Sakaushi,'
Keywords: n-conjugated Frameworks; Multielectron Transfer; Electrode Process

High-performance yet cost-effective advanced rechargeable battery is a game-changing
device for effective use of electricity supplied from wind and sun and achieve “carbon
neutrality”. The criteria of advanced battery are extraordinarily challenging: (1) Energy density
of 500 Wh/kg in a battery pack form; (2) Price with < 100 $/KWh; (3) Duration with > 10
years.! In addition, because enormous number of devices are necessary, this battery should be
constituted of sustainable elements. However, so far, there is no such battery system to satisfy
whole these criteria. Here two-dimensional n-conjugated coordination frameworks (2DpCFs)
are shown to be one of possible candidate electrode materials for such advanced batteries.> A
key property in 2DpCFs is the designer electronic structure: we can tune their electronic
properties by selection of metal cation and linkers;® therefore, we can also control the
electrochemical properties of 2DpCFs. As the result, the bis(diimino)copper framework was
found to show electron-transfer-number of 3.5 with cation/anion co-redox mechanism together
with a dual-ion mechanism. In this talk, the role of the cation—anion interactions for this
property will be shown by using an experiment/theory collaboration applied to a series of the
model electrode systems based on different metal-nitrogen bonds. These models provide
designer multielectron-transfer due to the tunable n-d conjugated electronic structures. In this
work, we show that, in addition to tunable electronic structures, it is found that the specific
cation-anion bonds in 2DpCFs show a unique reversible rearrangement upon electrochemical
Li-intercalation. This dynamic structural change can be seen as an analogue to the well-known
flexibility to host-guest interactions of this type of materials, for example, upon uptaking
various small molecules,” and this dynamic process is also an essential for a significant
reversible multielectron-transfer property.

1) M. Ue, K. Sakaushi, K. Uosaki, Mater. Horiz. 2020, 7, 1937. 2) K. Sakaushi, H. Nishihara, Acc. Chem.
Res. 2020, 54,3003. 3) K. Wada, K. Sakaushi, S. Sasaki, H. Nishihara, Angew. Chem. Int. Ed., 2018, 57,
8886. 4) M. Amores, K. Wada, K. Sakaushi, H. Nishihara, J. Phys. Chem. C, 2020, 124,9215. 5) D. Xia,
K. Sakaushi, A. Lyalin, K. Wada, S. Kumar, M. Amores, H. Maeda, S. Sasaki, T. Taketsugu, H. Nishihara,
Small, 2022, 18,2202861. 6) K. Sakaushi, In Functional Organic and Hybrid Nanostructured Materials:
Fabrication, Properties, and Applications, Li, Q. (Ed.), Wiley-VCH Verlag GmbH & Co. KgaA, 419-
444 (2018). 7) S. Kitagawa, K. Uemura, Chem. Soc. Rev. 2005, 34, 109.
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Advances in Nanosheet Synthesis and Electronic Functions ('Institute of Industrial
Nanomaterials, Kumamoto University) O Shintaro Ida !

Two-dimensional materials are known to exhibit different physical properties compared with
the bulk materials, such as quantum size effects originating from dimensionality reduction. The
2D-materials have attracted attention in the research on electrode materials for batteries,
capacitors and fuel cells, and nanosheet materials with electronic conductivity, ionic
conductivity and catalytic functions are being investigated. For example, the conductivity of
graphene oxide changes from proton conductivity to electronic conductivity depending on the
type and amount of surface oxygen functional groups, making it possible to create carbon
devices such as all-carbon capacitors where the electrode and electrolyte are entirely made of
graphene oxide by controlling the surface oxygen functional groups. In addition, new 2D
materials such as metal oxynitride nanosheets, metal nitride nanosheets and metal nanosheets
has also attracted attention. In this presentation, the synthesis of such graphene oxide and
oxynitride nanosheets and their characteristics will be introduced, as well as research on their
application to fuel cells, capacitors and electrocatalysts as related to their electronic functions.
Keywords : Nanosheet,; graphene oxide; oxynitride; fuel cell
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Powder-film-formation Process Informatics for autonomous exploration of multi-dimension

process parameters
(Graduate School of Engineering, The University of Tokyo) OKeisuke Nagato

The final performance of both new materials developed through Materials Informatics and
conventional materials changes greatly depending on the cooking method, that is, the process.
Process development, which is one of Japan's strengths, is required to have high throughput in
the DX era. “Process Informatics” is expected as one of the solutions. I introduce the case of
autonomous exploration of powder-film-formation process, whose phenomena is complexed
and have combinatorial explosion while is essential for manufacturing of fuel cells or batteries
realizing for the next-generation carbon-neutral society.

Keywords : Process Informatics, Powder-film-formation, autonomous exploration; Bayesian
Optimization
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1) EHEEMIN THERIE Y 0 AFFFED A ZAN—T > MED T2 DT — & BREN R A~
BER AT H<T 47 A EBONSE, 2020 427 A5, 511-516.

2) K. Nagai, T. Osa, G. Inoue, T. Tsujiguchi, T. Araki, Y. Kuroda, M. Tomizawa, K. Nagato, “Sample-
efficient parameter exploration of the powder film drying process using experiment-based Bayesian
optimization”, Sci. Rep. 2022, 12, 1615. https://doi.org/10.1038/s41598-022-05784-w

3) YouTube video; https://youtu.be/z1pIUIX jW8
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High-resolution printed electronics for high-throughput and large-area devices ('Sensing
System Research Center, National Institute of Advanced Science and Technology) O Yasuyuki
Kusaka

Printed electronics gathers attention as it realizes a facile, large-area, cost-effective
patterning of nanomaterials for electronic device fabrications. By selectively transferring an
applied ink layer that has dried on a silicone sheet to exhibit an elastoplastic behavior, single-
micrometer level patterns can easily be patterned”. We have revealed that an optimal solid
content at the dried state to this printing is around 45 vol% and higher content reduced the
adhesiveness of the ink layers, implying an upper limit for successful patterning”. By using
ionic liquids as the drying state controller, a fine patterning of semi-solid electrolytes is also
enabled®. By formulating nano-colloid inks, various devices are demonstrated such as thin-
film thermistors, thin-film transistors and micro-supercapacitors.

Keywords : Printed electronics, Colloid; Drying; Rheology
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1) Recent advances in reverse offset printing: an emerging process for high-resolution printed
electronics, Y. Kusaka et. al., Jpn. J. Appl. Phys. 2020, 59, SG0802.

2) Micro-transfer patterning of dense nanoparticle layers: roles of rheology, adhesion and fracture in
transfer dynamics, Y. Kusaka et. al., Soft Matter 2020, 16, 3276-3284.

3) High-resolution patterning of silica nanoparticle-based ionogels by reverse-offset printing and its
characterization, Y. Kusaka et. al., Flex. Print. Elec. 2020, 7, 035013.
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Numerical simulation of the formation and response of colloidal structures during fabrication

process: dispersing, coating, and drying ('Environmental Science Center, The University of
Tokyo) ORei Tatsumi'

Various functional materials such as battery electrodes and electronic materials are produced
from colloidal suspensions. In the fabrication of these materials, the non-equilibrium structure
formation of colloidal particles is induced during the operations: dispersing, coating, and drying.
Since the formed colloidal structures affect operational efficiency and material performance,
we have developed a numerical simulator to understand the relationship between the structure
formation and the operational conditions. We will discuss the results that have been obtained
by the numerical simulations.

Keywords : Colloid; Direct numerical simulation,; Langevin dynamics, Rheology
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1) SNAP #F9E42, https://www.product-innovation.or.jp/snap/index_snap2019.html.
2) REM, MBS 94(2), 52 (2021).
3) REM, /g, [LAHER, {BF1IT5 80(3), 179 (2016).
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Mixing process and dispersion state of electrode slurry for Lithium-ion battery (PRIMIX

Corporation) OMaiko Kawakubo

The electrode of lithium-ion battery is manufactured through the steps: mixing of electrode
materials, coating on the current collector foil, and solvent drying and pressing. Especially,
electrode slurry manufacturing process is important to produce high-performance and high-
quality electrodes. We have developed a continuous slurry manufacturing process using a high-
speed thin-film mixer. The viscosity of the cathode slurries prepared by a conventional batch-
type mixer and the high-speed mixer are showed in Table. The slurry viscosity is affected by
mixing equipment and manufacturing process even if the slurry combination is the same. In
this presentation, I would like to report on verification of the slurry properties and
dispersibilities of the prepared slurries through preparing electrode slurries under several
mixing conditions using the high-speed mixer.

Keywords : Lithium-ion battery, Dispersion; Electrode Slurry; High-speed Mixer
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Table Electrode slurries prepared under various
disversion conditions

Dispersion condition

0) éj\j%& E:F /ﬁﬂjﬂ;‘{ﬁ = Bg ’9‘« 5 *93 ETJ‘ % Mpser Solid content Time o 1\'[[::::]2 T S““ﬁgﬁg’si‘y
V— PN NN - % Mixing Speed i
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e _ Er:‘» Batch Mixer 85 60 rpm 5 69 9453
FH_P« %)EH v \"Cﬁi/z ®7K#H‘— Fﬁ 85 60 pm 20 86 6200
AT —ZFE FDOAT ) — 63 25m/s 0.5 55 9000

S = High-speed ;
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1) &8k AL, &%, i, %, 5 62 RIFEMG w2 54, 3B21(2021)
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Particle Design for Copper-based Paste in Electronic Component and Electrodes : Low-
Temperature Sintering and Oxidation Resistance (Department of Chemistry and Materials
Engineering, Faculty of Chemistry, Materials, and Bioengineering, Kansai University)
Hideya Kawasaki

Copper (Cu) has been utilized as metal for fabricating metal-based inks/pastes for
printed/flexible electronics. However, the disadvantages of Cu-based inks/pastes are their
instability against oxidation under ambient conditions and the tendency to form insulating
layers of Cu oxide. In this presentation, we summarize the surface and interface designs for
Cu-based conductive inks/pastes, in which the strategies for the oxidation resistance of Cu and
low-temperature sintering are applied to produce highly conductive Cu patterns/electrodes on
flexible substrates.

Keywords : Copper-based inks/pastes, Oxidation resistance, Low-temperature sintering
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[1]Hokita et al. ACS Appl. Mater. Interfaces 7, 19382 (2015);[2] Akiyama et al. Adv. Eng.
Mater. 19, 170025(2017);[3] Kanzaki et al. ACS Appl. Mater. Interfaces 9, 20852
(2017);[4] Tomotoshi et al. Nanomaterials 10, 1689 (2020);[5] Tomotoshi et al. ACS Appl.
Mater. Interfaces 13, 20906(2021)
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