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1.
3 BB SRUR L R A5

S Z A T DO AKET I TAT — DG A KOV RR R
RBREEFLAAIZERT I 58
Crystal Structure Analysis of GraE from Root-Nodule-Forming Bacterium
Kansai University Tadao Oikawa
F M AR ISOL AR OB %S
HE=EMRIEAT RV Pk
TV VAN GAZ LD @SB TNSA A A NdAAS FZ5E
JEPEFERIRR RS el B
Verification of radiochemical reactions with ultra-high dose rate electrons
National Institutes for Quantum Science and Technology Satoshi Kodaira

Design and Tailoring Advanced Functional Materials: Symmetry Operation and
High Pressure Synthesis

National Taiwan University Wei-Tin Chen

Carboboration and Carbosilylation by Merging Iron and Visible-Light
Photocatalysis
Visva-Bharati University Alakananda Hajra
Computational mechanistic study on the Co-catalyzed nitrogenase model reactions
University of Colombo W. M. C. Sameera

Development and device evaluation of new D-n-A emitters based on rigidified
triarylborone acceptors

Julius-Maximilians-Universitidt Wiirzburg Todd B. Marder

High pressure synthesis of novel hexagonal perovskite oxides containing unusually
high-valence Fe ions and investigation of their magnetic properties

Chinese Academy of Sciences Zhenhong Tan

Preparation and Characterization of Novel Magnetic Quadruple Perovskites by
High Pressure

CNRS Midori Estefani Amano Patino
High-pressure synthesis and ionic conducting study of novel Na-antiperovskites
containing hydride and cluster anions as solid electrolytes in batteries
Chinese Academy of Science Koedtruad Anucha
Small molecule activation using anionic crypto-FLPs
University of Bonn Rainer Streubel
Development of Unsymmetrical -Electron Systems of Heavier Main Group
Elements and Elucidation of Their Property

Tohoku University Takeaki Iwamoto
Development of 1,4-Addition Reactions via Iron Catalysis
Indian Institute of Engineering Science and Technology, Shibpur Laksmikanta Adak
Peptide Bolaamphiphile Anchored Nickel-based Metallohydrogel as
Electrocatalyst for Hydrogen Production

Indian Institute of Technology Indore Apurba K. Das
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2022-17 Synthesis of Fe-containing Phosphorus Ligands and Their Application in the
Preparation of Metal-Cluster Molecules
Tokushima University Masamichi Ogasawara
2022-18 A ORAMEERYEEMOE MK, £EBRAN O ONHERER
BRI R AR
2022-19  MR-TADF FENAP8EE o @ 23 B A A HEL 327 DBR %
SRS NE SN I
2022-20 Synthesis and its catalysis of dinuclear complexes utilizing a pincer-type
N,N,P ligand
Yokohama National University Yoshitaka Yamaguchi
2022-21 Synthesis of Alkyl Ethers Using Two Different Alcohols Catalyzed by
Organosilane Compound
Sanyo-Onoda City University Toru Hashimoto
2022-22 Development of heteroacenes with excellent photophysical and electrochemical
properties
Okayama University Koichi Mitsudo
2022-23 Creation of Effective Oxidation Scavenger for Efficient Perovskite-based Solar
Cells
University of Tsukuba Takahiro Sasamori
INATEREST B
2022-243%  Developing machine learning approaches for prediction of protein stability
changes upon missense mutations
Monash University Jiangning Song
2022-253%  Integrating omics data and module-based network with deep learning to develop
cancer type predictive models
National Yang Ming Chiao Tung University Jinn-Moon Yang
2022-263%  Evolution of giant viruses and relationships with the origin of Life
CEA/Genoscope Morgan Gaia
2022-27%  Revealing marine microbial-viral interactions through community interactome
analyses
CNRS Samuel Chaffron
2022-28% A Study on Statistical Machine Learning for Efficient Graph Structured Data
Analysis
Nagoya Institute of Technology Masayuki Karasuyama
2022-29  AIVAT —F LR AIEMEATIZ IS < i s A L O B i A
HFOHRT A RE
2022-30 Control and Analysis of Complex Networks via Probabilistic Minimum
Dominating Sets
Toho University Jose Nacher
2022-31 Development of a comprehensive detection method for coronaviruses originated
in wildlife
Osaka University Tokiko Watanabe
2022-32 Microbial ecology in the dark sea
Kyoto University Takashi Yoshida
2022-33 R TR NI — VRN ITIED R IR EE S R~ DIEH]
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2022-50%

2022-51%

K [EBRILRIA]

Investigations into Catalytic and Biochemical Behaviors of Nitrogenase Fe
protein using *’Fe labeling
University of California, Irvine Markus W. Ribbe
Precise synthesis and controlling higher order structure of tadpole-like Janus
cellulose nanocrystal
Nanyang Technological University Atsushi Goto
Exploration of perovskite solar cell composition: correlating device performance
and fundamental property
Osaka University Akinori Saeki
Precise synthesis and viscoelastic properties of ring polymers with high purity
and high molecular weight
Nagoya University Atsushi Takano
Exploration of Cycloaddition Properties of Guanidine Functionalized Isatins
Rudjer Boskovic Institute Davor Margetic
Synthesis of Novel Nanotube Molecules with Different Hole Directions by
Introducing a Double Heptalene Structure
Inner Mongolia University Chaolumen
B EREFRLFAET NV ORIREM B B~ D]
A HRCCER R K BER
Dinitrogen Fixation based on nickel—Z-type (c-Electron Acceptor) Ligand
Interaction
Osaka Metropolitan University Hajime Kameo
XTIV DOREE &5y 1Rk & O AH B
RIRTIHERT: VI R
Tu—GiEE OB ReEE =L T VIR G A
JbHmE R KA 3R
BRIRAFY-2,7-TUo N mF =L VBB R LB NNT T 2= L DR A
=T ZAMEFCES<EAR L
R RS /B
TS AR v 50 D VR A E P DR B L A b
FRAERE HiE#
Synthesis of Highly Strained Macrocyclic t-Conjugated Molecules via a
Multinuclear Au(I)-Pt(II) complex
Tokyo University of Science Yoshitaka Tsuchido
AHE BRI LT 7 XL 3BIRD A Rl H]
ARALRESFEM A BR AR
Development of Organometallic n-Type Materials with High Electrical
Conductivity
Osaka Institute of Technology Michihisa Murata
AR AN 22 TEAR S O B eSS L O MR S 0 0T A B R H R E ORI
RAERY REF

Non-linear viscoelasticity of unentangled polymers
Universita degli Studi di Napoli “Federico II”  Giovanni lanniruberto

Nonlinear Extensional Rheology of Entangled Poly(n-alkyl methacrylate)
Melts with Fixed Number of Entanglements and Kuhn Segments per Chain
Chinese Academy of Sciences Shilong Wu
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2022-523%

2022-53 %

2022-54 %

2022-55%

2022-56

2022-57

2022-58

2022-59

2022-60

2022-61

2022-62

2022-63

Trace metal elemental and isotopic composition in the North Pacific Ocean:
sources and internal cycling (3)
Academia Sinica Tung-Yuan Ho
Resolving the structure-dynamics-property relationship in polymer
nanocomposites under uniaxial stretching-1I
Stony Brook University Tadanori Koga
High Frequency Response of Polymeric Liquids: Rheology and Dielectric
Relaxation
Yamagata University Sathish K. Sukumaran
Control of Mechanical Properties in Polymer Blend Materials by Hydrogen
Bonding Interaction
Osaka University Osamu Urakawa
Analyzing Structural Fluctuation in Thermally Activated Delayed Fluorescence
Materials with Ultralow-Frequency Raman Spectroscopy
Osaka University Hikaru Sotome
Effect of microplastics on distribution of trace heavy metals in sea water
Kindai University Yuzuru Nakaguchi
Exploration of liquid membrane transportation of metal ions with a polymer
membrane containing ionic liquid by use of electric field response of ions
Kyoto University of Education Hiroshi Mukai
i 3578~ — M BN I 1T 57 /M AN — R A
BT AR R S BRI AL
Conformation analysis on polymer in food-grade oil
Okayama University of Science Noboru Osaka
TIRR= I G T SR RET T DT O PR R EH O EE
El 73T 7N S U I
FHINAT VYRR 7 o ALY RRE 5 FIE ORI - W O fg i
FERS R I IEs
Identification of active gibberellins in the basal land plant Marchantia polymorpha
Kyoto University Takayuki Kohchi
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2022-643%
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2022-66%

2022-67%

2022-68%

2022-69

2022-70
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Characteristics of quantum magnon in magnetic insulators
Korea Advanced Institute of Science and Technology Kab-Jin Kim
Observation of orbital Hall effect in transition metal dichalcogenides
University of Ulsan Sanghoon Kim

Investigation on high efficient spin-orbit torque effect in multilayers with
combine anisotropy and DMI

Far Eastern Federal University Alexey Ognev
Research on the efficiency enhancement of the NV centers creation in
nanodiamond
ETH Ziirich Takuya F. Segawa
Research toward stable NV centers at shallow region and spin dynamics in diamond
Helmholtz-Zentrum Dresden-Rossendorf Gopalakrishnan Balasubramanian
Demonstration of topological phase control in chalcogenide superlattices
AIST Misako Morota
N LR RIEMEAR D~ 27 ) e AN Tz - 15 i B 38 1 0 AR BT BH 6
RS Al Rk
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2022-71 FAY BN EFIE WA OO OREIRENIE
EPURT: THEE HER
2022-72 B ROV OEBEICATT) N =T A YRR G R &R
PEFELANEHITERT A R
AR RS R ZE
2022-73%  Self-Assembling Adjuvant-Built-In Vaccines for Cancer Immune Therapy
Tsinghua University Yan-Mei Li
2022-743%  Evaluation of CaCOj; dissolution rates in deep-sea sediments by a novel tracer
method
Xiamen University Pinghe Cai
2022-75%  Advanced Oxygen — mediated Flow Chemistry
Cardiff University Thomas Wirth
2022-76%  Novel strategy for intracellular delivery of nanomedicines
Institute for Advanced Chemistry of Catalonia Silvia PUJALS
2022-77%  Structural and functional analysis of curvature-inducing peptides and application
Karlsruhe Institute of Technology Anne S. Ulrich
2022-78%  In-depth analysis of efficiency roll-off in highly efficient TADF-based organic
electroluminescence devices
The University of Queensland Ebinazar B. Namdas
2022-793%  Intracellular delivery of biofunctional proteins using artificial protein nanocages
Jagiellonian University Yusuke Azuma
2022-80 Real-Time Visualization of Cellular Phase-Separating Proteins
Osaka University Kazuya Kikuchi
2022-81 AN FALE I LML IR B E
FOCERERS: PE)I oot
2022-82  AFEG A A FHE FHREALFOWBRIC L D2 LN — T 7 T X —
51 R DOREEE
HULAATZERT  ARAT BT
2022-83  WUBUBLVEAT TAESE A LI e iR o R
PN T/ARVIPNE S 5 3 S
2022-84 TR OREBEIEIZ BT D5 FZE OfFY
NSRS KA AT
2022-85 TV —LOMAN~DXERF
REANLRY: il A=
2022-86 AL INMEDOEERIHINE~DBAT A =X LOfEH
—ERY LA BET
2022-87%  Role of PIP5K Genes in Pollen Tube Development
Peking University QU, Li-Jia
2022-883%  Construction of heterologous protein secretion system at low temperatures by
using cold-adapted microorganisms
Southwest University Xianzhu Dai
2022-893%  Structural and functional analysis of the surface polysaccharides of outer
membrane vesicles released by bacteria
University of Naples Federico II Maria Michela Corsaro
2022-903%  Molecular mechanisms for the inactivation of a growth hormone in rice

e [EI R FIA

Chinese Academy of Sciences  Zuhua He
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2022-91 %

2022-92 %

2022-93 %

2022-94 %

2022-95 %

2022-96 <

2022-97 %

2022-98 %

2022-99 %

2022-1003%

2022-1013%

2022-102 %

2022-103

2022-104

2022-105

2022-106

2022-107

2022-108
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Analysis of novel transporters for strigolactones or their biosynthetic
intermediates
University of California San Diego Yunde Zhao
Phase separation in mixture of nematic liquid crystal and solvent
Japan Women’s University Ryoko Shimada
Chromatin, epigenetic and proteolytic regulation of RNA processing in plant
morphogenesis
National Center of Biotechnology RUBIO, Vicente
Site-Selective Protein Acetylation and Phosphorylation by Small Molecules
Fudan University Lu Zhou
Developments of highly efficient and high color purity organic
electroluminescent devices based on thermally activated delayed fluorescent
materials exhibiting ultrafast reverse intersystem crossing process
Tsinghua University ~Lian Duan
Fabrication of nanotopographical polymer surfaces for bactericidal properties-IV
Stony Brook University Maya Endoh
Verification and Development of Dynamic Stiction Theory
Yokohama National University Ken Nakano
Synthesis of Polyether Nanocomposite Solid Polymer Electrolytes for Lithium
Ion Batteries
Michigan State University Robert C. Ferrier, Jr.

Development and characterization of metal oxide nanocrystalline films for solar
water splitting
RMIT University Yasuhiro Tachibana
Interdisciplinary Approach to Nanostructured Materials for Applications
Université de Strasbourg Jean-Pierre Bucher
Search for four-wave-mixing in the vacuum - Unveiling dark components in the
Universe -
Hiroshima University Kensuke Homma
Tin-perovskite thin film crystallization on new hole-transporting materials
Helmholtz-Zentrum Berlin Antonio Abate
Biochemical characterization of aldehyde dehydrogenases involved in the
biosynthesis of plant volatile benzenoids
Yamaguchi University Takao Koeduka
Regulatory Role of Phytohormone Cytokinin on Leaf Epidermal Cell
Differentiation
Nara Institute of Science and Technology Shiori Aki
Electronic and spintronic properties of multilayer system including NiCo,0O,4 and
Fe;04
Hokkaido University Taro Nagahama
T IV NA IR AT 7277 e A RO e 8 b A oD i fe i A1
BRRY @df sk
BN R %5 R L T B MEA L PR A A O o R D ST
FARERY: A
Analysis of the physiological functions of extracellular vesicles produced by
intestinal bacteria and their application
Kindai University Atsushi Kurata
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2022-109

2022-110

2022-111

2022-112

2022-113

2022-114

2022-115

2022-116

2022-117

2022-118

2022-119

2022-120

2022-121

2022-122

2022-123

- A

Analysis of membrane lipid-dependent fermentation stress response in acetic
acid bacteria
Ritsumeikan Universiy Yosuke Toyotake
R 7 AD MR
SLRTRS: 2R
BRI 7w b AR A 2R U7 & @ e b oo s MR R
W MR TEREAE R AR
BB U EDHHL T A AT AT D TR
TR — I AR FEREA AR
FUETEPEA AR U7 2 R AR 1 LD e oo e
RERASIRFTHEEEHM P A6
ERFTERA AR E D@0+ 7 TV AN O K ORISR

i TREA 3k
3D TV B FWZE IV ADS IR T 1 i
ST R MR &

HE 7 DA BT D E RIS R Ot
FHIHERY EBREE
HFEFEJE R IS BER 7 T A2 — A B LTz o RkRe it oo )l
FORHRNL RS IS 3]
B BMEEN TO R — =K ICE 1Ry MK 0O 8 ik Fr itk LA 1S AR R
5 O [R] B
AHBTERY: KES
FHEFTREE IR - RE AT~ ZAD Je i LA A B~ D 0 SR AV WAL D BRSE
RERSERRY S B E
Functional analysis of non-canonical strigolactones as plant hormones and
root-derived signals
Meiji University Yoshiya Seto
Preparation of multi-stimuli-responsive polymer via controlled radical
polymerization

University of Hyogo Shinichi Yusa
FAJECNT #—7 y hD &R L —F— RN LD m T AR5
HHPRE: A FEKER
EIREL — P — R E B O B ERIC Lo/ = F— B E T T~
DR PrRFFIZBI 95 BRI IE
FHRT: AR &
AUIL[FE AT

2022-124% Determine the three-dimensional structure of 13C labeled a-synuclein(61-95)

in the Langmuir-Blodgett film and supported phospholipid bilayer by MAIRS2
Middle Tennessee State University Chengshan Wang

2022-125% The 16th International Workshop for East Asian Young Rheologists

fiti % - B A

Osaka University Tadashi Inoue
AL RINFSE

2022-126% Tackling the Electronic Instability of Charge-Density Waves by Electron

Energy-Loss Spectroscopy
National Taiwan University Ming-Wen Chu
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2022-127%

2022-128 %

2022-1293%

2022-1303%

2022-131

2022-132

2022-133

2022-134

2022-135

2022-136

e [EI BRI FIA

Micro- and Nano-structural Characterization by Advanced Transmission
Electron Microscopy of Novel Functional Materials
Chiang Mai University Torranin CHAIRUANGSRI
High-pressure synthesis of transition metal oxides with novel physical properties
University of Edinburgh Kunlang Ji
Synthesis and Characterization of Novel Group 16 Element Compounds
Rikkyo University Mao Minoura
Analyzing chemical properties and origins of dissolved organic matter in lakes
and soils by FT-ICR-MS
Kobe University Morimaru Kida
Preparation of high-efficiency spin-injection materials using optimization of
magnetism and crystal structure
Nagoya Institute of Technology Masaaki Tanaka
Development of a highly efficient CsPbBr3 scintillator
Kyushu University Hikaru Saito
A 77 A~ ST A B D 7K 35« <UD LB 0 5k I E
BARREE  BHAOLE
Synthesis and Structural Characterization of Lewis Base Adducts of Tetrylenes
Kindai University Tsukasa Matsuo
Synthesis and structures of cationic aromatics bearing chalconenopyrylium units
Fukuoka University Noriyoshi Nagahora
Theoretical design of low-dimensional silicon material embedded in a flat
two-dimensional sheet and exploration for operating principles
Tohoku University Masae Takahashi
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2. ERFR. DURIIL - IEBER

Efr=E
* 24th International Colloquium on Magnetic Films and Surfaces (ICMFS2022) 139
SRV IR
L TRRME SR — 41
- % 6 [A] MAIRS V—2 > ay 143
3. MEERMX 145

1)*
2)*

3)

4)

S)

6)

7)

8)

9)

10)

11)

12)

13)

14)

(SMSE3 AFTICHAITEIN/X T, FH 2SI EEORREREECHBEIATLVENED)
BMEOEMEIZLY ., *ER/FLBIOAZDONT, BIRIY ZRBESICEEHT 5.
Nitrogen reduction by the Fe sites of synthetic [Mo3SsFe] cubes, Nature, 607, 86-90 (2022).

Field-free superconducting diode effect in noncentrosymmetric superconductor/ferromagnet
multilayers, Nat. Nanotechnol., 17, 823—828 (2022).

Synthesis of perfluoroalkylene-vinylene-arylene copolymers via the Mizoroki-Heck co-
polymerization of 1,4-divinylperfluorobutane and 1,6-divinylperfluorohexane with dihalogenated
arylene monomers, J. Fluor. Chem., 261-262, 110033 (2022).

Boron complexes of n-extended nitroxide ligands exhibiting three-state redox processes and near-
infrared-1I (NIR-II) absorption properties, Dalton Trans., 51, 13675-13680 (2022).

Synthesis and characterization of a polystyrene-type polymer bearing a cyclic perfluoroalkylene
group, Polymer, 265, 125588 (2023).

Utilization of sym-tetrazines as guanidine delivery cycloaddition reagents. An experimental and
computational study, J. Mol. Struct., 1272, 134207 (2023).

Consecutive Utilization of Mechanochemical and Microwave Methods for the Synthesis of Boc-
2-amino-quinazolin-4(3H)-ones and DFT Study of Mechanism 6n-Diazaelectrocyclization
Process, ChemistrySelect, 7, €202200633 (2022).

Formation and Stability of Cs2SnBr6 Perovskite Nanocrystals from CsSn2Br5 Nanocubes, J.
Photopolym. Sci. Technol., 35, 199-204 (2022).

Hot hole transfer at the plasmonic semiconductor/semiconductor interface, Nanoscale, 15, 657-
666 (2023).

Determine both the conformation and orientation of a specific residue in a-synuclein(61-95) even
in monolayer by 13C isotopic label and p-polarized multiple-angle incidence resolution
spectrometry (pMAIRS), Anal. Sci., 935-940 (2022).

Optimized carrier extraction at interfaces for 23.6% efficient tin—lead perovskite solar cells,
Energy Environ. Sci., 15, 2096-2107 (2022).

Molecular Engineering of Enamine-Based Hole-Transporting Materials for High-Performing
Perovskite Solar Cells: Influence of the Central Heteroatom, Sol. RRL, 6, 2200590 (2022).

Synergistic Surface Modification of Tin—Lead Perovskite Solar Cells, Adv. Mater., 35, 2208320
(2023).

A Universal Surface Treatment for p-i-n Perovskite Solar Cells, ACS Appl. Mater. Interfaces, 14,
5629056297 (2022).
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15) Composition—Property Mapping in Bromide-Containing Tin Perovskite Using High-Purity
Starting Materials, ACS Appl. Energy Mater., 5, 14789—14798 (2022).

16) Topotactic Oxygen Release and Incorporation in AFeOs with Fe*+, AFeO,s with Fe’+, and
AFeO, with Fe’+ (A = Ca and Sr): Dedicated to the Occasion of the 100th Birthday of Prof. John
B. Goodenough, ECS J. Solid State Sci. Technol., 11, 043004 (2022).

17) High-Pressure Synthesized Perovskite CdMnO3 with C-Type Antiferromagnetic Spin
Configuration, /norg. Chem., 61,21011-21015 (2022).

18) Orientation-dependent electrochemical reduction and proton evolution in the oxygen-deficient
perovskite StFeOy s+, Appl. Phys. Express, 16, 015506 (2023).

19) Film growth mechanism of mist-chemical-vapor-deposited magnetite, Jpn. J. Appl. Phys., 61,
065505 (2022).

20) Charge Transfer between Fe and Ti Induced by Ln Substitution and Temperature in the B-Site-
Disordered Perovskites Ln,(FeTi)Og (Ln = La, Pr, and Nd), Bull. Chem. Soc. Jpn., 95, 1011-1015
(2022).

21) LiNbOs-Type Polar Antiferromagnet InVOs Synthesized under High-Pressure Conditions,
Angew. Chem. Int. Ed., 61, 202203669 (2022).

22) Orthogonal antiferromagnetism to canted ferromagnetism in CaCos;Ti4O012 quadruple perovskite
driven by underlying kagome lattices, Communications Materials, 3, 51 (2022).

23) A New Cation-Ordered Structure Type with Multiple Thermal Redistributions in Co,InSbOe,
Angew. Chem. Int. Ed., 61, 202203062 (2022).

24) Incorporation of an Asymmetric Mo-Fe-S Cluster as an Artificial Cofactor into Nitrogenase,
Chembiochem, 23, €202200384 (2022).

25) Transition metal catalyzed cross-coupling and nitrogen reduction reactions: Lessons from
computational studies, Adv. Organomet. Chem., 78, 35—78 (2022).

26) Activation of unsaturated small molecules by bio-relevant multinuclear metal-sulfur clusters,
Coord Chem Rev, 475, 214838 (2023).

27) Diastereo- and Enantioselective Metathesis Dimerization/Kinetic Resolution of Racemic Planar-
Chiral Vinylferrocenes, Org. Lett., 24, 7355-7360 (2022).

28) n-type diamond synthesized with fert-butylphosphine for long spin coherence times of perfectly
aligned NV centers, J. Appl. Phys., 132, 174504 (2022).

29) Low-Frequency Quantum Sensing, Phys. Rev. Appl., 18, 034058 (2022).
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Crystal Structure Analysis of GraE from Root-Nodule-Forming Bacterium

Tadao Oikawa Kansai University

Rhizobium is a genus of tubercle-forming bacteria. It grows in symbiosis with the root of a
plant to fix nitrogen from the air. During a screening experiment, Rhizobium sp. strain MTP-
10005 was isolated from natural river water. Enzymological and genetic studies showed that the
translational products of the gene cluster graRDAFCBEK in the bacterium (GraR, GraD, GraA,
GraF, GraC, GraB, GraE, and GraK, respectively) were probably involved in the degradation
pathway of y-resorcylate. To reveal the structure and function of all these proteins, I have
collaborated with Dr. Tomomi Fujii and Prof. Emeritus Dr. Yasuo Hata, Institute for Chemical
Research, Kyoto University, and have performed already X-ray structural studies of GraA, GraC,
and GraD. In this study, we focused on GraE, whose function and role in the degradation pathway
of y-resorcylate are currently unknown. The protein consists of 112 amino acid residues. The X-
ray crystal structure of GraE is expected to reveal its function and role in vivo.

N-terminal His-tagged GraE was overexpressed in Escherichia coli BL21 (DE3), purified, and
used for crystallization. Thin plate-shaped crystals were obtained using a crystallization solution
consisting of 1.17 M NaH2PO4 - KoHPO4, pH 8.4. Diffraction experiments were performed on
beamline BL-17A, Photon Factory, KEK, Japan. The crystal was mounted with a cryoloop and
cooled with a cold stream of nitrogen. Diffraction data were collected up to 2.2 A resolution. The
crystal belonged to space group P21212, with unit-cell parameters of a = 89.84 A, b=165.31 A,
and ¢ = 45.20 A. The structure was determined using the molecular replacement method with
the structural model determined in the P2, crystal. The solution model was subjected to iterative
model-building and refinement. The structure was refined to an R-factor and Rfree of 20.5 and
27.6%, respectively.

In the present crystal, three homodimer GraE molecules exist in an asymmetric unit. The
subunit structure consists of three a-helices and five B-strands, and it roughly resembles a
bacterial-type ferredoxin fold. The dimer interface is formed by packing the four-stranded f-
sheets from the two subunits against each other. The putative active site is located in a cleft made
of an a-helix al and two B-strands 2 and B3 from one subunit and C-terminal loop from the
other subunit. In a dimer molecule, the phosphate ion in the putative active site binds to the side
chains of arginine, histidine, and tyrosine residues. The arginine and histidine residues are
conserved among related proteins and may be involved in substrate binding or catalysis.
Additionally, the side chains of glutamic acid and aspartic acid residues presented on the
molecular surface of an adjacent molecule, form hydrophilic interactions with the entrance of

the active site of another dimer molecule.
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Verification of radiochemical reactions with ultra-high dose rate electrons

Satoshi Kodaira National Institutes for Quantum Science and Technology

The radiotherapy for cancer that is performed at an ultra-high dose rate (>40 Gy/s) has attracted great interest
because the tumor cell-killing effect is maintained while the damage to surrounding normal tissues is
minimized. This sparing effect is related to the yields of water radiolysis products, which contributes to the
indirect action toward DNA strand breaks. In this study, we verify the radiation chemical yields of products in
water by irradiation of ultra-high dose rate electrons.

20 MeV electron beam irradiation was performed in ambient air condition at electron linac, KEL of ICR. The
mean dose rates were 0.08 and 0.3 Gy/s, which correspond to the pulsed dose rates of 2.7 and 10 kGy/s,
respectively. Aqueous solutions containing 2.5 mM sodium nitrate (NaNOs3) were prepared to measure yields
of hydrogen peroxide. Ultra-pure water was also irradiated to compare yields with/without sodium nitrate.
After the irradiation, we analyzed the yields of hydrogen peroxide produced using an electro-chemical detector
(ED743) connected to HPLC system (Shimadzu, Japan).

Figure shows yields of hydrogen peroxide produced in a 2.5 mM sodium nitrate solution (solid symbols) and
ultra-pure water (open symbols) at low and high dose rates as a function of the absorbed dose. In NaOH3
solution, the slope at high dose rate is steeper than that at low dose rate. This result implies that reactions
between OH radicals more efficiently occur in high dose rate region, resulting in high yields of hydrogen
peroxide. The G values of hydrogen peroxide in NaOH3 solution were 0.99 sp/100 eV and 0.78 sp/100 eV at
high and low dose rates, respectively. The value at low dose rate was in agreement with the previous study of
gamma rays (0.7 sp/100 eV) at similar low dose rate of 5.6 Gy/min (~0.09 Gy/s). A similar trend that the slope
of hydrogen peroxide generated becomes steep with increase of the dose rate was observed in ultra-pure water.
The G values of hydrogen peroxide in ultra-pure water were 0.63 sp/100 eV and 0.36 sp/100 eV at high and
low dose rates, respectively, which were much lower than that in NaOH3s solutions at the same dose rate in
each. The sodium nitrate works as a scavenger of hydrated electrons, which disassemble hydrogen peroxide,
thereby the hydrogen peroxide produced was maintained by suppressing roles of hydrated electrons. To explain
the roles played by hydrated electrons in a wide scavenging time scale, we will address the hydrogen peroxide

measurements by varying the concentration of sodium nitrate.
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Figure. Dose dependencies of yields of hydrogen peroxide produced in a 2.5 mM sodium nitrate solution (open
symbols) and ultra-pure water (closed symbols) at two dose rates of 0.08 Gy/s (low) and 0.3 Gy/s (high).
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Design and Tailoring Advanced Functional Materials: Symmetry
Operation and High Pressure Synthesis

Wei-Tin Chen National Taiwan University

[Introduction] The exploration of fascinating functionalities and phenomena of novel
materials is essential in modern condensed matter sciences which is motivated much by
the succession needs of novel technology applications. With various advanced sample
preparation approaches, high pressure synthesis techniques are one of most important
methods in preparation of such novel functional materials. It is aimed to design and
realize metastable oxide materials with exotic phase transitions contributed from the
lattice/charge/orbital/spin degree of freedom. The joint collaborative research has been
carried out with Advanced Solid State Chemistry Laboratory (Prof. Shimakawa) utilizing
extreme pressure and temperature synthesis conditions, and high resolution synchrotron
x-ray diffraction (SXRD) at Taiwan Photon Source (TPS) for structure analysis.

[Results and discussion] The joint research remains difficult with the situation of
pandemic in year 2022. Nevertheless, the idea exchange and online discussion were
carried out, and high pressure experiment and diffraction data collection were conducted
at ICR and TPS, respectively. For instance, an unreported A>"Mn*'O3 perovskite member
CdMnOs were realized with high pressure synthesis condition. The SXRD experiment
reveals that the compound crystallized in distorted perovskite structure, and magnetic
susceptibility shows an antiferromagnetic behavior, in which First-principles calculation
indicates a C-type magnetic structure. [1] The followed up investigation of previously
reported on PrFeo.sCro.s03 system [2] are continued. A series of praseodymium-containing
perovskites were synthesized, and the evolution of crystal and magnetic structures were
carefully examined. From neutron diffraction results, it is shown that with increasing Mn

doping into PrCrOs parent compound, the
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Carboboration and Carbosilylation by Merging Iron and
Visible-Light Photocatalysis

Alakananda Hajra Visva-Bharati University

ICR partner researcher’s name: Prof. Masaharu NAKAMURA
Objective: Development of carboboration and carbosilylation reactions using earth-abundant

non-toxic Fe-catalysis under visible light photo-catalysis at room temperature

Visible-light photocatalysis has become an impressive tool in organic synthesis. In this
realm, the merger of transition metal catalysis and visible light photoredox catalysis offers an
exciting opportunity to perform the organic transformations in mild conditions. Organosilicon
compounds are one of the vital synthetic building blocks in the field of organic chemistry and they
have widespread applications in material science, polymer science and agrochemistry. Notably, the
silicon analogues of biologically active molecules and organosilicon compounds exhibit exceptional
physicochemical properties, allowing them to be extensively used in medicinal chemistry. Presently
we are studying a three-component carbosilylation of alkenes with imidazoheterocycles and silanes

by merging visible light photocatalysis and iron(Il) catalysis .
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Presently we are focusing on the precise role of FeCl; and visible light, and late stage modification
of the compound.

A review has been published. This work was also supported by the International Collaborative
Research Program of Institute for Chemical Research, Kyoto University (grant # 2022-7).

Title: Recent Advances in Carbosilylation of Alkenes and Alkynes

Authors: Prajna Paramita Pal, Sumit Ghosh, and Dr. Alakananda Hajra*

Org. Biomol. Chem., 2023, Accepted Manuscript
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Computational mechanistic study on the Co-catalyzed nitrogenase
model reactions

W. M. C. Sameera University of Colombo

Transition metal clusters can be used as catalysts to perform chemically or
biologically relevant reactions.!* Relationships between the electronic structure and
reactivity can be established by employing density functional theory (DFT). We have
developed [Mo3SaM]-type clusters (M = Fe, Co, Ni), consisting of bulky
cyclopentadienyl ligands (Cp*t, CsMesSiEts). CO can be coordinated to [Mo03SsM]
cubes. According to experimental data, [Cp*:3sMo3S4M(CO)]" (M = Co, Ni) is stable,
while [Cp*3sMo3S4Fe(CO)]* complex revealed unexpected instability. DFT
calculations analyzed their M-CO interactions.

An energy decomposition analysis (EDA), together with the natural orbitals for
chemical valence (NOCV), was performed to rationalize the M-CO interactions. The
interaction energy between M and CO follows the order of Fe-CO (-101.1 kcal/mol)
> Co-CO (-81.5 kcal/mol) > Ni-CO (-77.3 kcal/mol). In all three cases, orbital

ot Cpit —‘ + Interactions become
_S Na(BArF,) _S d 1 t d t
M ominant compare 0
o N under CO (1 atm) N P
sMo \37""*0' T Toluene N 9/37”'_0:0 electrostatic,  dispersion,
Mo-g Moss . .
/ and solvent interactions.
cp*t CpXt

According to EDA-NOCY,
© back-donation from Co to ©*(CO) is stronger than o CO to M(d) o donation for all
three systems. These findings give quantitative insights to develop bio-mimetic

catalysts for the direct conversion of CO into hydrocarbons.

Joint Publications of this fiscal year

(1) Y. Ohki, K. Munakata, R. Hara, M. Kachi, K. Uchida, M. Tada, R. E. Cramer, W.
M. C. Sameera, T. Takayama, Y. Sakai, S. Kuriyama, Y. Nishibayashi, K. Tanifuji,
Nature, 607, 86-90 (2022).

(2) W. M. C. Sameera, Y. Takeda, Y. Ohki, Adv. Organomet. Chem., 78, 35-78 (2022).
(3) K. Tanifuji, Y. Sakai, Y. Matsuoka, M. Tada, W. M. C. Sameera, Y. Ohki, Bull.
Chem. Soc. Jpn., 95, 1190-1195 (2022).
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Development and device evaluation of new D-n-A emitters based on
rigidified triarylborone acceptors

T. B. Marder Julius-Maximilians-Universitit Wiirzburg

Thermally activated delayed fluorescence (TADF) emitters are a promising avenue for the
development of organic light-emitting diodes (OLEDs) for flat displays and solid-state lighting
applications, as they show improved efficiency. Planar 3-coordinate boron can be used as an
acceptor moiety due to the vacant p, orbital. Triarylboranes have been employed for a number of
applications such as linear and nonlinear optics, sensors, and OLEDs. One of the most successful
examples of the use of triarylboron acceptors is their application to TADF emitters. We have
recently reported methodologies to enhance the accepting properties as well as the stability of
boron by the introduction of ortho-trifluoromethylaryl moieties. We computationally designed a
series of D-n-A TADF emitters with fluorinated triarylboron acceptors. We synthesized sufficient
quantities of 3 blue to red emitters with relatively short delayed fluorescence lifetimes, implying
efficient reverse intersystem crossing (RISC) from the triplet to singlet excited states (A. K.
Narsaria et al., Adv. Funct. Mater. 2020, 30, 2002064). These studies demonstrate the effectiveness
of our design strategy for triarylboron-based TADF emitters based on accurate theoretical
descriptions of the local and charge-transfer states. The Kaji group has been constructing OLED
devices by both wet and vacuum processes from these compounds and examining their properties.
A PLQY of 70% and an EQE of 10% have already been achieved for one of the compounds. They
are continuing to attempt to improve device performance for the other compounds. In addition, the
Kaji group has carried out computational work to design a new family of boron-based TADF
chromophores employing a rigidified triarylboron core. Based on those calculations, my group has
begun to synthesize a series of these new chromophores. We have already been successful in
preparing the desired rigidified diboron-containing core and, using Ir-catalyzed borylation, have
borylated it selectively at the 2 sites required for subsequent cross-coupling with a specific series
of donor moieties. As the chromophore synthesis and purification is completed, we will send each
compound to the Kaji group for incorporation into OLED devices.

This past year, due to COVID-19 related
difficulties, and the inability to travel to
Kyoto, our group and the Kaji group have
independently advanced the project: our

group carrying out the chemical synthesis of
the chromophores and the Kaji group Figure 1. Fabricated OLEDs by the Kaji group
carrying out the photophysical ) ) )

) .. using our designed materials.
measurements, device fabrication and
testing (Figure 1). Very promising results have been obtained from new OLED devices prepared
from our original compounds. We will continue to prepare the new series of chromophores and the
Kaji group will evaluate their device performance in the coming year. We anticipate that a
breakthrough in OLED performance can be achieved by continuing our collaborative work, and

this is highly desired in both the academic and industrial communities.
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High pressure synthesis of novel hexagonal perovskite oxides
containing unusually high valence Fe ions and investigation of their
magnetic properties

Zhenhong Tan Chinese Academy of Sciences

[ Experimental Project] Perovskite oxides ABO; have been widely explored and their
intriguing physical properties have been also investigated since the last century. While the
unusually high-valence Fe ions are of interest due to their specific physical properties such as
charge disproportionation and intersite charge transfer. It is hence challenging and promising
to combine unusually high-valence Fe ions with hexagonal perovskite oxides.

[Objectives] Prepare the hexagonal perovskite oxides BaFe;.,Ge,O3, and BaFe;.,Ga,O3 (x=
0.1-0.9) by using high-pressure and high-temperature technique.

[Experimental Methods] The precursors BaFeO2, and BaGeOs were first calcinated at 1323
K in oxygen atmosphere, by respectively mixing stoichiometric BaCO3 and Fe,O3 for BaFeO,,
and BaCO3 and GeO; for BaGeOs. Then the target compounds were synthesized by mixing
BaFeO, and BaGeOj; according to the substitution index x, and treated at high pressure (3
GPa) and high temperature (1273 K).

[Outcomes and Analysis] As shown in Figure 1, a new phase for the Ge-substituted
compound at x = 0.3 was obtained. Although it contains some impurities, a nearly novel
single-phase compound was successfully synthesized using high pressure technique. A 21R-
type hexagonal crystal structure with space group R-3m can reproduce this newly-obtained
compound. The Rietveld refinement results were shown in Figure 2, and the lattice constants
for BFGO (x = 0.3) were refined to be 2= 5.7084(1) and ¢= 50.1991(1) A.

e e e
—— BaFeO,
.%\ — BaFey;,Ge,;0;5 :@
: LJ :
£ o
-
=, J \—_—_J_.LL.L ::3/
z 2
& ‘2 ‘
8 (5} | L R I A O TR AR NI DR AR I RI U AN O LR ]
’E E [} L B IR UM T (NIRRT L R T LR T
= = PR A lL 3 o
I \ l } =
saaal s by by el aalssay
15 20 25 30 35 40 45 10 20 30 40 50 60 70 80
2theta (deg.) 2theta (deg.)

Figure 1. The XRD patterns of BaFeO3 and Figure 2. The XRD pattern and Rietveld
BFGO (x=0.3) refinement results for BFGO (x = 0.3).
Ry =9.76%, K, = 7.3%.
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Preparation and Characterization of Novel Magnetic Quadruple
Perovskites by High Pressure

Midori E. AMANO PATINO CNRS

Objectives. We set out to investigate the formation
of A-site ordered quadruple perovskite materials with
formula Cad4’3TisO12 (4’ = Mn?*, Fe?*, Co**, Ni**, Cu?")
and to characterize and compare the physical properties
throughout the series. The transition metal cations in these
materials take square-planar coordination geometry at the
A’ sites (Fig. 1). In addition to this coordination being rare,
when only the A’ sites are magnetic, their orthogonal B
arrangement in the quadruple perovskite structure leadsto  Fig. 1 The quadruple perovskite
complex magnetic interactions and exotic magnetic orders ~ structure adopted by Cad’sTiiOr
that are not yet well understood. materials.

Methods. Stabilizing quadruple perovskite structures is often challenging, and their
preparation requires high pressure and temperature. In this collaboration, the high-pressure
apparatuses at the Advanced Solid State Chemistry Laboratory led by Prof. Yuichi Shimakawa
made it possible to investigate the preparation of the target Ca4 3Ti4O12 series. Following our
success in stabilizing the member with 4” = Fe?",[1] we focused on preparing 4= Mn**, Co**
and Ni*". Initial exploration of the phases was carried out using laboratory X-ray diffraction
(D8 Advance, Bruker) and SQUID magnetometry (MPMS-XL and 3, Quantum Design). For
the Mn** and Ni** compositions, further detailed exploration of formation was required (high-
pressure synchrotron X-ray diffraction, BLO4B1, SPring-8). Meanwhile, neutron powder
diffraction (NPD) measurements were performed for our product 4’ = Co** (ECHIDNA, OPAL
reactor, Sydney, Australia).

Results and Discussion. Data collected in situ during the formation of the 4> = Mn**, Ni**
materials (from CaTiOs and 4°TiOs3) at BL0O4B1, using several pressure and temperature
combinations, revealed that the stabilization of the target materials is challenged by competing
phases which are thermodynamically favored (e.g., CaMnTi2O¢ and NiO, respectively).
Therefore, isolation can only be achieved within a very narrow window of P, 7' conditions. The
discussion of these results is being prepared for publication.

For the 4> = Co®" material, NPD confirmed the successful stabilization of the target
structure. Additionally, unusual features detected by SQUID magnetometry led us to explore
NPD under applied magnetic fields. The results reveal that in the absence of an external
magnetic field, the Co?" spins adopt antiferromagnetic ordering at 9.3 K. This magnetic
arrangement consists of three interpenetrating spin sublattices perpendicular to each other.
When a magnetic field is applied, the antiferromagnetic structure transforms into a canted
ferromagnetic arrangement. In comparing this magnetic behavior with the 4’ = Fe** member
and other quadruple perovskite systems previously investigated at Prof. Shimakawa’s
Laboratory, we discovered that underlying Kagome lattices (formed by 2™ 4’ neighbours) in
these systems are crucial in determining the adopted spin structures.[2]

Outcomes. This collaboration has been successful in yielding many important results.
Our investigations on this quadruple perovskite series provides a relevant contribution in
understanding the composition-structure-property relationships in this class of materials. We
have gained valuable insights into the underlying factors that govern these relationships.

Acknowledgements. MAP thanks Prof. Shimakawa’s Laboratory members, and the beam scientists at BL04B1
and ECHIDNA, for their help and fruitful scientific discussion. References. [1] Amano Patino, M. et al. Phys.
Rev. Research, 3(4), 043208 (2021). [2] Amano Patino, M. et al. Commun Mater, 3(1), 51 (2022).
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High-pressure synthesis and ionic conducting study of novel Na-antiperovskites
containing hydride and cluster anions as solid electrolytes in batteries

KOEDTRUAD Anucha CAS

Research background and objectives

All-solid-state Na-ion batteries are considered next-generation energy storage devices. As the key
component in the batteries, solid electrolytes with Na-ion conducting properties have been intensively
investigated. Recently, hydride-based Na-antiperovskites, NasHCh (Ch = S, Se and Te), have been
revealed as potential electrolytes [Nat. Commun. 2021, 12, 201]. Therefore, herein, we aim to explore
new Na-antiperovskites containing hydride and cluster-anions (CA) with general formula (Na).(H)(CA).
Initially, Nas3(H)(SOs) is focused.

Materials Synthesis and Characterization

The materials were prepared via a high pressure high temperature technique using an ELEPHANT
high pressure apparatus in the Advanced Solid State Chemistry laboratory in ICR. Starting materials,
NaH and Na,SO4 were mixed and grinded in a glovebox. The mixture was then loaded into a Pt or Au
capsule (capsule size is about 10 mm diameter and 15 mm height). The capsule was then assembled
before transferring from the glovebox to the high pressure apparatus. The applied pressure was between
60 - 250 ton and the temperature was 350 °C. The obtained materials were then characterized by a
conventional XRD. Its phase was analyzed with rietveld refinement method.

Na,HSO,

Results and discussion

Figure 1 shows XRD patterns of Naz(H)(SO4)
prepared under different pressures. At high pressure
0f 250, 200 and 100 ton, the patterns indicate mixed
phases. With reducing pressure to 60 ton, the target
antiperovskite phase becomes dominant with the
minor NaH and Na,SO4 phases remained.

250ton, 350 °C

200ton, 350 °C

100ton, 350 °C

Normalized intensity (arb. unit)

60ton, 350 °C

@) 0 20 30 gg 50 60 70
= Figure 1. XRD patterns of the Nas(H)(SOs)
2 ¥ Impurity phase prepared at different pressures
;5 . ! ‘ With grinding the sample and repeating the synthesis at
= Ol d e ™7 60 ton and 350 °C for two times, yield of the
% U A _3™*|  antiperovskite phase is enhanced, accompanying with
z Initial reduced impurity phases, as shown in Figure 2a. The

best sample is then chosen for the rietveld refinement for

analyzing structure (Figure 2b). The result indicates
nearly phase-pure antiperovskite structure with a
tetragonal unit cell, space group P4/nmm. The structure
comprises of HNag octahedral networks and SO4 group
in cavity of the network. However, the detailed structure
needs further characterization with high resolution
synchrotron XRD and/or neutron powder diffraction
1 PN e techniques. Conductivity of the compound will be next

‘ ; : e examined with AC impedance spectroscopy.

20 30 40 50 60 70
20

Figure 2. XRD patterns of the sample after grinding and repeating the synthesis
for two times (a) and refinement result and refined structure of the sample (b).
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Small molecule activation using anionic crypto-FLPs

Rainer Streubel University of Bonn

This collaborative research project was carried out with Prof. N. Tokitoh and Prof. Y. Mizuhata
(ICR, University of Kyoto), and 1 PhD student from Bonn was hosted in Japan.

Objectives: The project targeted the synthesis of anionic FLPs, featuring an anionic phosphorus
center as Lewis base and a tetravalent chloro(organo)silicon compounds as masked Lewis base.
Experimental methods: Inert-gas synthesis techniques, analytical methods (NMR, IR, UV/vis,
CV, X-ray).

Experimental results:

The project focused on a more reliable starting point using robust P-bound triphenylmethyl deri-
vatives (Trityl, Trt).

Discussion: Firstly, we examined a route using HOAc to get 1, then by reaction with LDA the
desired precursor 2b, but the product quality varied in an unpredictable manner. We then devel-
oped a new route relying on the imidazole-to-phosphorus adduct complex 3 which react with
water to 4 and which was obtained in good yields, high purity and can be stored. Complex 4 was
easily deprotonated with several bases, e.g. NEts, "BuLi or KO'Bu; 2¢ was used to access 2d.
2a was treated with Me3SiCl, Me2SiClz, 'Pr2SiCl2 and ‘BuzSiClz, and the resulting siloxy-
phosphane complexes Sa-c¢ were obtained in good yields, except for 5d as no reaction occurred.

(OC)5W\P,BisyI (OC)sW_ Tt  LDA
B "

H 0@ H “OAc
[Li(12-c-4)" L
T OC)sW, Trt
: ©C)W,_Trt | SRl O ey
H 0O e
- Ml -
(©C)W T M RuCla-nSi
oN HO  (OC)sW_TH  base 2a-d _ Sad
N P _ R=Me,n=3(a)
&7 i oH M= HNEt, (a) .
N -Melm Li (b) - n=2 (b)
h K (¢ R=1Pr,n=2(c)
3 4 PPh, (d) R='Bu,n=2(d)

Complexes Sb,c react with KHMDS via deprotonation to give

room temperature stable K/OR phosphinidenoid complexes 6b,c / ‘\\ 17
Oa W,
being under current investigation.[1] / \4 \7“
(OC)sW,_Trt (OC)sW, _Trt o TN
,P\O KHMDS @P\O r\/ H | / \ v
H % )
CI—SiR, - HMDS CI—SiR, G N
K* a®
5 6
Publications:
[1]  P.Brehm, D. Biskup, G. Schnakenburg, Y. Mizuhata, N. Tokitoh, R. Streubel, to be pub-
lished.
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Development of Unsymmetrical n-Electron Systems of Heavier Main
Group Elements and Elucidation of Their Property

Takeaki Iwamoto Tohoku University

Objectives: We aimed at developing unsymmetrical m-electron systems containing a
double bond between group-14 and group-13 elements, which remain scarce compared
to other heavier m-electron systems but expected as prospects for advanced materials and
reagents for small molecule activation.

Experimental Methods: Reactions of B-(2,2,6,6-tetramethylpiperidyl)dialkylborasilene
1 (Chart 1) was various reagents were examined.

Outcomes: Borasilene 1 reacted with COz to provide 2 which is a product resulting from
the activation of two CO2 molecules. The detailed analysis of this reaction revealed that
the initial product of this reaction is a formal (2+2) adduct of 1 and COz (3). Then the
elimination of CO from 3 provides borasilaecpoxide 4, which converts to 2 in the presence
of CO2. Compound 4 was alternatively obtained by the reaction of 1 with N20. To
synthesize an aluminum analog of 1, we examined the reaction of silylene 5 with All3 and
obtained the corresponding 1:1 adduct.

Analysis: All new products were fully characterized by a combination of NMR

spectroscopy, elemental analysis, and MS spectrometry.

Ar. Ar 0 0 Ar. Ar
0 O
Si=B—tmp 2 ] R,SI—B Si
RoSIL_B~imp RoSI—B Stmp
Ar Ar O tmp Ar Ar
1 (R,Si=B-tmp) 2 3 4 5
t-Bu
Ar = —EQ’OMQ Ad = —EQ , tmp = 'E'Ni )
t-Bu

This project was done in collaboration with Professors Yoshiyuki Mizuhata (ICR Partner
Researcher) and Shigeyoshi Inoue (International Collaborating Researcher, Technical
University of Miinchen, Germany).

Publications: S. Abe, T. Iwamoto, “Synthesis, Structure, and Small Molecule Activation
of Silicon-Boron Doubly-Bonded Compounds Having Alkyl Substituents on the
Unsaturated Silicon Atom”, the 32" Sympsium on Physical Organic Chemistry,
September 20-22, 2022.
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Development of 1,4-Addition Reactions via Iron Catalysis

LAKSMIKANTA ADAK  Indian Institute of Engineering Science and Technology, Shibpur

Objectives

Iron is the highest ample transition metal in the Earth’s crust, It is inexpensive,
environmental and toxicology benign in nature. My interest is to explore the catalytic
properties of ecologically and economically attractive iron catalysts. Institute for
Chemical Research (ICR), Kyoto University is a well-furnished research institute. It has
all the up-to-date research services to achieve each type of reactions. Our studies will
certainties help the entire scientific people to realize the basic properties of iron-catalysis.
Our goal is to acquire new reactions and new molecules to be helpful for expansion of
new science and technology.

Experimental Methods

The first goal of the present project is the development of iron-catalyzed 1,4-addition
reactions of aryl-, alkenyl- and alkynylboron reagents to o,B-unsaturated carbonyl
compounds.Initially, we focused on the development of 1,4-addition reaction of
phenylborate (2) (J. Am. Chem. Soc. 2010, 132, 10674) to enone (1) catalyzed by iron salt
in combination of ligand to provide the product 3 (eq 1). The reaction may involve the B-

Fe transmetalation as the key step.
O - © @ cat. FeX;
Li 0
cat. L 1
Ph Ph

N\ ] 0
/\)J\ + B/
Ph Ph N
Bu O
condition

1 2 3
To optimize and increase the yield of this reaction various reaction conditions including
iron precursors, ligands/additives, reaction temperature, solvents have been studied. After
optimization of reaction protocol (eq 1), we examined the scope of 1,4-addition reaction
of various o,B-unsaturated acyclic and cyclic ketones with diverse aryl/heteroaryl-,
alkenyl- and alkynylboron reagents.

Outcomes and Perspective

The development of iron-catalyzed 1,4-addition reactions of aryl, alkenyl and
alkynylboron reagents to o,B-unsaturated carbonyl and related compounds and
mechanistic studies have been pursued. The most significant point is that the toxic and
expensive thodium or palladium catalysts can be replaced by modest iron catalyst. The
iron catalyst will advance the known catalytic method as well as in innovation of novel
synthetic methodologies for the synthesis of fine chemicals and drug molecules. Not only
will the effect on the useful chemical synthesis, the new catalyst makes an academic
interest. Thus, we believe that these studies will have very broad impacts in both academic
and industrial standpoints of view.

Publications
The corresponding manuscript is in preparation.
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Peptide Bolaamphiphile Anchored Nickel-based Metallohydrogel as
Electrocatalyst for Hydrogen Production

Apurba K. Das Indian Institute of Technology Indore

Electrochemical water splitting is considered as a green method for the generation of
sustainable and environmentally friendly energy conversion. The hydrogen evolution
reaction is associated with two electrons transfer for the formation of the H-H bond and
produced hydrogen energy with zero CO:2 emission. However, OER's intrinsically
sluggish kinetics hinders water splitting's efficiency, which required 1.23 V
thermodynamic overpotential due to the involvement of multiple proton-coupled electron
transfer processes.

Objectives: The main aims of this project proposal are:

(a) Design and develop peptide bolaamphiphile-anchored Ni-based electrocatalyst,

(b) Experimental validation of electrocatalysts for electrocatalytic hydrogen generation,
(c) To study the mechanistic insights for electrocatalytic hydrogen production.
Experimental Methods: Here, we have prepared a sonication induced boladipeptide
(HO-YF-AA-FY-OH (PBFY); AA = Adipic acid, F = L-phenylalanine and Y = L-tyrosine)
anchored self-assembled nickel-based coordinated polymeric nanohybrid hydrogel (Ni-
PBFY). The metallo-hydrogel (Ni-PBFY-3) prepared by mixing of 3 mg NiCl..6H20
metal salt along with 20 mM (15.33 mg) of boladipeptide (PBFY) in 1 mL final volume.
The xerogel of Ni-PBFY has been used to fabricate the electrodes and utilized in OER
(oxygen evolution reaction).

Discussion: Ni-PBFY-3 displays an ultralow Tafel slope of 74 mV dec! and lower
overpotential of 164 mV at the current density of 10 mA cm in 1M KOH electrolyte than
other electrocatalysts under the same experimental conditions. Furthermore, the Ni-
PBFY-3 is witnessed as a highly stable electrocatalyst during chronopotentiometry
performance for 25 h. The biomolecule assisted electrocatalytic results open a new route
to design efficient electrocatalysts for the significant implications in green energy
conversion. The mechanism of OER shows that the easy availability of hydroxide ions in
KOH promotes the formation of Ni-OOH species which facilitated the kinetics of the
OER. However, the electrocatalyst does not show the HER in 1M KOH due to the
additional energy required to generate the proton by breaking the water molecule. In an
alkaline medium prior to adsorbed H*, extra energy is required to break the strong
covalent bond of H-O-H. Besides the water dissociation, the electrocatalyst has strong
interaction with hydronium ions than the water molecule, which is another challenge in
an alkaline medium to produce M-H bond. On the other hand, the catalysts perform good
HER activity in an acidic medium due to the maximum number and large availability of
H" facilitating the activity of electrocatalysts and making them more suitable for acidic
HER performance.
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Synthesis of Fe-containing Phosphorus Ligands and Their Application in the
Preparation of Metal-Cluster Molecules

Masamichi Ogasawara Tokushima University

Olefin metathesis reaction has been proven to be a powerful tool in organic synthesis, and the
enantioselective extension is a recent trend in the metathesis chemistry. The ring-closing metathesis reactions
(RCM) were applied to the highly enantioselective synthesis of diverse planar-chiral transition metal
complexes using the Schrock-Hoveyda chiral molybdenum-alkylidene precatalysts.[!! Here, an additional
protocol for the asymmetric metathesis reaction is reported, which is asymmetric metathesis dimerization
(AMD)/kinetic resolution (KR) of racemic planar-chiral vinylphosphaferrocenes.[?]

The phosphaferrocene substrates for this Table 1. Mo-Catalyzed  Asymmetric  Metathesis
Dimerization/Kinetic Resolution of Racemic Planar-Chiral 1¢

study (rac-1a-e) feature an

n°-(2-vinylphospholyl) ligand, which is an r"ﬁ

origin of the planar chirality in rac-1. Screening ('(5an e : \k‘@’
of the chiral precatalysts was examined using RL.) benzene R
rac-1a as a prototypical substrate. A KR reaction e 2 (A

using the chiral Mo/(R)-L1 precatalyst at 60 °C,
which facilitates the metathesis dimerization of \Léf
(Fe)

(S)-1a preferentially and leaves most (R)-1a ) )
intact, attained 50% conversion in 24 h. The ! te
. . . CHyPh
dimerized product consisted of the two prrﬂu (7 X ) )
. . . Pr N OH
diastereomers with a chiral-2a/meso-2a = 97/3 Me oD oH
. . . . . 4
molar ratio. The enantiomeric purity of  FPlje & % “, GHgPh O - OO GeHs8,5-(CFa)o
remaining (R)-la was 74% ee and that of '3{')"";:‘_""" b i . (m—;za]/ ':“ —
- trate temp. . o e
(S,5)-2a was 90% ee (Table 1, entry 1). The ki entey (R)_M:i o Sl e femp.eonve € ]Iin ;,leso lle; '
value for this reaction was estimated to be 130 (R-L1 1a 60°C 50% 97/3 74190 130
(R)}-L2 la 60°C 13% 91/9 12/98 150

based on a second-order equation. The catalytic
activity of Mo/(R)-L2 was much lower and only
13% conversion was attained under the

(R)-L3 la 60 °C  60% 80/20 77/>99 1500
(R)-L1 la 20°C  40% >98/<2 63/>99 880
(R)-L1 1b 20°C  42% >98/<2 65/>99 950
(R)-L1 1c 60°C  53% 95/5 ---¢/98 e

Mo/(R)-L3 precatalyst showed good (R-L1 d  20°C 4%  >98/<2 16/98 870
(R)L1 le 40°C  35% 96/4 46/99 410

enantioselectivity with the k. value of over S T—— : : :
a The reaction was carried out in benzene in the presence of the

1000 but with poorer diastereoselectivity (entry  molybdenum catalyst (R)-Mo® (5 mol %) » Determined by the 3IP-NMR

. . ° measurements of the crude reaction mixtures. ¢ Determined by the chiral
3) A reaction with Mo/ (R)'Ll at 20 °C showed HPLC analyses. ¢ Calculated based on a second-order equation. ¢ Not
the near-perfect diastereoselectivity =~ with ~determined.
excellent enantioselectivity of & = 880 (entry 4). The Mo/(R)-L1 species was applied to the AMD/KR of
other substrates rac-lb-e. While 1b and 1d were resolved as above with excellent
diastereo-/enantioselectivities with k. = 950 and 870, respectively (entries 5 and 7), propenyl-substituted
rac-1¢ was lowly reactive and needed higher temperature (60 °C) to attain the reasonable conversion, and
the dimer was obtained in 98% ee (entry 6). The AMD/KR of diphosphaferrocene derivative rac-1e needed a
higher temperature (40 °C) due to its lower reactivity. The excellent diastereo-/enantioselectivities were
retained as above, and rac-1e was resolved with k; = 410 (entry 8). In the present AMD/KR, the dimerized
products were obtained in >98% ee due to the VERY high k. values even with near 50% conversions.

otherwise identical conditions (entry 2). The

00 ~1 N U B W =

Publication from this joint project:
[1] Ogasawara, M. Chem. Rec. 2021, 21, 3509-3519.
[2] Nishimoto, K.; Taue, H.; Ohji, T.; Funakoshi, S.; Ohki, Y.; Ogasawara, M. Org. Lett. 2022, 24, 7355-7360.
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[ #+5] Wakabayashi S, Takumi M, Kamio S, Wakioka M, Ohki Y, Nagaki A. Chem. Eur. J. 2023, 29,
€202202882. [DOI: 10.1002/chem.202202882]
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Synthesis and its catalysis of dinuclear complexes utilizing a pincer-type
N,N,P ligand

Yoshitaka Yamaguchi Yokohama National University

Tridentate pincer-type complexes have generated a lot of interest because the pincer-type ligand stabilizes
the metal complexes and its properties can be tuned to achieve the best reactivity of the complex. We have
recently reported the synthesis of a series of pincer-type nickel(Il) complexes utilizing a combination of -
aminoketonato or B-diketiminato frameworks with a third donor such as a phosphino or amino group. Our
systematic study on these nickel(Il) complexes revealed that the modification of the ligand framework has a
significant influence on the catalytic performance in the cross-coupling reaction of aryl halides with
arylmagnesium reagents (Dalton Trans. 2018, 47, 8003.; Eur. J. Inorg. Chem. 2019, 126.). We intended to
develop a highly effective catalyst system for the activation of inert chemical bonds such as C-F and C-O
bonds. The use of dinuclear complexes as catalysts has been considered as an efficient way to achieve this aim.

Dinuclear catalysts have attracted considerable attention in recent years since a dinuclear complex containing

two metals in close proximity would exhibit a [ p qvious work This work

bimetallic cooperative effect. Therefore, the /()\ /(k tQ/ /(k M\ )\>\
. . . . . I

bimetallic cooperativity can achieve to activate
N.—Cl Nl—CI —> N.—Cl Cl—Nl

PPh2 PPh2 PPh2 Ph2P

inert chemical bonds, which is difficult by

mononuclear complexes. On the basis of the

Mononuclear complex Dinuclear complex

achievements of dinuclear catalysts reported so
far and the studies of pincer nickel complexes by us, we designed dinuclear nickel complexes supported by a
B-diketiminato-based pincer ligand.

1,4-Phenylenediamine was selected as a spacer for the construction of an NV, N, P-type ligand precursor for a
dinuclear complex. The condensation reaction of 1,4-phenylenediamine with 2 equivalents of acetylacetone in
the presence of catalytic amount of H>SOs4 in toluene refluxing conditions afforded the phenylene-bridged
bis(B-diketimine) 1a in 82% yield. Next, we examined the preparation of the ligand precursor 2a by the
reaction of 1a with 2-(diphenylphosphino)ethylamine under various conditions, whereas the desired product
2a was not obtained. In this reaction, amine exchange reaction occurred mainly to afford the O, N, P-type pro-
ligand 3. It was found that, for the preparation of an N, N, P-type pro-ligand, existence of the ortho substituents
on the aromatic ring connected nitrogen atom is crucial preventing from the exchange reaction of amines. Thus,
2,3,5,6-tetramethyl-1,4-phenylenediamine was employed and the phenylene-bridged bis(B-diketimine) 1b was
obtained. However, the reaction of 1b with 2-(diphenylphosphino)ethylamine afforded complicated results
and the desired ligand precursor 2b was not obtained. The tetramethylphenylene unit as a spacer might be too
sterically congested to construct the desired product 2b. Finally, 4,4'-methylenebis(2,6-diethylaniline) was
used as a spacer, and thus the formation of the desired ligand precursor was confirmed by NMR spectroscopy.

The preparation of the dinuclear complex supported by this ligand is currently underway in our laboratory.
Ph,P
H N—~-PPhy /R R }
N R —

R
R=H, Me R=H; 1a &Pth R=H: 2a

R = Me; 1b 4/—\< R = Me; 2b
| H2N/\’Pph2 0

NH

R=H
PPh, 3
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Synthesis of Alkyl Ethers Using Two Different Alcohols
Catalyzed by Organosilane Compound

Toru Hashimoto Sanyo-Onoda City University

Objective:

Alcohols and aryl alkenes derivatives are cheap and environmental benign substrates. Compared to fossil
resources, these compounds are sustainable source and their direct use to access bulk and fine chemicals is of
increasing interest. As environmental issues are growing concern, finding efficient, atom-economical and step-
economical strategies for directly transformation using these compounds is a major challenge in organic
chemistry. In this research project, we are challenging the development of a highly efficient and

environmentally friendly synthetic process for alcohols and aryl epoxides by utilizing main group catalysts.

The ring-opening reactions of epoxides with alcohols provide access to synthetically important 3-
alkoxy alcohols. However, these reactions require either strongly acidic or basic conditions due to the usually
poor nucleophilicity of alcohols; these harsh reaction conditions have spurred a search for new and milder
methods. The use of Brensted or Lewis acids is the most common method for the ring-opening of epoxides.
Lewis-acidic metal salts have also been successfully applied in ring-opening reactions of epoxides with
alcohols. Although these catalytic reactions generally lead to high product yields with good regioselectivity,
the use of toxic and/or non-air-stable, expensive reagents restricts their widespread applicability.

In this study, we have developed an organosilicon—catalyzed ring opening reaction of epoxide. The
screening of reaction conditions for this ring opening reaction of epoxide were performed. Various
organosilane catalysts were used for the optimization of reaction conditions. After screening of the reaction
parameters, we found that the commercially available hydrosilane showed the catalytic activity for the ring

opening reaction of epoxides with alcohols to afford the B-alkoxy alcohols in good yields.

R. O Si cat. . OR
+ R20H -
Ar><| O Arﬂ\/OH
R =Ar, Alkyl, H up to 97%
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Development of heteroacenes with excellent photophysical and
electrochemical properties

Koichi Mitsudo Okayama University

Thienoacenes, acene molecules bearing thiophene rings, have received considerable
attention due to their excellent semiconductor properties and are used as active materials in
organic field-effect transistors (OFETs) and organic photovoltaic cells (OPVs). Therefore, a
variety of thienoacenes have been synthesized and their physical properties were investigated. It
is well-known that the thiophene ring is an electron-rich donor aromatic ring. In contrast,
thiophene dioxide, which is obtained by oxidation of the thiophene ring, loses its aromaticity and
works as an electron-deficient acceptor molecule. In recent years, some n-extended molecules,
having a thiophene dioxide skeleton, have been reported for their unique luminescent properties

and have begun to attract attention. However, there have been few reports on the synthesis of

thienoacene derivatives containing multiple thiophene-dioxides, even though 0,0
they are expected to have interesting properties, and little is known about their [@J

physical properties. In this study, we focused on synthesis of thienoacenes which O//S\b
have benzo[1,2-b:4,5-b"]dithiophene 1,1,5,5-tetraoxide (BDT-teraoxide, 1) as a BDT tetraoxide (1)
key skeleton.

Even though BDT is one of the most common skeletons in Oct, 4 o oo
e} Y% Oct Y%

. .. . s
thienoacenes, few reports have been on synthesizing their B:Z_Q—TBF BrZ—Q—Z
oxides. In the previous period, we developed synthetic methods & o”S‘b o tBr o”S‘b Oet o

Ci
for the construction of BDT tetraoxide derivatives 2 and 3. In 2 3

this period, we carried out the reaction of BDT tetraoxide 3 with several phenol and thiophenol
derivatives to afford O- or S-linked BDT tetraoxides 4 via addition—elimination reaction. Thus-
obtained 4 exhibited good fluorescent properties, and they are under investigation. We next
examined Pd-catalyzed dehydrogenative double cyclization of 4 under several conditions, but
the scission of C—X bonds proceeded predominantly and the desired thienoacenes S were not
obtained. We screened several conditions and found that a cyclization reaction proceeded from
the substrates without oxygen on the thiophene ring while the yield was still unsatisfactory.
Further study revealed that the choice of oxidant was quite important for cyclization, and we
successfully developed an efficient condition to construct C—C bonds on BDT derivatives. Now,

we are applying this strategy to several BDT and BDT tetraoxide derivatives.

Oct O\\SP Oct O\\S/,O Oct O\\S//O
Br.
Y/ base X / X
/ + e —— / ”””””” > / /
s Br XH adc_iltlo_n— s X cyclization s X
O// \\O Oct X=0 8 elimination O// \b Oct O// \b Oct
3 4 5
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Creation of Effective Oxidation Scavenger for Efficient Perovskite-based
Solar Cells

Takahiro Sasamori University of Tsukuba

The goal of our collaborative research with Prof. Dr. Atsushi Wakamiya (ICR, Kyoto
University) is development of an organic oxidation scavenger for the creation of efficient
lead-free perovskite-based solar cells, and pioneering research achievements on the basis of the
fusion of elemental science and functional physical chemistry. Challenges for lead-free
efficient perovskite-based solar cells such as Sn(Il)-based ones compared with their Pb
counterparts predominantly include the facile oxidation of divalent Sn(Il) into Sn(IV) which
leads to the increased nonradiative charge recombination in the perovskite films. Thus, we
have focused our research targets on the creation of low-coordinated main group element
species as effective oxidation scavengers, which exhibit redox-active property and considerable
solubility in organic solvents.

Silylenes (R2Si:) are attractive intrinsically extremely reactive species, which would
exhibit possible ability of working as effecting oxidation scavengers. Isolable silylenes remain
scarce, and in most hitherto reported examples, the silylene center is stabilized by
electron-donating substituents (e.g., heteroatoms such as nitrogen), which results in electronic
perturbation. We have been interested in the chemistry of redox-active silylenes with
carbon-based substituents such as ferrocenyl groups. Furthermore, we have designed a
ferrocene-based phosphenium ion with “reversible” intramolecular donor coordination, Fcf2Si:
(Fc? = 1’-dicyclohexylphosphino-1-ferrocenyl). The Fc? group ascribes both stability and
reactivity for the silylene center with its “switchable” donor coordination caused by the
rotation of the cyclopentadienyl moiety Accordingly, the possible precursor for the silylene
such as Fc2SiCl and FcP2Si(OCH3): were synthesized.! The attempted synthesis of the
corresponding silylene is currently investigated. We are grateful to Prof. Wakamiya (ICR,
Kyoto Univ.), Prof. Yoshida (Nagoya Univ.) and Prof. Tsuchiya (Kitasato Univ.) for their

support on the research, and fruitful discussions.

X X
. . . N\ / ..
?Br n-BuLi ?tLI(THF)n SiX, = s 5L
e e —_—  _ T e -
THF Fe Fe Fe Fe
<" <"
o ‘oy—80C o o A ~=~ =R A= =R
y Cy y Cy cy Gy Cy Cy Cy Cy Cy Cy
Cy = cyclohexyl X =Cl, OCHs3

1. Sasamori, T.; Ueno, H.; Morisako, S. Inorganics 2022, 10, 22.
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Developing machine learning approaches for prediction of protein
stability changes upon missense mutations

Jiangning Song Monash University

Objective. It is important to predict the stability of a protein against mutations
because even a single missense mutation of an amino acid can change a protein’s
structure and stability. Existing studies show that missense mutations can be harmful
to health and disease-related by causing changes in the stability of a protein.
Therefore, the accurate estimation of protein stability change (AAG) measured as
Gibb’s free energy change is crucial for studying and understanding the relationship
between protein missense mutation and function. Therefore, we will develop novel
machine learning methods for this problem, by combining state-of-the-art machine
learning techniques and various types of informative protein sequence and structural
features. In this project, building upon these successful collaborative researches, we
will continue and extend our development of next-generation bioinformatics methods
for improved prediction of protein stability change. We may also study other related

bioinformatics problems in the areas of sequence analysis and structural informatics.
Results. As a result of this project, we have developed a novel sequence-based
method termed PROST for the protein stability change (Gibb's free energy change,
AAG) upon a single-point missense mutation [1,2]. In addition, we have also
developed an open-source, Python-based software package iFeatureOmega [3],
which is a powerful tool to generate, analyze and visualize 189 representations for
biological sequences, structures and ligands.

Publications

[1] Igbal, S., Ge, F., Li, F., Akutsu, T., ...., Song, J. PROST: AlphaFold2-aware

Sequence-Based Predictor to Estimate Protein Stability Changes upon Missense
Mutations, J Chem Inf Model. 2022 Sep 12;62(17):4270-4282 (2 citations).
[2] Igbal, S., Li, F., Akutsu, T., ..., Song, J. Assessing the performance of

computational predictors for estimating protein stability changes upon missense
mutations, Briefings in Bioinformatics, 202, 22(6):bbab184 (15 citations).
[3] Chen, Z., Liu, X., Zhao, P., Li, C., Wang, Y., Li, F., Akutsu, T.,..., Gao, X.,

Kurgan, L., Song, J. iFeatureOmega: an integrative platform for engineering,

visualization and analysis of features from molecular sequences, structural and ligand

data sets, Nucleic Acids Res. 2022 May 7;50(W1):W434-47. (7 citations).
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Integrating Omics Data and Module-based Network with Deep
Learning to Develop Cancer Type Predictive Models

Jinn-Moon Yang National Yang Ming Chiao Tung University

Objective. Classification and prediction of cancer subtypes have been a major topic
both in biomedicine and bioinformatics. To tackle this important issue, various
machine learning methods have been developed to better utilize mRNA expression
data and improve the classification accuracy. However, many of existing studies
focus on specific cancer types, and thus it is needed to explore mechanisms across
multiple cancer types. For understanding of such mechanisms, it is crucial to analyze
the topology of biological networks and biochemical progress in cells. To this end,
integrated analysis of omics data and biological networks is required. Although many
such studies have recently been done, currently available approaches are not
satisfactory. To address these issues, we will develop computational methods by
integrating graph-based and machine learning methodologies. In this year, we focus
on analysis of protein complexes because these play important roles in biological
networks.

Results. We developed graph theory-based methods to predict hot spots from only a
single residue interaction network constructed from three-dimensional protein
complex data, where hot spots are sets of residues contributing most to the binding
energy in protein interfaces. The methods are based on the concept of the densest
subgraph and utilize linear programming and integer linear programming. By
evaluating the results on 67 complexes from a publicly available database (SKEMPI
database), our methods clearly outperform existing graph theory-based methods on
recall and F-score. In particular, the Min-SDS method has an average recall of over
0.665 and an F2-score of over 0.364, while the recall and F2-score of the existing
methods are less than 0.400 and 0.224, respectively.

Publication

[1] R. Li, J-Y. Lee, J-M. Yang, T. Akutsu: Densest subgraph-based methods for
protein-protein interaction hot spot prediction, BMC Bioinformatics, vol. 23, Paper
ID. 451, 2023.
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Evolution of giant viruses and relationships with the origin of Life
Morgan Gaia CEA/Genoscope

Background:
The nucleocytoplasmic large DNA viruses (NCLDVs) form a phylum of related families
of large and giant DNA viruses, which collectively infect the entire diversity of
eukaryotes. They are abundant, active and diverse in many environments, especially the
oceans. Their immense diversity and broad host spectrum are likely the results of their
ancestry; they were presumably already diversified before the emergence of the modern
eukaryotes and infected their direct ancestors. Considering the large amount of gene
transfers regularly occurring between cells and these viruses, including from the latter to
the former, the NCLDVs are suspected of having played a major role in the emergence
and early evolution of modern eukaryotes. The evolutionary mechanisms and forces
behind the gigantism of their genomes also remains to be investigated.
Objectives:

1)  Robust phylogeny of the NCLDVs (evolutionary backbone);

2)  Flow of gene transfers from and to the NCLDVs (past interactions);

3) Inferred lifestyle from genomic functions (adaptation);

4)  Characterization of the new classes’ specificity (divergence).
Results:
Objective 1 was achieved by identifying unstable branches from the phylogenomic tree
of isolated viral genomes. Viruses identified to contribute to the instability of branches
were removed from the dataset to build a robust phylogenomic tree. Objective 2 was
performed by comparing “gene trees” for orthologous gene clusters to the above
mentioned robust phylogenomic tree (“species tree”). We used the amalgamated
likelihood estimation method to identify gene loss and gene gain events, the latter being
further classified into gene transfers between viruses (T), gene duplications (D), and
unknown originations (U). The result indicated that gene gain overwhelmed the gene loss
events, and among different types of gene gains, gene transfers between viruses (T) were
recognized, for the first time, as a quantitatively important evolutionary event. These
results were obtained in a tight and intensive collaboration with a master student, Junyi
Wau, in the partner laboratory at ICR. We also obtained specific results for Objective 3
and 4 (see: doi: https://doi.org/10.1101/2021.12.27.474232).
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Revealing marine microbial-viral interactions through community
interactome analyses

Samuel Chaffron CNRS

Background & Objectives:

As opposed to our conventional view on viruses as small particles, viruses of the phyla
Nucleocytoviricota and Mirusviricota possess outsized virions even larger than small cells bacteria.
These giant viruses can infect various eukaryotic hosts, from unicellular eukaryotes to large animals.
The wide host spectrum of giant viruses makes them abundant, active, and ecologically important in
the global ocean. However, known hosts of giant viruses are very poorly characterized due to isolation
and technical limitations. Nevertheless, the diversity of giant viruses has been recently expanded
through metagenome-assembled genomes (MAG) reconstructions. MAGs can provide genomic
information to predict and support infection relationships, as for horizontal gene transfers evidence
between hosts and viruses.

In this project, we aimed to improve our knowledge of inter-species interactions between
viruses and eukaryotes and predict hosts of marine viruses using novel computational methods
applied to a recently published Global Ocean Eukaryotic Viral (GOEV) database [1].

Methods & Results:

First, using abundance profiles of the GOEV database and a marine eukaryotic environmental
genomes database, we inferred a marine virus—plankton association network (referred to as an
interactome) at a global scale (Fig.1). We analysed viral community composition and computed
robust temperature optima for viruses and their predicted hosts. We then assessed a clear structuration
of this interactome at the temperature-dependent polar/nonpolar boundary. The uniqueness of
polar/nonpolar interactions likely causes the
endemism of polar viral communities.

We then used a phylogeny-guided Taxon
Interaction Mapper (TIM) method to predict hosts
from interactome associations. Consistent with the
findings above, our analyses suggested an
unidentified virus—host relationship between polar
diatoms and giant viruses. Taking advantage of

genomic information, we further identified

potential HGTs and viral insertions in diatom

Fig. 1 Virus—plankton interactome

genomes to support our findings. Overall, our
graph-based computational approach has been instrumental to reveal novel marine host-virus

interactions, which will have to be validated in vitro.
Publication: Lingjie M., Delmont T.0., Gaia M., Pelletier E., Fernandez-Guerra A., Chaffron S.,

Neches R.Y., Wu J., Kaneko H., Endo H., Ogata H. (2023) Genomic adaptation of giant viruses in
polar oceans. bioRxiv 2023.02.09.527846; doi: https://doi.org/10.1101/2023.02.09.527846
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A Study on Statistical Machine Learning for
Efficient Graph Structured Data Analysis

Masayuki Karasuyama Nagoya Institute of Technology

Data-driven approaches have attracted wide attention from a variety of scientific fields such as
biology, chemistry and materials science. In particular, graph based representations are useful for
capturing structured relations that are often difficult to be handled by using the standard numerical
table based representation. For example, a chemical composition is typically represented as a graph
in which a node indicates an atom and an edge indicates a bond. In this study, we focus on a
knowledge extraction problem on the graph based data analysis.

Although there exist well-known machine learning algorithms that can incorporate graph
information such as graph neural networks (GNNs) and graph kernels, it is still difficult to
construct an interpretable learning model, because of the combinatorial nature of graph data. For
example, identifying key substructures that increase the toxicity of compositions can be
informative, but the number of possible substructures in the dataset can be intractable. We
previously proposed an algorithm that can identify important substructures of a given graph
prediction problem through distance metric learning of graphs [1]. In this framework, we used a
sparse model in which only a small number of important features are used to construct the
prediction. Since naive computations can be computationally prohibitive, we combine a graph
mining algorithm and the theory of the convex optimization so that important subgraphs can be
identified without exhaustively searching possible candidates.

Our previous approach can identify important subgraphs, but it cannot deal with a graph having
continuous attributes on its nodes or edges. For example, a graph node of a chemical composition
can have numerical information derived from the three-dimensional position of each atom. To
build an interpretable prediction model with those attributed graph inputs, we propose a novel
sparse learning method that can identify important substructures as attributed subgraphs, called
attributed graphlets. We show that an efficient pruning strategy can be derived for exploring
subgraphs while estimating representative attribute vectors simultaneously. We confirmed this
approach can actually identify a small number of important attributed graphlets while achieving
similar prediction performance to other well-known approaches such as GNNs. We submitted the
paper about this approach to an international conference [2] (currently under review).

[1] T. Yoshida, I. Takeuchi and M. Karasuyama, Distance Metric Learning for Graph Structured Data,
Machine Learning, vol.110, no.7, 1765-1811, 2021.

[2] S. Tajima, R. Sugihara, R. Kitahara and M. Karasuyama, Under review.
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Control and Analysis of Complex Networks via Probabilistic
Minimum Dominating Sets

Jose Nacher Toho University

Objective. Various molecules interact with each other to carry out life activities in
cells and organisms, and thus it is important to analyze networks formed by these
interactions to understand life. To this end, we have been conducting studies on
controllability of various biological networks such as protein interaction networks,
metabolic networks, and ncRNA-protein networks. In recent years, we have been
focusing on controllability studies using the minimum dominating set (MDS),
which is a well-known concept in graph theory. We developed various extensions of
the MDS-based control model. In particular, we developed methods to classify
nodes into critical, intermittent, and redundant based on in occurrence of nodes in
MDS solutions. In this year, we further explore the MDS-based approach to analyze
large-scale directed networks and to perform more detailed classification of nodes.
Results. We developed two graph theory-based methods for MDS-based analysis of
biological networks. One is an efficient method for classifying nodes in large
directed networks into three categories: critical, intermittent, and redundant, by
utilizing novel pre-processing methods. The results of preliminary computational
experiments on large-scale protein-protein interaction networks suggest that the
identified critical proteins are associated to important biomedical functions [1]. The
other one is introduction of a new controllability measure, and its associated
efficient algorithm, that quantifies the importance of intermittent nodes in directed
biological networks. The results of preliminary computational experiments
demonstrate the biological importance of the intermittent nodes as well as their
associations with specific human diseases [2].

Presentations

[1] Y. Tokuhara, T. Akutsu, J. C. Nacher: An algorithm for identifying critical
control nodes in probabilistic directed biological networks, IPSJ SIG Technical
Report, vol. 2022-BIO-72, no. 7, 2022.

[2] W. Someya, T. Akutsu, J. C. Nacher: An algorithm for quantifying the
importance of intermittent nodes in controlling biological networks, IPSJ SIG

Technical Report, vol. 2022-BI0-72, no. 8, 2022.
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Development of a comprehensive detection method for
coronaviruses originated in wildlife

Tokiko Watanabe Osaka University

Seven types of coronaviruses are currently known to infect humans, all of which originate from
viruses that infect wild animals such as bats and rodents. In this study, we developed a system to
comprehensively detect coronaviruses in environmental samples and applied this system to actual
surveillance with the aim of strengthening surveillance for coronaviruses carried by animals such
as bats. First, we established an RT-PCR method using degenerate primers designed by
bioinformatics analysis to detect coronaviruses for divergent bat coronavirus surveillance. We
designed 39 degenerate primer pairs for comprehensive detection of the RNA-dependent RNA
polymerase gene sequences of coronavirus genes in the database. The RT-PCR conditions were
optimized using these primer pairs, leading us to successfully detect RNAs of alpha-, beta-, gamma-,
and deltacoronaviruses. Next, we performed the optimized RT-PCR using RNA extracted from
organ samples from 26 bats captured in Sierra Leone, West Africa. An amplicon of 400-450 bp
was detected in RNA extracted from the intestinal tract of one of these bats. This RNA sample was

analyzed by RNA-seq and identified as a

1A x
1B
coronavirus sequence. Phylogenetic analysis HKUB A=
revealed that this virus clustered with members
of the genus Alphacoronavirus and the sequence
of the ORFlab genome shared less than 90%
identity with the closest bat alphacoronavirus o €
CDPHE(
v o

(Fig 1, magenta). We have thus established an
RT-PCR method that can comprehensively
detect coronaviruses, which will be useful for bat
coronavirus surveillance and proactive measures

against future outbreaks of coronavirus infection.

206 #C |
NL63 A

HKU2 A

Fig 1. Phylogenetic tree of coronaviruses

(ORF1ab gene)
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Microbial ecology in the dark sea
Takashi Yoshida Kyoto University

Microorganisms account for two-thirds of the biomass in aquatic environments. In
the marine ecosystem, viruses are the most numerous biological entities and can lyse one-
third of the host cells daily. The interaction between viruses and microorganisms
contribute to the variability and stability of the global environment, influencing overall
biogeochemical cycling in the ocean. Much previous effort in marine microbiology
focused on the photic zone, which is highly productive and relatively easy to perform
observations. Aphotic zone (at depths below 200 m), accounting for 95% of the
hydrosphere, is characterized as a harsher environment, with no light for photosynthesis,
low oxygen concentration, high pressure and a high concentration of inorganic nutrients.
However, the interaction between viruses and microorganisms in this zone is still under
investigated due to the high difficulty in sampling this zone.

To analyze the community composition, potential hosts and metabolic capacity of
viruses and microorganisms in deep sea, it is a prerequisite to obtain sufficient amount of
DNA and RNA from samples. In this study, a long-term sampling is planned to conduct
at Muroto Deep Seawater Research Institute in Kochi Prefecture. In this institute, deep
seawater (320 m depth) and surface seawater (0.5 m depth) are pumped up from a spot
within a 3 km distance from the coast. Four times of sampling in Muroto have been carried
out from Dec 2021 to Dec 2022 to concept and develop an appropriate sampling system.
In total, about 2,800 L deep seawater and 100 L surface seawater were filtered.

By building different type of filtration systems, including changing the filtration
membrane pore-size, filtration pump type and RNA/DNA extraction methods, a high
efficiency sampling protocol was built for obtaining sufficient DNA and RNA finally. In
brief, seawater was prefiltered through 150 pm mesh nylon mesh to remove large
plankton, and then filter by 3 pm pore-size membrane and 0.2 pm sterivex, individually.
Filtration time was strictly limited in 30 min to prevent RNA from degrading. Finally,
nucleic acid yield increased. Especially for the 3-150 um size particles in deep sea, the
RNA amount from one-liter deep sea water increased from under-detection limit to about
4.8 ng. High yields were also achieved by extracting DNA and RNA separately.

In future, metagenome and metatranscriptome sequencing will be performed to probe
microorganism community compositions and viral gene expression level to better

understand the ecology of virus-host system in the deep ocean.

_32_



2022-33

MR F Ry N — T BT HTIEORE L ES - BE~DIRH

ARFZETIL, BB L2 @A ST EHIIR RS OB S RN 72
DTy NU— I HEERE L EE AWTES: - BRICBIT D REZ fRRT 5,
DLV E LT, A BB - RHCEREZY T, BEFRy M7 —7 0
Xy =27 (RFRAT = A) OWERL, ENOHDR Yy NT =T ~DT ) LDOFLHEE,
EBRSM (BEFH L BEE) X EBEVWEERIET 2O OMIT k2 RET 5,

Fxlx, TNET, M1 ISR Ly FREOHBIFE Db 21 2 D Bk % 12
EL, INEUE LEERETIEOBIEERIC X 25, AKOEETRILT — 4% (Gene
Expression Omnibus ; GEO 22 5 AF L72IE~HK 100 I {EOE S F-HE) ITIREFiEL#HH
L. EVFRICERO D DBEB NI RD 2 & 2R Lc, £72. T T
WEINTWD, HER Y N =7 DB T 2B FHOBEEZEDT, IHIT,
INEFTORBETELEZIDICRESYE, /77 Fxy NU—7 H, FHEKRRE. 7
T Y AL~ A = 7 G BRE U7l - MR PR Ry MU — J AT
EOREA~MT THRETZER TV,

SEEIT. Zh O OTEDEY D FRIEIZE) B X ORTFSE (Rric 24
W) ZB T D BENRAEMEIFERA~DICHERF L, EEaBE LT, B NI
O KL ONNEREER ENE, o, BYEoBE LT, BIEMOA I v 7 2Tt
FEHED TS,

20 40 60 80 100
Samples

X 1. 2 >OFEM (o7 1~50 BL O 51~100) THEENZELT S 5 DD EIE
A, B, C, D, EOb—h=v7FR (BVIEERBENE), Eiaf A-Eofins
EEOxXZ LD E, BTV 1005 50 OFFTITMEEZFF25, 7L 51-100 O
TITHHBIMEE 2 A5  [Kayano M., Shiga M. and Mamitsuka H., IEEE/ACM Trans. Comp.
Biol. Bioinform., 11(1): 154-167, 2014 X v #ixi#]

_33_



2022-34 ([EEE)

Investigations into Catalytic and Biochemical Behaviors of
Nitrogenase Fe protein using >’Fe labeling

Markus W. Ribbe University of California, Irvine
[Objectives]

Nz-reducing enzyme (nitrogenase) utilizes a
sophisticated electron transfer system and a

Mo-Fe-S-C cofactor ([(cit)MoFesSoC] or

Mo-cluster
[Cp*MoFe,S,1*

M-cluster
[(cit)MoFe,5,C]™

e BH

Side-View

M-cluster) to reduce atmospheric N> to
bioaccessible NHs.
the

This work aims to
of

nitrogenase as a protein scaffold for the

repurpose cofactor-free form

Top-View

Fig. 1 Molecular structures of (a) the natural Mo-Fe-
S-C cofactor (M-cluster) of Na-reducing enzyme
(nitrogenase) and (b) the Mo-Fe-S cluster applied to
a reconstitution with cofactor-free nitrogenase and

incorporation of a synthetic Mo-Fe-S cluster
[Cp*MoFesSo(SH)]*~ (1).
[Methods]

(c) structural comparison of the two clusters.
Extracted from the publication.

The cofactor-free form of nitrogenase catalytic component was treated with cluster 1.
The resultant semi-artificial enzyme was analyzed by using ICP and EXAFS to gain
insight into the structure of the incorporated cluster. Catalytic activity of the semi-
artificial enzyme was also evaluated by CoHz and CN™ reduction assays.

[Results and Discussion]

While full characterization of the incorporated cluster was unsuccessful, the enzyme
displayed catalytic activity for the reduction of CoH> to CoHa (Fig 2) and CN™ to short-

chain hydrocarbons. Thus, this work demonstrated the utility of the nitrogenase

NifH/ATP-dependent
C,H,-reduction B

NifH/ATP-independent
C,H,-reduction

scaffold as a electron delivery platform to

>

E 400 s 4000
artificial cofactors. 3 300 % 3000
=3 o
2220} £ 2 2000
[Research Outcome] i gf.,mo
Tanifuji, K.; Jasniewski, A. J.; Lee, C. C; % ol 32 ol
Solomon, J. B.; Nagasawa, T.; Ohki, Y.; Tatsumi, = SR B % T T h i

Time (min) Time (min)

K.; Hedman, B.; Hodgson, K. O.; Hu, Y.; Ribbe,

M. W. Incorporation of an Asymmetric Mo—Fe—S
Cluster as an Artificial Cofactor into Nitrogenase.
ChemBioChem 2022, 23 (19), €202200384.
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Fig. 2 Reduction of C:Hz to C:Hs by NifDK
reconstituted with Mo-Fe-S cluster in the presence of
(A) enzymatic electron carrier and (B) non-enzymatic
reductant. Legend: ¢, full assay conditions; © and a,
controls in the absence of the electron carrier or
reductant. Details are shown in the publication.
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Precise synthesis and controlling higher-order structure
of tadpole-like Janus cellulose nanocrystal

Atsushi GOTO Nanyang Technological University

Objectives — Cellulose nanocrystal (CNC) is a rod-like nanoparticle with intriguing
properties such as high strength and high stiffness. We focus on the CNC with
different polymers (in chemical composition or degree of polymerization) grafted
regioselectively on the reducing end-groups and the lateral hydroxyl groups of CNC
(tadpole-like Janus CNC; Figure 1), which could form novel higher-order structures
otherwise impossible. In this study, as a key step of the versatile synthetic route
toward tadpole-like Janus CNC, we have tried to introduce an initiating group of atom
transfer radical polymerization (ATRP) via click reaction.

Cellobiose .
o OH oH Ny, o oH OH L ;
HOW%O oH > Ho\w%o N~
OHO OH 2-picolineborane OHO OH N3
70 °C, pH 4.5 1
N Br
CNC OHo AN~y OHOH z on
e P~ y ey i
OH 2-picolineborane OH N3 cuso,:5H,0 HO on SR Br

v

70°C, pH 4.5 ascorbic acid —
2 3 N=N

Tadpole-like Janus CNC

Figure 1. Schematic illustration of structures of Tadpole-like Janus CNC and CNC and tadpole-like
Janus CNC and Scheme for Chemical modification of reducing end-groups of cellobiose and CNC.

Results and Discussion — To confirm the effectiveness of reductive amination
reaction with azido ethylamine, reductive amination with cellobiose was caried out
according to the reported procedure,' indicating that hemiacetal structure decreased
by 97% by the bicinchoninic acid assay. Then, we applied the same reaction condition
to CNC and achieved approximately 60% reduction of the hemiacetal structure of
CNC. Thus, we concluded that sufficient reducing end-groups of CNC was
successfully modified with 2-azidoethylamine. As for the succeeding click reaction
toward CNC-3, the peak derived from the azido group despaired in the IR spectrum
of the obtained sample, indicating the successful synthesis of CNC with ATRP
initiating groups. We are going to purify the cellobiose derivative 1 and analyze its
structure and hence the detail of the reductive amination reaction with 2-
azidoethylamine. We are going to carry out the ATRP using CNC-3 to synthesize
tadpole-like Janus CNC forming a novel higher-order structure.

[1] Delepierre, G., et al. Biomacromolecules 2021, 22, 27022717
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Exploration of perovskite solar cell composition:
correlating device performance and fundamental property

Akinori Saeki Osaka University

Connecting data science (machine learning) with predicied
experimental methods 1is critical for accelerating Qs <0s +O.
material science research. We report a multivariate @\.@é@.’&@s@

. : . . . e D20V
analysis for exploring A-site organic cation mixing in tin -

iodide perovskite (ASnlz) solar cells (PSC), which are AzS.nl‘lé
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
using 133 types of environmentally stable A2Sn(IV)Is
zero-dimensional pseudo-perovskites to predict the
power conversion efficiency (PCE) of ASn(IDI, in
which A is a ternary or quaternary mixed organic cation
(namely metylammonium, formamidinium (FA),
dimethylammonium, guanidinium, ethylammonium,
acetamidinium, trimethylammonium, imidazolium, or
phenylethylammonium (PEA)). The high correlation
coefficient of our model (0.953) and experimental #§
validation (0.982) allowed us to identify a new
(FA0.92IMo.08)09PEA0.1Snls  Sn-PSC with a PCE of Fig. 2. Anisotropic photoconductivity of
7.22%. Our results provide a basis for exploring A-site ,y"pgr
cation mixing in Sn-PSCs for improving their
performance.

Two-dimensional pseudo (quasi) perovskites, such as Ruddlesden—Popper (RP) and Dion—
Jacobson (DJ) perovskites, have garnered significant attention. Controlling the orientation of
their layered crystallites is key to vertical charge transport in two-dimensional (2D) PSCs;
however, their detailed electronic properties are yet to be fully understood. We investigated the
effect of processing additives (ammonium salts: NH4Cl, NH4Br, NH4Cl, NH4SCN, and
CH3NH3SCN with/without alkali metal salts (NaCl, KCl, RbCl, and CsCl) in water) on the
crystallographic nature and anisotropic microwave photoconductivity of RP and DJ perovskites.
Importantly, a strong correlation (» = 0.882) was observed between the power conversion
efficiencies (1-11%) of inverted PSCs and anisotropic (both out-of-plane and in-plane to the
substrate) photoconductivities for the 34 compositions of additives analyzed herein. These
results underscore the importance of anisotropic mobility in 2D PSCs and could serve as
guidelines for their further development.

[1] E. Nakanishi, R. Nishikubo, F. Ishiwari, T. Nakamura, A. Wakamiya, A. Saeki, ACS

Materials Lett. 2022, 4, 1124,

[2] R. Shimono, R. Nishikubo, F. Ishiwari, A. Saeki, J. Phys. Chem. C 2022, 126, 17894.
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Precise synthesis and viscoelastic properties of ring polymers with high
purity and high molecular weight

Atsushi Takano Nagoya University

Introduction A ring polymer has topologically interesting structure with no chain ends and it is considered as
a model polymer to clarify the topological effect on physical properties such as viscoelastic properties. The
dynamics of ring polymers were theoretically predicted by several models such as lattice-animal (LA) model'
and fractal loopy globule (FLG) model?, when their molecular weights are high enough to penetrate each other
and form a certain entanglement. But high molecular weight ring polymers have not been synthesized
experimentally so far because of the synthetic difficulty. In this study, ring polybutadienes with relatively high
molecular weight and high ring purity was prepared, and the melt rheology was measured and the dynamics
of high molecular weight ring polymers was discussed.

Experimental A series of ring polybutadienes with the molecular weight ranging 10k<Mw<50k and with high
ring purity (>99.5%) were carefully prepared by anionic polymerization and HPLC separation techniques®.
Purity of Ring samples was checked by interaction chromatography (IC) analyses>.

Results and Discussion The dynamic viscoelastic measurements of the ring PBs and also linear counterparts
were carried out. Figure 1 shows the angular frequency w dependence of the storage and loss moduli, G’(w)
and G”(w) for high molecular weight sample, ring-50k, compared with the linear counterpart (linear-50k). The
entanglement molecular weight (M.) of PBs was calculated from G% as M~=2.1k. Linear-50k exhibits
relatively long rubbery plateaus since the entanglement number is larger (M,~=50k=23M.), while ring-50k also

revealed rubbery plateaus with lower

g
storage/loss moduli than those for .
7 ol ]
. . . 1
linears. Actually the longest relaxation = A - L
. . . &ﬁ. --__,_,...“n.-oi-liiau
times for the ring-50k and linear-50k s - ik
qus | \_o;“mwmfm::?f;:ﬂ'!‘
are almost comparable, therefore it is 2 SOCIRRPTS Fo2 Tl
6 £ oud
L o £o0 .
confirmed that this high molecular = % e ; * G
g o ¢ D) Linear-50k * S,
weight ring PB start entanglement each 3 o y + G
ghtring & . Ring-50k o
other. 2 : - . . . r . .
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1. M, Rubinstein.; Phys. Rev. Lett.
Figure 1: Master curves of G’and G” for ring/linear PBs
1986, 24, 3023-3026 (Mw=50Kk) at Tyer.=-15°C.
2. T, Ge.; S, Panyukov.; M, Rubinstein.;
Macromolecules. 2016, 49, 708-722
3. Y, Doi.; K, Matsubara.; Y, Ohta.; T, Nakano.; D, Kawaguchi.; Y, Takahashi.; A, Takano.; Y, Matsushita.;

Macromolecules. 2015,48,3140-3147
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Exploration of Cycloaddition Properties of Guanidine Functionalized Isatins

Davor Margetic Rudjer Boskovic Institute

Objectives
Synthesis of novel guanidinium isatin reagents and investigation of their reactivity for fullerene

derivatization with partner ICR researcher Professor Murata Yasujiro.

Experimental results. Synthetic route to guanidino functionalized isatins was established.
Synthetically most productive procedure (Scheme 1) is two-step reaction from 4-nitroisatine,
which by reduction afforded amino 4-aminoisoindole 1. The guanylation reaction of 1 carried
out in ball mill mechanochemically using N, N'-bis-Boc-1-pyrazole-1-carboxamidine provided
guanidine 2. Intermediate isatine azomethine ylides were prepared in situ from 2 by the addition
of sarcosine 3 and several reactions were carried out to investigate their cycloaddition reactivity
with dipolarophiles. With reactive N-methylmaleimide and norbornene cyclobutene diesters, the
cycloadducts were obtained stereospecifically, whereas reaction with fullerene Cso afforded
pyrrolidine cycloadducts 4 as single product. Fullerene was readily reacted with isatine, nitro
isatine and Boc-protected guanidine-isatine providing functional derivatives of 4. All new

products were spectroscopically fully determined ('H, '*C NMR, and IR or MS).

NBoc

N L Me. ~
H,N 0 ¢_N"NHBoc g 0 N 3‘302”
L9 [ . 0 * Cep ——— o
ﬁ Ball-milling H Ball-milling or

1 2 Tol/EtOH 80°C
R= BocaGu

4 R= H, NO,, Boc,Gu

Scheme 1

Theoretical results. Experimental results were corroborated with computational study. Density
functional (DFT) calculations using HF/6-31G(d,p)//M062X/6-31G(d,p) SMD(EtOH) method
were carried out to predict the influence of guanidine substituent on the reactivity of isatine
derivatives. Relative 1,3-dipolar cycloaddition reactivity of isatins was estimated from ground
state calculations of energies of highest-occupied molecular orbitals (HOMO) of azomethine
ylides. No significant influence of substituents on the reactivity of isatin azomethine ylides was
determined, which is in good accordance with experimental results.

Planned travel to visit ICR was organized in January and lecture at ICR was held on January

24, 2023. The results of the projects were also presented at the Tokyo Metropolitan University.
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Synthesis of Novel Nanotube Molecules with Different Hole Directions
by Introducing a Double Heptalene Structure

Chaolumen Inner Mongolia University

Exploring efficient synthesis and novel properties of polycyclic aromatics with pentagons are
significantly important for developing new optoelectronic materials. In 2015, we found that 5,11-
diphenyltetracene can smoothly undergo an oxidative coupling under the Scholl cyclization conditions
to give tetrabenzo-fused pyracylene (TBP), which can further react with n-BuLi and n-Bul to give a

1,4-adduct (1) with unique emissive properties in a solid state (Scheme 1).

Scheme 1. Synthesis and Properties of TBP

nBu S D in toluene crystals

52 o

ooae ooee Ny #
O | | [

@ = 0.88

& = 0.99

5,11-diphenytetracene 1, R = n-Butyl
Chaolumen, M. Murata, Y. Sugano, A. Wakamiya, Y. Murata, Angew. Chem. Int. Ed. 2015, 54, 9308-9312.

In this project, we focus on synthesis and properties of novel molecular nanocarbons containing
non-hexagonal rings. The research outcomes are shown below.

Although 5,11-diphenyltetracene can proceed effecient cyclization under the Scholl conditions
with an excellent yield, 5,11-dinaphthyltetracene (2) afforded an unexpected product 3 with a very
low yield of 4%. The X-ray diffraction analysis disclosed that one naphthyl group migrated during the
oxidative cyclization. Delightfully, a newly proposed precursor, i.e., 5,12-dinaphthyltetracene (4), can
readily give 3 with an excellent yield of 90%. The synthesis of the related aromatic compounds with
extended m-conjugation motifs is currently ongoing. We believe that this strategy opens a new window
for us to explore various molecular nanocarbons containing non-hexagonal rings.

As mentioned in Scheme 1, although the 1,4-adduct of TBP exhibited intriguing emissive
properties, the synthesis of TBP is expensive and further functionalization of 1 is rather difficult.
During the course of this project, we found that indeno[1,2,3-cd]fluoranthene also can undergo the
similar 1,4-addition to give dialkylindeno[1,2,3-cd]fluoranthene 5. The X-ray crystallographic
analysis revealed that 5 contains an isolated C=C bond, which is expected to be further functionalized
toward the synthesis of new optoelectronic materials. Accumulating these findings, we are planning
to construct novel nanocarbons such as tubular molecules containing non-hexagonal rings. In this
research, all of X-ray crystallographic analysis were performed by Dr. Hashikawa at Institute for

Chemical Research, Kyoto University.
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Dinitrogen Fixation Based on
Nickel—Z-type (c-Electron Acceptor) Ligand

Hajime Kameo Osaka Metropolitan University

Purpose
Nickel has been R"(RCleto)  2NRs!
considered unsuitable as a smooth N2 N, P O
Cooridnationﬂ: Multi- P PPh, PPh,
; w, P Electron P P _ 62
catalyst for the reduction of P i : ‘ O O
P ! P
ini ; = Ni - Ph,P
dinitrogen due to its low ®-Ni - , 2
@=8 Al Ga 2 1
nitrogen afﬁl’lity and low Accumulated Electron Multi-electron Transfer ®= B, Al, Ga
Density in M—Z Bond to Dinitrogen P,Z-type Ligand

reduction potential. On the

other hand. its characteristics Figure 1 Nz uptake and multi-electron transfer to N2 ligand.

are potentially able to create energy-saving catalysts that work with only a small amount of overvoltage. |
considered the possibility that the o-electron-accepting (Z-type) ligand could enhance the electrophilicity of
the Ni center via the Ni—Z bond, facilitating the uptake of dinitrogen (Figure 1). In addition, the flexible
Ni—Z bond interaction was expected to induce the multi-electron transfer necessary for the reduction of
dinitrogen. Previously, Group 13 element-based multidentate ligand 1% (E = B, Al, Ga) was developed, and
Ni(0) complexes bearing 17 were found to afford rare nickel dinitrogen complex 2%. The present study aims

to achieve the transformation of dinitrogen using nickel complexes 2% under mild reaction conditions as is

done by enzymes.

Experimental Methods and Results

Cyclic voltammetry measurements were performed Eq5 (vs FclFc*)

N
) ) |2 p Complexes  Ni(0/)  Ni(-1/0)
on complexes 2% for developing the reduction of p— i |
—; Z=B 0.024 V -
dinitrogen on the Ni center. A reversible redox wave Z=Al 0.172V -
ra Z=Ga 0347V 1426V

based on one-electron oxidation Ni(0/I) was observed

in 27 (Figure 2). Interestingly, the redox waves (E1/2) Figure 2. Cyclic Voltammetry of 2% (in THF).
shifted to higher potentials in the order 14! (24 mV) < 162 (172 mV) < 18 (347 mV), suggesting that the borane
ligand enhanced the electrophilicity of the Ni center most efficiently. Importantly, a reversible redox wave
based on one-electron reduction Ni(-1/0) was also observed in the Ga system (26*: —1426 mV), despite of the

Ni(0) states of 262, Although some attempts to isolate the reduction products of 26 were unsuccessful at this

stage, it is worth noting the possibility of the reduction of the

SiMe;Cl, KCg
N T N(SiMe3)s N, ligand. Also, catalytic dinitrogen silylation was
cat.
N Ny investigated using 2% as catalysts, but the reproducibility
P

P
P—@Co/\\P ﬁ)(E] P—@C|o/\\ [(P(E] could not be guaranteed. Hence, Co analogs 3% (E = B, Ga)

P
\_M of 2% were prepared and employed as catalysts (Figure 3).

38 (TON: 52) 3%2 (TON: 71) Here, good catalytic activities were observed (TON: 52 for 3B,
E =[2.2.2]cryptand

71 for 36%). Manuscript is in preparation for reporting the
Figure 3 Catalytic silylation of N-.

results described here.
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Figure 1. VCD spectra of a) PVMS-Cys and b) s- PMMA/PVMS-

T % (Figure 1¢),
1. Hirai et al., Chem. Lett., 2022, 51,
281 Cys inclusion complex. ¢) Schematic illustration for this work.

2. Hirai et al., J. Polym. Sci., 2022, 60, 766.
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Synthesis of Highly Strained Macrocyclic n-Conjugated Molecules via a
Multinuclear Au(I)-Pt(IT) complex

Yoshitaka Tsuchido Tokyo University of Science

[#]Cycloparaphenylenes ([#]CPPs, where n is the number of phenylene groups), consisting of 1,4-linked
phenylene unit, are macrocyclic organic molecules, which have attracted much attention due to their unique 7 -
conjugated structures and physical properties. We have developed a new CPP synthesis method via a macrocyclic
gold complex and have succeeded in synthesizing [#]CPPs containing phenylene groups with multiples of three (n
=6,9, 12, 15) within short reaction steps and in high yields. A notable feature of this method is that the formation
of macrocyclic gold complexes, proceeds with extremely high efficiency. We found from our kinetic experiments
with acyclic dinuclear gold biaryl complexes that the Au-C bonds are exchanged rapidly between the complexes,
thus causing the macrocyclization to proceed efficiently. In this study, we developed a new CPP synthesis method
utilizing the Au-C bonds, a new dynamic covalent bond that we discovered. Mixing two macrocyclic gold
complexes with terphenylene or quarterphenylene linkers at 50 °C, followed by the reductive elimination upon
addition of PhICl,, resulted in the selective formation of four [#]CPPs (n =9, 10, 11, and 12) (Figure 1a). The
presence of the gold complexes bearing two different phenylene linkers were experimentally confirmed by Fourier
transform ion cyclotron resonance (FT-ICR) MALDI-TOF MS measurement of the crude products after mixing at
50 °C (Figure 1b). These results indicate that macrocyclic gold complexes are reorganized by intermolecular Au-C
bond exchanges. This synthetic method is applicable not only to oligophenylene linkers but also to various arylene

linkers containing such as fused aromatic rings, and various nanohoops have also been successfully synthesized.

b [3,3.4]
(a) ’ ( ) [3,3,3)Au-3) [M+H]* _
s 3169010 X=MeNH
2 MHX] .
3136.878 /’;\
) & 4
(1.0 equiv.) Boosdy
[4,4,3] B
&
S n [M+H]* /é‘;
002,970 e %
[M+H)* & el
VVVVV [M+X]*  B245.061 444
M+X]" (Au-4)

oSy LI O yA/\

A
<P\x " (\

o'y @ Cva A Q)

(1.0 equiv.) ¢

oy Cy ‘Q

32129100 555

[M+H]*

Reorganized by Dynamic Au(l)-C Bond Exchanges

Figure 1. (a) Synthesis of [n]CPPs (n =9, 10, 11, and 12) via reorganization of macrocyclic Au complexes. (b) FT-

ICR MALDI-TOF MS spectrum of the reaction mixture of two different complexes after mixing at 50 °C.
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Development of Organometallic n-Type Materials with High Electrical
Conductivity

Michihisa Murata Osaka Institute of Technology

Introduction

n-Type semiconducting films are indispensable in organic (opto)electronic devices. The synthesis of solution-
processable n-type organic materials has been attracting growing interest for quite some time, whereby a recent
focus has been placed on their application in flexible thermoelectric generators, which can convert waste heat
into electricity. However, n-type solution-processed films based on organic materials have exhibited serious
issues associated with their instability toward atmospheric oxidation and their low electrical conductivity
(generally < 10 S cm™!). Recently, Guo and Facchetti have reported very high conductivity in an n-type
semiconducting polymer (> 100 S cm™' under N,) by developing a transition-metal-catalyzed n-doping

process.l

Results and Discussion
In this study, we have designed a concise synthetic I
. . . S (S TIx= S S\ /S
route to the n-type nickel coordination complex b: >N< j M*], | O /Ni\ M],
NiT2TT, which contains a thieno[3,2-b]thiophene S S S S S

unit in the ligand. An air-stable n-type composite NIETT NIT2TT

film of NiT2TT and PVDF fabricated using a solution process revealed excellent electrical conductivity (>
200 S cm 1), which is, to the best of our knowledge, the highest value hitherto reported for solution-processed
n-type films of organic or organometallic compounds and polymers.* A grazing-incidence wide-angle X-ray
diffraction (GIWAXD) analysis of the NiT2TT/PVDF film revealed, for the first time, that the orientation of
the nickel coordination complexes in such films can be controlled by the molecular design of the n-conjugated
ligand. In these films, NiT2TT exhibits a n-stacked structure in predominantly the in-plane direction (edge-
on), which stands in contrast to the standard NiETT, in which the n-stacking occurs mainly in the vertical
direction (face-on) along the film. The edge-on orientation of NiT2TT should contribute to the enhanced

conductivity and reasonable n-type thermoelectric properties in the in-plane direction.

References:

1) H. Guo, C.-Y. Yang, X. Zhang, A. Motta, K. Feng, Y. Xia, Y. Shi, Z. Wu, K. Yang, J. Chen, Q. Liao, Y. Tang,
H. Sun, H. Y. Woo, S. Fabiano, A. Facchetti, X. Guo, Nature 2021, 599, 67-73.
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J. Mater. Chem. 4 2020, 8, 12319—-12322.
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Chuang, S. Kawano, M. Murata, J. Am. Chem. Soc. 2022, 144, 18744—18749.
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Non-linear viscoelasticity of unentangled polymers
Giovanni lanniruberto  Universita degli Studi di Napoli “Federico I11”

While extensive studies reveal that the /inear rheological properties of unentangled polymers can
be well reproduced by the Rouse model, there are still lots of unsettled problems on nonlinear
rheological properties. In the Rouse model, a polymer chain is modeled by consecutive beads
connected by Hookean springs. To reproduce the unentangled polymer dynamics, this model considers
three forces, i.e., the spring, frictional, and Brownian forces. We can naively expect that the Rouse
model can be used to predict the nonlinear rheological properties. However, by construction, this
model does not exhibit any nonlinear viscoelastic behavior such as viscosity thinning under shear flow.
Thus, several nonlinear rheological models based on the Rouse model have been proposed. For
example, if the Hookean spring considered in the original Rouse model is replaced with the finitely
extensible nonlinear spring, the modified model predicts shear-rate dependent viscosities, which is in
qualitative agreement with experimental observations. Nevertheless, there are still several
discrepancies between existing theories and experimental results, especially under extensional flow.

In this research project, we planned to develop a molecular-based model for nonlinear rheological
properties of unentangled polymers under both shear and extensional flow. For such a purpose, it might
be required to consider nonlinear factors that characterize the above three forces in the Rouse model.
The team members have been separately developing mesoscopic models and attained success to
reproduce (some) rheological properties. For example, GI developed a Brownian dynamics (BD)
simulation method for the nonlinear rheology of unentangled polymers and considered the change of
monomeric friction accompanied by segmental orientation [1]. TS and his group members at the ICR
have formulated the nonlinear effects associated with the above three forces [2].

Our group and the molecular rheology group at the ICR independently conducted the research
activity while sharing information via several online meetings this year. We have discussed the BD
simulation method with the effects of the finite extensibility, the friction reduction, and the Brownian
force intensity variation. While it is possible to develop a simulation code at the BD level, the difficulty
lies in how to validate the simulation results. Currently, the molecular rheology group is conducting
combined rheological and dielectric measurements to provide the detailed dynamical properties of
unentangled polymers. Moreover, TS has started molecular dynamics simulations to obtain
microscopic structures under flow. In the future, we hope to unify these experimental and numerical
results for a further understanding of the rheology of unentangled and even entangled polymers.
References:

[1] G. Ianniruberto and G. Marrucci, Macromolecules, 53, 1338 (2020).
[2] T. Sato, Y. Kwon, Y. Matsumiya, and H. Watanabe, Phys. Fluids, 33, 063106 (2021).
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Nonlinear Extensional Rheology of Entangled Poly(n-alkyl methacrylate)
Melts with Fixed Number of Entanglements and Kuhn Segments per Chain

Shilong Wu  Chinese Academy of Sciences

Understanding of the non-linear rheology of polymer melts is essential in optimizing their processing conditions,
particularly in fiber spinning and membrane blowing processes where elongational flow is dominant. Although structure
and dynamics of polymer melts have been extensively studied in the past half century, studies of their nonlinear rheological
behavior, in particular the elongational behavior under fast flow, are still quite limited. Thus, we have collaborated with
Profs. Watanabe, with a support from the collaborative research program of ICR, Kyoto University in 2022 (Grant No.

2022-51), to examine characteristic elongational features of polymer melts.

In this study, we investigated the effect(s) of side chain length distribution on the transient elongational hardening behavior
of polymer melts. For either entangled or unentangled system, we successfully prepared three polymers, poly(butyl
methacrylate), poly(methyl methacrylate-co-hexyl methacrylate), and poly(methyl methacrylate-co-lauryl methacrylate),
abbreviated as PBMA, P(MMA-co-HMA), and P(MMA-co-LMA). These samples exhibited a similarity of their linear
viscoelastic behavior.

For nonlinear extensional rheology, as shown in Figure right, the transient 10°

P(MMA-co-LMA)-72%
P(MMA-co-HMA)-47% 78°C
PBMA

strain hardening is enhanced on an increase of the side chain length
distribution Those differences are most clearly noted in the top panel of Fig.
3, where 7e" is directly compared for the three samples (Vader 1000).

namely, in the order of PBMA < P(MMA-co-HMA) < P(MMA-co-LMA):

The side chain would have behaved as a “solvent” to weaken the frictional

reduction and enhance the hardening. For PBMA, the short monodisperse

side chains as a whole always stay near the backbone, thus they should (@) 01 ! 10

Wiy

exhibit a stronger orientational correlation with the backbone thereby 0.1 ! _;_‘_J ( )10“ 1000
me (s
suppressing the strain hardening. In contrast, for P(MMA-co-HMA) and
P(MMA-co-LMA), the outer part of the long side chains is located far away from the backbone and would have a rather

isotropic conformation not correlated with the backbone. For this case, the outer part of the side chains should behave as the

solvent to enhance the hardening, in particular for P(IMMA-co-LMA) having the largest fraction of that part.

Shilong Wu, Hiroshi Watanabe, Quan Chen, Side-Chain Length Distribution Promotes Transient Elongational Hardening of

Polymer Melts, Physical Review Letters, under review.
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Trace metal elemental and isotopic composition in the North Pacific Ocean:
sources and internal cycling (3)

Tung-Yuan Ho Academia Sinica

Objectives:
The major objective of this extended joint study is to investigate the sources and internal cycling

of dissolved and particulate trace metals in the water column of the Northwestern and subarctic
Pacific Ocean and to evaluate the impacts of lithogenic and anthropogenic aerosols on the

cycling processes. Prof. Yoshiki Sohrin is my host at ICR, Kyoto University.

Methods:

We have joined two Japanese GEOTRACES cruises, KH11-7 and KH15-3, with Prof. Yoshiki
Sohrin’s and other Japanese research groups in the subarctic North Pacific Ocean. We have
collected seawater and particulate samples in the oceanic regions during the cruises. Both
dissolved and suspended particulate samples were collected for trace metal elemental and
isotopic composition analysis. Elemental and isotopic composition of trace metals have been
determined by my Ph.D. students (W.-H. Liao and C.-C. Hsieh) by using HR-ICPMS and MC-
ICPMS. The detailed information of the sampling and pretreatment are described in our previous

two published papers.

Result and Discussions:

The details of the results and discussions are under preparation. Chih-Chiang Hsieh, my current
Ph.D. student, has finished the measurement of Fe isotopic composition in the samples and is
writing the manuscript. We found that the quantitative contribution of lithogenic aerosols still
play a dominant role for the deposition fluxes of dissolvable aerosol Fe in the studied region due

to their high mass fraction and deposition rates (Hsieh et al. in prep).

Publications:

In spite of the limitation of Covid-19 pandemics on in person visit, Prof. Sohrin’s and my
laboratory members have still kept close interaction in the research topics proposed. In 2022, we
have published a paper in Marine Chemistry. Two other collaborative papers are under
preparation. I am also deeply honored to receive the 2022 Oceanochemistry Award, partially

attributed to my close collaboration with many renowned Japanese chemical oceanographers.

Takano, S., W.-H. Liao, T.-Y. Ho, and Y. Sohrin (2022) Isotopic evolution of dissolved Ni, Cu,
and Zn along the Kuroshio through the East China Sea. Marine Chemistry doi.org/10.1016/
j-marchem. 2022.104135.

Ho, T.-Y. (2022) Multidisciplinary study of trace metal biogeochemistry in the ocean.
Transactions of The Research Institute of Oceanochemistry 35:2, 85-98.
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Resolving the structure-dynamics-property relationship in polymer
nanocomposites under uniaxial stretching-1I

Tadanori Koga Stony Brook University

Objective. The addition of nanoparticles (NPs) to a polymer matrix is a simple route to improving the mechanical
property and designing next-generation polymer nanocomposites (PNCs). The key role in this phenomenon is
ascribed to polymer chains (physically) adsorbed on the NP surface (“bound polymer”) that act as tight polymer-
mediated bridges between neighboring NPs at high NP loadings above the percolation threshold, leading to a
network-like microstructure that reinforces the PNCs. However, a comprehensive understanding of the complex
role of polymer bridges in reinforcement under deformation remains unsolved due to the lack of experimental tools
capable of providing structural and dynamic information at the relevant length and time scales. Here we tackle the
challenge to probe the collective motions of NPs associated with bridging network formation under oscillatory
tensile deformation using speckle echo X-ray photon correlation spectroscopy (XPCS).

Experimental. The so-called speckle echo XPCS technique under oscillatory shear allows us to capture the
irreversible nanoscopic rearrangements of NPs associated with the yielding of a material'. Calcium carbonate (the
size of 30 nm, the filler loading (x) =20%, which is above the gel point (x. = 16 vol%)) filled cross-linked silicone
elastomer was used. XPCS probes the dynamics over a wide range of timescales (107 < ¢ < 10° seconds that is
commensurate with the time window for rheology). When the structure and
corresponding dynamics of NPs change (“out-of-equilibrium”) on the time

scale of experiments, a one-time correlation function, g», which describes smmd_) ® & @ @ @& @
the equilibrium dynamics of NPs, does not correctly describe such a | R
phenomenon. Therefore, a two-time correlation function is necessary, O R T T O T S
which defines the intensity-intensity autocorrelation for any respective — t
times #; and #, in the time series. The details have been described Reversible elastic deformation
elsewhere.? The samples were subjected to oscillatory tensile deformation . (b) |
at room temperature. e LWL
Results. We captured speckle patterns and compared them at a given strain =~ % | ‘ J j '
amplitude and oscillation frequency (Fig. la) from which g, was

determined in the directions parallel and perpendicular to the stretching PE T tmeg
direction. g, displays periodic peaks corresponding to “echoes” in the L meanreretsible plastic deformation
speckle patterns (Fig. 1b). The change in strain between extrema leads to PR elastic ©
gradients in the particle displacements that significantly alter the speckle =11 I 4
pattern even for modest strain values. Thus, go =~ 1 at = (n + 12)T (Fig.  ° 105 p{WM

1b), where n is an integer (periods of oscillation), and 7'is a repeat time for

the strain (~ 15 s for the test). On the other hand, at = nT, the strain returns, CoER © o

and the speckle pattern is recovered, causing g» to increase above one (Fig.
1b). If the deformation is linear and reversible, echoes follow the
equilibrium static dynamics (indicated by the dotted line in Fig. 1b).
Instead, if the deformation is not linear, echoes peaks are reduced (Fig. 1c¢).

Fig. 1. (a) Schematic of a strain profile
using the tensible stage. The strain is
ramped back and forth between 0%
and a given value and held constant at

This attenuation provides a measure of the “nanoscopic” irreversibility of ecach extreme for about 5s during
filler rearrangements. Hence, the results clearly indicate that deformation which an X-ray exposure was
plays no role in the decorrelation at this strain amplitude, while the obtained. Representative echoes in the
significant irreversible rearrangements of NPs occur in the parallel g functions for cross-linked calcium
direction even when the macroscopic response is still in the linear response carbonate filled silicone measured at
regime. The XPCS data will be correlated with the macroscopic room temperature are shown: (b) in the

vertical direction and (c) in the parallel
direction during application of quasi-
oscillatory strain with y=0.5% at ¢ =
0.023 nm'. The degree of the
correlation of echoes reflects how

mechanical properties which will be measured ex-situ by using a
rheometer. These studies will shed light on a connection between nano-
irreversibility and macroscopic nonlinear deformation, ultimately allowing
us to establish the microscopic criteria for measuring the degree of internal

material failure non-destructively. similar the nanoscale structure is
References between two strain plateaus (e.g.,
1. Rogers, M. C.; Chen, K.; Andrzejewski, L.; Narayanan, S.; strain plateaus (“0” and “2”) and (“0”
Ramakrishnan, S.; Leheny, R. L.; Harden, J. L., Echoes in x-ray speckles and “4”) shown in (b) and “0”
track nanometer-scale plastic events in colloidal gels under shear, Phys. corresponding to the initial state of the
Rev. E, 90, 062310, 2014. sample).

2. Yavitt, B. M.; Wiegart, L..; Salatto, D.; Huang, Z.; Endoh, M.
K.; Poeller, S.; Petrash, S.; Koga, T., Structural dynamics in UV curable resins resolved by in situ 3D printing
X-ray photon correlation spectroscopy, ACS Appl. Polym. Mater., 2, 4096-4108, 2020.
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High Frequency Response of Polymeric Liquids:
Rheology and Dielectric Relaxation

Sathish K. Sukumaran Yamagata University

Experiments performed under isothermal conditions are typically used to investigate the
response of polymeric liquids to imposed fields. Needless to add, the interpretation of the
experimental results relies on the assumption that the system temperature is not altered by the
imposed field and remains uniform throughout the system. Therefore, the isothermal response
functions are appropriate descriptor for any quantitative analysis of the system. However, if the
experimental time scale is shorter than the thermal equilibration time scale, the assumptions of
constant and uniform temperature are likely to become invalid. An experimentally relevant
case is the response at high frequencies/short times where, adiabatic response functions might
be more appropriate. To investigate this, the theoretical and experimental expertise of ICR
(Sato), and the computational, theoretical and experimental expertise of international (Chen,
Watanabe; Changchun) and domestic (Masubuchi; Nagoya) researchers were combined to form

a collaboration between ICR and several international and domestic research partners.

The effect of imposing isothermal and adiabatic conditions on the linear dynamics and
viscoelasticity of an unentangled polymer melt was investigated. The polymer chains were
modelled as Lennard-Jones beads connected by finitely extensible nonlinear elastic springs and
the motion of the beads were simulated using molecular dynamics (Kremer-Grest model).
Isothermal conditions (NVT ensemble) were simulated by using a Langevin thermostat to
control and maintain the temperature. In the adiabatic simulations, the system was decoupled
from the thermostat thereby preventing energy exchange and thermal equilibration. Oscillatory
shear deformation of sufficiently small amplitude (linear regime) was imposed at several
frequencies and the storage modulus, G’, and the loss modulus, G”, were determined.
Negligible difference was found between the isothermal and the adiabatic G’ and G”. This
implied that, at least in the linear regime investigated here, the imposed conditions had
negligible effect on the relaxation times or equivalently, the dynamics of the polymer chains.
Under adiabatic conditions however, the system temperature progressively increased with time
and the temperature increase under high frequency oscillatory shear deformation was
significantly larger than under low frequencies. Needless to add, the increase in temperature
under adiabatic conditions cannot be sustained indefinitely without affecting both the state of
the system and its response to the external field and therefore, clearly unphysical. We are
currently investigating the response when the shear (oscillatory and step) is applied for longer
times. Based on these results, we plan to investigate the more interesting but significantly more

difficult nonlinear response regime in the future.
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Control of Mechanical Properties in Polymer Blend Materials by Hydrogen
Bonding Interaction

Osamu Urakawa Osaka University

It has long been known that introducing specific attractive interactions, such as hydrogen
bonding, into a compatible polymer blend can enhance its thermal and mechanical properties'.
However, the quantitative relationship between the strength of the interaction and the rheological
properties has not yet been established especially for the entangled systems. In this study we
examined rheological behaviors for miscible polymer blends, poly(2-vinyl pyridine) / poly(4-vinyl
phenol) (2VPy/VPh), in which intermolecular hydrogen bonds play an important role’. The
molecular weight of the 2VPy (2VPy182) was Mw=1.82x10°, higher than the entanglement-
molecular-weight Me, while those of VPhs were My=1.9x10* (VPh2) and Myw=4.5%10° (VPh5),
both lower than Me. In the mixture of 2VPy/VPh, only the 2VPy chains entangle each other, and
the low molecular weight VPh can be regarded as a diluent.

We found that the time-temperature superposition principle approximately holds, and
composite curves of the complex moduli could be constructed. WLF equation with a single
parameter set (cl and c2) could represent their shift factors by setting the reference temperatures 7r*
to be Tp+64°C, where Ty is the glass transition temperature of each blend. Figure 1 shows the
composite curves of storage moduli G’ at 7+* for 2VPy182/VPhS5 blends with several compositions.
The rubbery plateau modulus Gn observed in the frequency between 10! s and 10? s! decreased
with decreasing the 2VPy concentration (the weight fraction wavey ~ volume fraction ¢ was varied
from 1 to 0), according to the following relationship: Gx ~ wavpy?. This means that the entanglement
density decreases simply by the dilution effect, even though hydrogen bonds between VPh and
2VPy exist. Contrary, the zero shear viscosity 7o and the cross point relaxation time zx (determined
from the frequency at which G' = G") show weaker concentration dependence than polymer /
diluent systems. As shown in Figure 2, the following relations were confirmed: 7o~ wavey'® and zx~
wavpy’>2. These exponents are smaller than the ordinary solution values®: 7o~ > and 7~ '3,
suggesting that the terminal flow of the 2VPy/VPh blends is affected by the hydrogen-bonded
associates.

10 L s S B S B I — T 6.5 y T T
,L 2VPyl82/VPh5 e J e 5, W 7, (2VPyI82/VPhS)
B 4 it ani | © 5, O 7, (2VPyI82/VPh2) ®
L= o0 o
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B | | E
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Figure 2 Dependence of 7y and 7« on the

Figure 1 Composite curves of G' for 2VPy182 blends A
2VPy concentration.

with several compositions.

1 Z. Yang, and C.D. Han, Macromolecules. 49, 153 (2021).
2 O. Urakawa, et al., Nihon Reoroji Gakkaishi (J Soc Rheo Jpn). 49, 155 (2021).
3 R.H. Colby et al., Macromolecules. 24, 3873 (1991).
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Analyzing Structural Fluctuation in Thermally Activated Delayed
Fluorescence Materials with Ultralow-Frequency Raman Spectroscopy

Hikaru Sotome Osaka University

Thermally activated delayed fluorescent (TADF) materials are luminescent materials that can achieve
an internal quantum efficiency of 100% by utilizing the triplet state produced by charge recombination. The
key to this high emission quantum yield is the reverse intersystem crossing (RISC) from the triplet state (T
state) to the fluorescent singlet state (S; state). Recent studies suggest that not only the energy gap between
the S and T, states but also dynamic structural fluctuation contributes to the high RISC efficiency. Such
dynamic structural changes correspond to low-frequency vibrational modes involving the overall molecular
framework, but conventional vibration spectroscopy has difficulty in visualizing the above nuclear
displacements due to the limited detection wavenumber region. In the present work, to elucidate the role of
low-frequency vibrational modes in the RISC process we have analyzed such vibrational modes using Raman
spectroscopy in the ultralow-frequency region down to 5 cm™.

We first measured Raman spectra of powder MA-TA (Figure 1a), which is a blue emissive TADF
molecule recently developed in Kaji group (Kyoto Univ., ICR), and compared with those obtained from
quantum chemical calculation. Figure 1b shows experimental and calculated Raman spectra of MA-TA. Five
low-frequency modes were observed at 18, 46, 66, 81 and 122 cm’', and this spectral pattern was well
reproduced by calculated one of a single MA-TA molecule. This result indicates that we can analyze the low-
frequency modes involved in the overall molecular skeleton free from lattice phonon modes. To identify the
vibrational modes assisting RISC, we calculated nuclear displacement vector in the conversion from the T,
state to the S; state. The magnitudes are plotted as a function of normal mode frequencies, as shown in Figure
lc. Two modes at 13 and 16 cm™!, which correspond to the experimentally observed mode at 18 cm™, show
prominent amplitude. These vibrational modes are ascribable to relative rotation between MA and TA units. A
series of the results show that this rotational motion promotes the efficient T-S; conversion and a key nuclear

displacement in the RISC process.
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Figure 1. (a) Chemical structure of MA-TA. (b) Experimental and calculated (scaled by 1.2) Raman spectra.
(c) Magnitude of nuclear displacement vectors in RISC. The vibrational modes at 13 and 16 cm™ are depicted.
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Effect of microplastics on the distribution of trace heavy metals in seawater

Yuzuru Nakaguchi Kindai University

Purpose) Trace metals were play an important role in marine biogeochemistry. These elements exist as the
dissolved state (dMs) and labile particulate (IpMs) in seawater. The particulate matter in seawater includes metal
oxides, hydroxides, sulfates, carbonate compounds, mineral particles, and biological particles. In recent years,
microplastics produced by UV degradation and weathering have been added to particulate matter in seawater.
However, the detail relationship between trace metals and microplastics remain unknown. In this research, In
this study, we targeted Osaka Bay, Yodo River and Yamato River, which is greatly affected by human activities.
In order to clarify the relationship between the trace metal speciation and microplastics, we determined trace
metals and microplastics in seawater.

Experimental) Sea water samples were collected by Niskin sampler in September. 28 in 2022 and February 1 in
2023. River water samples were collected at the Yodo and Yamato River in June, August and October in 2022.
All sea water samples were transferred to precleaned LDPE Nalgene bottles. Unfiltered samples were directly
collected from Niskin bottles to determine the concentrations of total dissolvable trace metals (tdMs). Some
portions of samples were filtered through PTFE membrane filters with pore size 0.22 pm to determine the
concentrations of dissolved trace metals (dMs). All the filtered and unfiltered samples for trace metals were
acidified with 20% HCIl (Tamapure AA-10) to achieve a final HCI concentration of 0.010 mol/kg (pH ~2.2).
Nutrients were determined by autoanalyzer. Chlorophyll a was determined by high performance liquid
chromatography. The trace metals were preconcentrated using a chelating resin which ethylenediaminetriacetic
and iminodiacetic acids were immobilized. Trace metals are determined by a high-resolution ICP-MS (HR-ICP-
MS) equipped with a magnetic sector mass spectrometer. The sample solutions for microplastics were filtered
by PTFE membrane filters with pore size 5.0 um. After filtration, the samples with filters transferred to
separatory funnel. A saturated Nal solution was added to the separating funnel, and the microplastics were
separated by the difference of density. After separation, the organic matters remaining in the sample were
decomposed by mixed acid (HNO3;+HCIO4+HF). Microplastics were identified by Microscopic Raman
photoluminescence system.

Results and discussions) The load of MP which supplied from the Yodo River to Osaka Bay was estimated. The
weight of MP were measured by size as MPfine (particle size <100 pm), MPcoarse (particle size from 100 pm
to 4.75 mm). The average loads of MP were calculated to be 43.0 ton/year for MPfine and 13.2 ton/year for
MPcoarse from the concentration of MP and the river discharge of the Yodo River.

Achievement report) Nakaguchi, Y., Sakamoto, A., Asatani, T., Minami, T., Shitashima,K., Sohrine, Y.
Distribution and stoichiometry of Al, Mn, Fe, Co, Ni, Cu, Zn, Cd, and Pb in the Seas of Japan and Okhotsk. Mar.
Chem. 241, 104108, doi.org/10.1016/j.marchem. 2022.104108 (2022)
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Exploration of liquid membrane transportation of metal ions with a polymer
membrane containing ionic liquid by use of electric field response of ions

Hiroshi Mukai Kyoto University of Education

[Introduction] Liquid-liquid extraction is one of the useful methods for metal recycling which is getting
more important for sustainable use of metal resources. Hence, liquid membrane transportation of metal ions
using a thin layer of a liquid membrane (LM) instead of an organic solvent is an alternative method of liquid-
liquid extraction which use a large amount of harmful organic solvents and valuable carrier molecules. This
LM method is expected to reduce these risks and costs. In our previous work, an almost quantitative
transportation of copper (I1I) ions using polyvinyl chloride (PVC) membrane containing ionic liquid (IL) was
achieved. However, the flow rate of metal ions was not sufficient for practical use. In order to improve the
flow rate, the use of electric field response of the ions in IL was attempted. Week alternating current by ionic
conduction of IL was generated through a LM by two mesh electrodes located at both sides of the LM. This
electric field response of IL ions in a LM was expected to stir the LM phase and to promote the diffusion of
metal species transported. The influence of the electric field response to metal transportations was examined.

[Experimental] (1) Preparation of membranes: 1-Phenyl-3-methyl-4-benzoylpyrazol-5-one (PMBP) was

dissolved in 1-butyl-3-dodecylimidazolium bis(trifluoromethanesulfonyl)imide ([C4Ci2im][Tf:N]) at the
concentration of 0.005 mol kg™!. This solution of 1.0 g and PVC of 0.1 g was dissolved in tetrahydrofuran of

5 g in the glass petri dish of 49 mm inner diameter and were dried. (2) LM transportation: The membrane (38.5

mm in diameter) was fixed at the center of a U-shaped reaction tube of PVC. The 30 cm® of aqueous supplying
phase ([Fe(NOs)3] = 2.0 X 10 mol dm™, [CH;COONa] = 0.01 mol dm™, [NaClO4] = 0.1 mol dm™, pH 5.0)
and the 30 cm® of aqueous receiving phase ((CH;COONa] = 0.01 mol dm™, [NaClO4] = 0.1 mol dm~, [HNO]
= 0.1 M, pH 1) were poured into each part of the reaction tube separated by the membrane, which was put
between copper mesh electrodes (32 mm in diameter) with 0.5 V alternating voltage. After 24 hours, the pH
values, the volumes and the Fe concentrations of the supplying and receiving aqueous phases were measured.
[Results and discussion] The fresh mesh electrodes made of copper wires were gradually dissolved in acidic
aqueous media. To prevent the dissolution of copper, the electrodes were used once in the reaction tube under
alternating voltage of 0.5 V before LM transportation of metals. Because of the influence of the dissolution of
copper in the aqueous phases, LM transportation experiments were carried out for iron (III) ions. The
transportation rates of Fe (III) ions after 24 hours under alternating voltage of 0 V and 0.5 V are 0.18 and 0,
respectively, and the removal rates from the receiving phase are 0.81 and 0.56, respectively. Contrary of
expectations, the both of the rates decreased under electric tension probably because of electrode reactions.
The removal of iron (III) ions in the supplying phase by reduction to metal on the electrode and the depletion
of protons on the surface of LM in the receiving phase by reduction to hydrogen are considered as reasons.
[Outcome report] 1. H. Mukai, S. Miyamoto, A. Nishimura, R. Konishi, Y. Sohrin, 71st JSAC annual
meeting abstracts, PA3025 (2022).
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Conformation analysis on polymer in food-grade oil

Noboru Osaka Okayama University of Science

In recent years, in order to reduce the intake of unhealthy fats and oils such as trans-fatty acids and saturated
fatty acids, the development of food-grade oleogels, which consist of unsaturated fatty acids such as oleic acid,
has been rapidly progressing. In our previous work, we performed time-resolved SAXS/WAXS measurements
on macromolecular oleogels to elucidate the gelation mechanism, but due to uncertainties in the analysis, the
structure could not be identified. Therefore, in this subject, we aimed to understand the conformation of
macromolecular chains in fats and oils in detail in dilute systems, and to investigate the concentration,
temperature, and solvent dependence to gain a comprehensive understanding of the structural changes during
gelation. Specifically, ethyl cellulose (EC) was used as an edible polymer, and not only triolein, a fat used in
oleogel, but also methyl oleate and oleic acid as unsaturated fatty acids and ethanol and chloroform as ordinary
organic solvents were used as solvents for comparison.

Ethylcellulose (EC, 45 cP) was supplied from NISSHIN & CO., LTD. Oleic acid (OA, 99%), methyl oleate
(MO, 99%), triolein (TO, 99%), ethanol (99.5 %), and chloroform (99.8 %) were purchased from Sigma-
Aldrich. They were mixed with stirring at the appropriate temperatures. SAXS measurements were carried out
at BL40B2 of SPring-8. The camera length was 4.3 m and the wavelength of X-ray was 0.15 nm except for
chloroform (0.7086 nm). The total exposure time for each sample was about 600 s.

Figure 1 shows the SAXS curves of dilute EC solutions in fat (TO) and fatty acids (OA and MO) at different

T

temperatures. All the curves showed the upturn in low ¢ region, k= EC/OA (5.0 mg/ml, 25 °C)
EC/MO (1.0 mg/ml, 25 °C)

. . . EC/MO (1.0 mg/ml, 100 °C)
suggesting the existence of the higher-order structures even at the 10'F EC/TO (1.0 mg/ml, 25 °C)
b, Y @ EC/TO (1.0 mg/ml, 170 °C)

low concentrations. In particular, the scattering intensities of the EC

Ig)/au.

solutions using TO and MO as solvents increased with cooling,

2
107 E

respectively. While the exponents were almost unchanged to be -4, ;
107 F

the changes in the higher-order structures were detected, which 4 ‘ e
10001 2 3456701 2 345671

would be related to the gelation at the higher EC concentration. The g/ o

Figure 1. SAXS curves of EC in fat and

EC in OA showed the asymptotic behavior as ¢! in the low ¢
fatty acids at various temperatures.

region, which might suggest the rod-like assembly of EC. This

result would be due to the better solubility of OA in EC. 10° EC/chloroform (5.0 mg/ml, 25 °C)
[ EC/ethanol (5.0 mg/ml, 25 °C)
Figure 2 shows the SAXS curves of dilute EC solutions using 10
s 0
5 10 F
ethanol and chloroform as solvents at 25 °C. The EC in ethanol E
S0’
showed a similar curve to that of EC in OA. On the other hand, the B
10° £
EC in chloroform did not show a prominent upturn of the intensity otk
in the low ¢ region, which might suggest that the dissolution of EC w‘(‘) MR '1 s . 1
without forming the higher-order structure. Our results indicated g/nm’

Figure 2. SAXS curves of EC in

that the morphology of EC highly depended on the solvent. ordinary solvents at 25 °C,
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(X GifEEH V) ]
[1] K. Iida, J. Phys. Chem. C, 126, 7492-7499 (2022).
[2] K. Iida, J. Phys. Chem. C, 126, 9466-9474 (2022).
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[3] K. Iida, "Theoretical Study on Heterogeneous Interface under Light and Voltage Bias" IMS-ICAT Joint
Symposium of Surface Science for Catalysis, Hokkaido University., Oct. 11, 2022.

[4] K. Tida "Theoretical and Computational Study on Nanostructures under Light and Voltage Bias" ICAT-FHI

Symposium: New Dimension of Catalytic Surface Study, Hokkaido University., Sep. 16, 2022.
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Identification of active gibberellins in the basal land plant
Marchantia polymorpha

Takayuki Kohchi Kyoto University

Active gibberellins (GAs) are important plant hormones that regulate plant growth and
development. A number of GA-related factors, including biosynthetic enzymes and receptors, have
been identified, and the physiological functions of GAs have been elucidated mainly from
Arabidopsis and rice plants. To systematically understand the origin of GAs and the molecular
evolution of their signaling pathways, we focused on the liverwort, Marchantia polymorpha.
Phylogenetic analysis has shown that M. polymorpha is located at the basal land plant lineage, and
is an excellent model with basic genetic information and technologies. From our previous
experiments, we found that GA signaling factors found in vascular plants are partially present in M.
polymorpha. To identify the active GA, we developed a bioassay of M. polymorpha. Since GA
biosynthetic mutants of M. polymorpha showed the delayed sexual organ formation, we prepared
fractionated samples from extracts of according to the two-phase partitioning method, and conducted
a bioassay using the timing of sexual organ formation as an indicator in collaboration with Dr.
Shinjiro Yamaguchi (co-researcher) and Dr. Kiyoshi Mashiguchi (research collaborator) of the
Institute for Chemical Research, Kyoto University. We found that the fraction in which low polar
acidic substances accumulated showed the activities of restoring the delayed sexual organ formation
of GA biosynthesis mutants. We further analyzed this fraction using HPLC and reverse-phase
columns, and identified a specific subfraction that affected sexual organ formation. We are planning
to determine the structure of the active GA by combining mass spectrometry and NMR. We are also
searching for potential GA receptors by genetic approaches. Mutants of MpSABATHZ, which
possibly encodes an inactivating enzyme of GA, showed severe phenotypes such as dwarfism and
growth inhibition. In order to obtain mutants that suppress these phenotypes, we conducted an EMS
mediated mutant screen. As a result, we could obtain five independent mutants. NGS analysis
revealed a candidate transcription factor (T'F), which was considered to be the causal gene of all the
mutants. Complementation test confirmed that this TF as the causal gene. We plan to investigate

the possibility of the TF as a receptor in the future.

Conference reports

Okabe et al. (2022), Exploration of gibberellin related compounds in liverworts Marchantia polymorpha. The
86th Annual Meeting of the Botanical Society of Japan

Shimokawa et al. (2022), Screen for mutants affecting methyltransferase function related to gibberellins in
Marchantia polymorpha. The 86th Annual Meeting of the Botanical Society of Japan

Shimokawa et al (2023), Exploration for a novel signaling factor of gibberellin in Marchantia polymorpha. The

64th Annual Meeting of the Japanese Society of Plant Physiologists
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Characteristics of quantum magnon in magnetic insulators
Kab-Jin Kim KAIST

Objective:
The aim of the research is to study the characteristic properties of magnon in magnetic

imsulators.

Experimental methods:

We measured magnon propagation in YIG (Yttrium iron garnet), which is a magnetic
insulator, in the frequency/time domain using micro-patterned coplanar waveguide
antennae and a 25 GHz vector network analyzer. We observed the effect of heavy-metal
(HM) distributed Bragg reflector (DBR) on the magnon propagation. We also measured
the magnon excitation mode in the vicinity of the microwave resonator, to investigate
the magnon-photon coupling phenomena. For that, microwave transmission at the YIG
sphere mounted at the center of a ring-shaped NbN-based superconducting microwave

resonator is measured using a VNA and the real-time oscilloscope.

Experimental results:

The magnon spectrum in YIG film shows a distinct magneto-static surface wave
characteristic. By altering its period, we observed the impact of the magnonic DBR
effect on magnonic transmission dispersion. Injection of current through the magnonic
DBR, which applies spin-orbit torques in the YIG layer, suppressed magnon modes that
did not match the period of the HM grating. During the magnon-photon coupling
experiment, we observed a prominent anti-crossing between the magnon and microwave
photon bands, and the Rabi-like oscillation between two coupled magnon modes in YIG
spheres.

Discussion:

The magnonic gating effect plays a crucial role in regulating magnon transport for
future quantum magnonic technology. Using the DBR effect to selectively control
magnon modes opens the possibility of single magnon qubit processing, such as a
magnonic Hadamard gate. The magnon-photon coupling phenomenon and Rabi-like
oscillation between two magnon modes offer potential applications in hybrid quantum

magnonic devices, serving as a quantum interface for future quantum computers.
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Observation of orbital Hall effect in transition metal dichalcogenides

Sanghoon Kim  University of Ulsan

Next-generation memories called as non-volatile RAMs (NVRAM) are demanded to
overcome the speed of DRAM, and storage density of the NAND flash memory.
Magnetoresistive random access memory (MRAM) is a representative next-generation non-
volatile memory and has been successfully commercialized as an embedded type by Samsung
Electronics and TSMC. The MRAM consists of nanometer-sized magnets, and stores
information by using a phenomenon in which a resistance difference occurs depending on the
direction of magnetization directions. In order to increase the energy efficiency of the MRAM,
a high conversion rate from charge to spin current is required. Here, spin current can be
defined as a flow of electrons’ spin angular momentum. The memory using this phenomenon
is called spin-orbit torque (SOT) MRAM because it simultaneously utilizes spin and orbital,
which are the rotational motion and the orbital motion of electrons, respectively. The SOT-
MRAM is considered as the next-generation technology of currently commercialized MRAM,
so research is being focused around the world.

The key to improving the efficiency of spin-orbit torque (SOT) MRAM technology is to
generate a sufficient amount of spin current. Recently proposed orbital-Hall-induced torque
(OHT) can be a candidate to enhance the efficiency because the orbital current jymiwi, as a
result of the orbital Hall effect (OHE), has been expected to be quite larger than the Jopin 1N
some elements.

A research team led by Professor Sanghoon Kim from the Department of Physics at the
University of Ulsan has conducted an international joint research program with Professor
Teruo Ono group at Kyoto University. Using atomic-level thin film deposition technology,
the team fabricated a W/Co/Pt asymmetric artificial superlattice and observed that the
generated spin current was more than 300% higher than that of Pt, an element that has been
studied as important in existing SOT-MRAM. We found that this result is attributed to the
orbital structure of the superlattice. Our result can be a standard approach to observe the

orbital Hall effect in transition metal dichalcogenides. Details can be found in our recent

paper; Adv. Sci. (2023) 2206800.

_65_



2022-66 ([EFE)

Investigation on high efficient spin-orbit torque effect in multilayers
with combine anisotropy and DMI

Alexey Ognev Far Eastern Federal University

Epitaxial [Pd/Co/CoO]n superlattices were grown on the single crystal Si(111)
substrates by the molecular beam epitaxy technique. The samples were grown in an ultrahigh
vacuum chamber (Omicron Nanotechnologies) with pressure P ~ 101 Torr. Si(111)
substrates were prepared by chemical cleaning before loading into the chamber. Each
ferromagnetic layer (Co) was oxidized for 3 minutes in a dry oxygen atmosphere in the
separated chamber which equipped with a gas flow system. The deposition of each following
layer was controlled by recording the RHEED. The magnetic parameters of the samples were
studied using a vibrating sample magnetometer (LakeShore VSM 7410). The study of the
domain structure was carried out using a magneto-optical Kerr microscope (MOKE, Evico
Magnetics) and a magnetic force microscope (MFM, Ntegra Aura) allowing the manipulation

of the magnetic structure by high coercivity magnetic probes.

In epitaxial [Pd/Co/CoO]n superlattices the perpendicular magnetic anisotropy is
observed. The curvature of the loops at values of the applied magnetic field (H) close to
saturation indicates the manifestation of the dipole-dipole interaction between magnetic
layers. The partial oxidation of the Co layer broke the structural inversion symmetry of the
system promoting the existence of the interfacial Dzyaloshinskii-Moriya interaction. The
competitive contributions of the i-DMI, PMA and interlayer dipole-dipole interaction create

conditions favorable for the origin of chiral domains (labyrinth ordering of domain walls).

Magnetic force microscopy is used for
formation the skyrmion lattices from the labyrinth
structure of [Pd/Co/CoO/Pd]n samples, where n =
7 and n = 10 . We demonstrated that of the two-pass
scan by the MFM probe led to the complete
formation of the skyrmion lattice as shown in the
right figures. The size and density of skyrmions
depended on the periodicity of the labyrinth domain
structure and on the distance between two adjacent
scanning lines. These results can be used to create a

novel type of magnetic memory based on skyrmions,

which will allow significantly improve the speed of

reading/writing of information.
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Research on the efficiency enhancement of the NV centers creation in
nanodiamond

Takuya F. Segawa ETH Ziirich

For the life science application, the NV centers in nanodiamonds are significantly interested as
a nanoscale probe for dynamics, magnetic field, electric field, temperature, and pH in a living cell.
Yet, knowledge regarding the formation mechanism in very small particles is still limited. Half-field
signals in electron paramagnetic resonance (EPR) spectroscopy are recorded as a reliable method to
quantify NV~ centers in nanodiamonds. Enhancing the efficiency of creating the NV centers in
nanodiamonds is required for a higher sensitivity of the NV sensor. The investigation of the
mechanism is very important for elucidation and improvement of it.

We measured the EPR spectrum of the NV center in nanodiamonds, which were produced by
various methods. One of the main targets in the project is detonation nanodiamonds (DND), which
our collaborators produced. In Figure 1, half-
field EPR spectra (v = 9.87 GHz) of electron
irradiated DNDs with 2 MeV electrons (dark
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the efficiency of creation of the NV centers in
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shown were background corrected. [1]
Sensor.

Published papers

[1] F. T.-K. So, A. I. Shames, D. Terada, T. Genjo, H. Morishita, I. Ohki, T. Ohshima, S. Onoda, H.
Takahsima, S. Takeuchi, N. Mizuochi, R. Igarashi, M. Shirakawa, T. F. Segawa, The Journal of
Physical Chemistry C, 126 (11), 5206-5217 (2022).

[2] D. Terada, F. T. K. So, B. Hattemdorf, T. Yanagi, E. Osawa, N. Mizuochi, M. Shirakawa, R.
Igarashi, T. F. Segawa, Nanoscale Advances 4, 2268 (2022).
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Research toward stable NV centers at shallow region and spin dynamics in
diamond

Gopalakrishnan Balasubramanian Helmholtz-Zentrum Dresden-Rossendorf

Recently, NV centers in diamond have been significantly interested as a candidate for a
resource for quantum sensing with nanoscale spatial resolution and ultra-high sensitivity. It is because
single spins can be coherently controlled, and the spin coherence times are significantly long even at
room temperature (RT) in the NV center. By utilizing nanoscale shallow NV centers, applications for
nanoscale imaging and nanoscale nuclear magnetic resonance were demonstrated.

Toward these issues, Kyoto University group synthesized Phosphorus doped n-type diamond [1].
To make stable NV centers at shallow regions, the n-type diamond plays important roles in the long
spin-coherence time (72), the stabilization of the charge state, and an improvement of the creation
yield of NV centers formed by the ion-implantation technique [2]. The n-type diamond samples were

synthesized by CVD using tert-butylphosphine,

which is much less toxic than phosphine. Hall ! ' ' '

measurements confirmed n-type conduction in - I
measured samples prepared under different — ~ 08 7
growth conditions. The highest measured Hall 120.6
mobility at room temperature was 422 -;‘5’0.4 |
cm?/(Vs). The T> was increased to 1.62 £ 0.10 ::;

o
o

ms in the sample with the lowest nitrogen

e
o

concentration. Optically detected magnetic

resonance spectra indicated that all measured 0 1 2 3 4

NV centers were aligned along the [111]

direction. This study provides appropriate CVD
conditions for growing phosphorus-doped n-
type diamonds with perfectly aligned NV
centers exhibiting long spin coherence times,
paving the way to developing and applying

diamond quantum sensing devices.

Published paper

Fig. 1, Hahn-echo signal of the NV center in
diamond (data with black dots, exponential-
decay fit with red line, 7> = 1.62 + 0.1 ms). The
dashed black line at 0 corresponds to the states
being populated equally. To remove common-
mode noise, two results were subtracted and

normalized [1].

[1] R. Kawase, H. Kawashima, H. Kato, N. Tokuda, S. Yamasaki, M. Ogura, T. Makino, N.
Mizuochi, Journal of Applied Physics, 132, 174504 (2022).

[2] A. Watanabe, T. Nishikawa, H. Kato, M. Fujie, M. Fujiwara, T. Makino, S. Yamasaki, E. D.
Herbschleb, N. Mizuochi, Carbon, 178, 294-300 (2021).
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Demonstration of topological phase control in chalcogenide superlattice

Misako Morota AIST

Purpose: This study aims to create a variety of topological materials by simply changing the combination of
thickness, number of layers, repeat counts of multilayers consisting of a few types of chalcogenide materials and to
demonstrate new topological properties, and this is a continuing project from the previous year. Topological
insulators are anticipated to exhibit highly efficient spin-charge current conversion due to surface states caused by
strong spin-orbit coupling. In the previous year, we measured spin-torque ferromagnetic resonance (ST-FMR) using
Sb,Tes/ferromagnetic metal bilayers, as a result, we succeeded in obtaining a frequency-dependent ST-FMR signal.
However, the signal intensity is too weak for detailed measurements because of its the high resistivity around 1000
Ohm. In this year, we tried to measure ST-FMR superimposed with ferromagnetic resonance due to an induced
magnetic field by adding a metallic layer to the Sb,Tes/ferromagnetic metal bilayer film.

Experimental: First, multilayer films of SboTes/NiFe/Ru were deposited on thermally oxidized silicon substrates
by RF sputtering without breaking the vacuum at AIST. Next, device processing and ST-FMR measurements were
performed at Institute for Chemical Research, Kyoto University. The NiFe and Ru layer thicknesses were fixed for
all samples at 5 nm and 10 nm, respectively, and the SboTes layers were crystalline highly oriented crystalline film
and prepared at three different thicknesses of 4, 5, and 10 nm.

Results and Discussion:

Figure shows the ST-FMR voltage for the

-6
SbyTe; 5nm/NiFe 5nm/Ru 10nm sample at 10 I ) |
each frequency. These signals of the s 2x10°° -
sample were about 5 times stronger than & 0 —_— o
o o

that of the previous sample with the same = " Hext somple

-2x10 45°) / —
thickness of Sb,Tes and ferromagnetic | .

-4x107 :
bilayer. In addition, the asymmetry of 0 500 1000

H,,,(Oe)

these signals also evidences that

ferromagnetic resonance is caused by the Figure. Signal of ST-FMR on a Sb,Tes Snm/NiFe 5nm/Ru 10nm

induced magnetic field of the current sample measured under frequencies of 2-8 GHz. The inset is

flowing across the Ru layer. In the future direction of the applied external field to the sample.
this sample structure will be optimized for
further detailed measurements by using

ST-FMR.
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Self-Assembling Adjuvant-Built-In Vaccines for Cancer Immune
Therapy

Yan-mei Li  Tsinghua University

The development of synthetic cancer vaccine adjuvants has been an area of active
research. One promising class of small-molecule anti-cancer adjuvants are agonists of
TLR7/8 that usually sense viral single-stranded RNA to elicit a Th1-type cellular innate
immune response. In this collaborative research with ICR, we extended ICR’s previous
discovery of a self-assembling vaccine adjuvant named cholicamide, with the goal of
identifying a potent cancer vaccine adjuvant with an improved safety profile. Our
collaboration resulted in a cholicamide derivative (cholicamide ) as a non-cytotoxic
small-molecule cancer vaccine adjuvant that stimulates antigen-presenting cells to induce

antigen-specific T-cell activation.

To prepare a series of cholicamide derivatives, the Uessugi group of ICR replaced
deoxycholic acid with four other bile acids (cholic acid, lithocholic acid, chenocholic acid,
and ursodeoxycholic acid) or changed the length of the diamine linker. To assess their
ability to stimulate the immune response, we treated bone marrow-derived dendritic cells
(BMDCs) with the cholicamide derivatives and measured the production of IL-6, a
cytokine typical for activation of antigen-presenting cells. Two compounds exerted more
potent activity than cholicamide at 100 uM. When we examined their effects on the cell
viability, compound 6 showed essentially no cytotoxicity up to 80 uM. We named this

molecule (6) as cholicamide p.

The non-cytotoxic characteristics of cholicamide B (6) prompted us to use it as a
cancer vaccine adjuvant. Our lab in Beijing examined whether cholicamide B (6)
combined with an OVA antigen inhibits tumor growth in a B16-OVA melanoma model.
C57BL/6 mice were inoculated on day 0 with 1.5 x 105 B16-OVA melanoma cells by
subcutaneous injection. Cholicamide B (6) combined with the OVA antigen significantly
reduced tumor proliferation with negligible body weight. Cholicamide 3 (6) may serve as

a starting point of small-molecule cancer vaccine adjuvant.

Publication
Self-assembling small-molecule adjuvants as antigen nano-carriers
Jin, S., Zhuo, S., Takemoto, Y., Li, Y., Uesugi, M.

Chem. Comm. 58, 12228-12231 (2022)
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Evaluation of CaCOQjs dissolution rates in deep-sea sediments by a novel
tracer method

Cai Pinghe Xiamen University

Objectives: By working with Prof. Yoshiki Sohrin at ICR, this project aims to 1)
quantify CaCOs dissolution rates and 2) examine what controls CaCOs dissolution
rates in the Pacific Ocean floor.

Experimental methods: Sediment and porewater samples were collected along a
transect in the North Pacific Ocean between mid-September and late October, 2021
(Figure 1). Radium-226 (**Ra) and =~
thorium-230 (**°Th) in sediment and
porewater were measured using a high
sensitivity ICP-MS. Porewater profiles of
dissolved inorganic carbon (DIC) was
determined by Apollo Dissolved Inorganic
Carbon  Analyzer. Calcium (Ca®")

concentrations in  porewater  were

EQ —
125°E

determined using an ICP-OES.

Figure 1. Sampling stations in the North Pacific Ocean
Experimental results: Despite continuous flushing of the upper layer of the ocean
floor, all pore water profiles consistently manifest a marked depletion of Ca?".
Strikingly, pore water profiles show a concomitant depletion of DIC relative to bottom
seawater.
Discussion: The results suggest that in contrary to the dissolution theory, authigenic
CaCOs is forming in the upper sediment column of the Pacific Ocean floor lying below
the compensation depth. The reaction can be expressed as:

Ca?*+HCO3s +OH" — CaCO:s (authigenic calcite) + H2O

By use of the 2?Ra/?*°Th disequilibrium approach, we estimate a range of 12 to 120
mmol m? yr'! (average: 60 mmol m™ yr'!) for the rate of authigenic CaCO3 formation.

However, it is still unclear what reactions can produce OH™ in sediment porewaters
Outcome report : Not yet available.
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Advanced Oxygen — mediated Flow Chemistry
Thomas Wirth  Cardiff University

Molecular oxygen is the most appealing reagent to perform oxidation reactions. Yet, lower
reactivity of molecular oxygen from its ground state (triplet oxygen, *O2) generally requires
high pressure and temperatures for oxidation reactions. In contrast, the excited singlet oxygen
(10O») is highly reactive with different organic molecules even under very mild conditions.
Recently, Nakamura, Isozaki (the ICR collaborating researchers on this project) and
coworkers have synthesized gold nanoclusters (AuNCs) and utilized those AuNCs as efficient
photocatalysts for oxidative cyclization of amino alcohols to generate oxazolidine cores (ACS
Catal. 2021, 11,13180-13187). Generation of singlet oxygen by the photoexcited AuNCs was
proposed as the key intermediate in the mechanism. To investigate if the AuNPs only
generate the singlet oxygen responsible for the subsequent reaction steps, treatment of 1 with
singlet oxygen was initially performed in the absence of AuNPs. The generation of “dark
singlet oxygen” was confirmed from the quantitative formation of ascaridole from « -
terpinene (Chem. Eur. J. 2019, 25, 12486-12490). In all cases, 3 was found as the major

product with traces of 4 in some cases as indicated in the Scheme below.

OH O
Ph)\(N + Li;MoO, (0.025 M) @—
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Me
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| N N
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Me Me
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B

We introduced the AuNPs under identical reaction conditions to investigate if the Au
nanoclusters could provide the cyclized product with pre-generated singlet oxygen in the
absence of light. However, even in the presence of AuNPs, no trace of the cyclized product 2
was observed, although the formation of 3 was slightly improved (38-62%). The formation of
4 was not observed in the presence of AuNPs. From many experiments we concluded that the
light and photoexcited AuNPs are involved in more than one step in the formation of final
cyclized product 2 rather than just generating singlet oxygen.

Our numerous efforts to cyclize 1 to 2 using “dark singlet oxygen” were not yet unsuccessful.
We now propose employing alternative singlet oxygen sources (photochemical approaches,
use of endo-peroxides) to effect the transformation, also investigating modified starting

materials and include solvent modifications in the experiments.
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Novel strategy for intracellular delivery of nanomedicines

Silvia PUJALS Institute for Advanced Chemistry of Catalonia

Nanomedicine arose 20 years ago with the promise of selectively delivering
drugs to target sites, thus increasing their effectivity while minimizing undesired side
effects. However, despite the great promise behind nanomedicine for drug delivery,
very few products have been approved for patient use. This poor translation into
clinic comes from different factors, some of them being a poor characterization of
the nanomaterials or a simplistic model to evaluate them. Poor cellular uptake
efficacy of these nanomedicines is also a big obstacle. Our research group has a
speciality in preparation of nanoparticles being applied for nanomedicine. We also
have strong background of nanomaterials characterization and intracellular behavior
using various microscopic techniques (including electron microscopy and super
resolution microscopy). On the other hand, Prof. Futaki at ICR, Kyoto University is
an expert on intracellular delivery of nanomedicines. This joint research aims to
establish novel approaches for stimulating cellular uptake of nanomedicines created
by Pujals group (IQAC) with the know-hows of Futaki group at ICR, Kyoto
University.

Our group has formulated few batches of Poly(D,L-lactide-co-glycolide)
(PLGA) nanoparticles. They are around 200 nm and have Dil (excitation at 550 nm)
or DiO (excitation at 484 nm) for visualization of their methods of cellular
internalization. PLGA-based nanoparticles are biodegradable and widely employed
in drug delivery systems in various medical applications. In addition to discussions
via e-mail, Prof. Futaki visited Barcelona in the August of 2022 and made detailed
planning of our studies. Methods in cellular uptake of these particles are now
understudy in Futaki laboratory. Pujals is planning to visit ICR in the fiscal year of
2023 to extend the collaboration.
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Structural and functional analysis of curvature-inducing peptides and
application

Anne S. Ulrich  Karlsruhe Institute of Technology

Epsin-1 is a representative protein which induces the positive curvature necessary for
the formation of clathrin-coated pits during endocytosis. Modulating the structural
dynamics of biomembranes by inducing bilayer curvature and lipid packing defects has
been highlighted as a practical tool to modify membrane-dependent cellular processes.
Collaborative research of Ulrich research group at KIT with Futaki research group at ICR,
Kyoto University has already shown that the N-terminus 18-residue peptide of epsin-1
(EpN18) possess curvature inducing abilities of the parent protein.

The method of curvature induction by EpN18 is thought by way of shallow insertion
of its hydrophobic face into the lipid bilayer. Possible steric hindrance among the lipids
by the insertion of helix leads to increase in surface area of outer leaflet of the membranes,
yielding curvature in the cell membranes. Through the functional refinement of EpN18,
the ability of membrane structural alteration may be more enhance and utilized for
artificially controlling cellular phenomena involving membrane structural alteration. We
therefore aimed to elucidate the important structural factors of the helical segment for the
curvature induction for the better understanding of curvature inducing mechanisms and
future design of more effective means of curvature control.

The structural factors of amphiphilic helical peptides include hydrophobicity, helicity
(a-helix content), charges, amphiphilicity balance (hydrophobic surface area), and
peptide length. We thus synthesized structurally simplified peptides and see the effects on
the curvature inducibility through physicochemical and cell biological evaluations. As a
result, we found a positive correlation between hydrophobicity/helicity and the abilities
of curvature induction and lipid-packing loosening. The report on these results is now

under consideration for publication.
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In-depth analysis of efficiency roll-off in highly efficient TADF-based
organic electroluminescence devices

Ebinazar Namdas The University of Queensland

Project Background:

This project is focus on the understanding of loss mechanism processes related to the efficiency roll-
off in next generation of thermally activated delayed fluorescence (TADF) based OLEDs, in particular,
i) the impact of exciton decay parameters of high reverse intersystem crossing (RISC) exhibiting
TADF materials on OLED device performance through advance device characterisation and
spectroscopic methods; and ii) strategies to improve device performance at high brightness regime.

Project Progress:

The project started in Jan 2022. The planned international collaborative exchange visits of Kyoto
University and UQ have been postponed due to COVID-19. This has significantly affected the
international travel, living cost and project planning. Nevertheless, we have carried out the planned
research activities as highlighted below:

1. Successfully achieved low amplified spontancous emission (ASE) thresholds and
electroluminescence from a solution-processable organic laser dye C545T blended with TADF
materials (ACRXTN). The low ASE threshold of 4.7 pJ cm™? at the wavelength of 540 nm was
obtained by constructively making use of triplet excitons from the TADF material (Fig. 1).
Furthermore, we also achieved a high maximum external quantum efficiency (EQE) ~10% from
the solution processed ACRXTN:C545T based OLEDs. However, the EQE roll-off was significant.
This was partly due to the slow reverse intersystem crossing rate (RISC) of ACRXTN.
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Fig 1: ASE study of the mCP:ACRXTN:C545T (89:10:1 wt%) blend films, spin coated from
solution. Excitation wavelength at 337 nm (nitrogen laser).

2. The above results indicate that TADF materials with a high reverse intersystem crossing rate (RISC)
is crucial to reduce the EQE roll-off at high current density and ASE threshold. Hence, Prof. Hironori
Kaji and his team supplied two next generation of TADF materials (TpAT-tFFO and MCz-TXO) with
ultra-high RISC rates to UQ. Unfortunately, progress on these materials has been slowed down due to
laser breakdown and reduced staff at UQ. Hence, we would like to request the project extension by 1
year. At this stage we are recruiting a suitable research student to complete the pending work.

Publication: Part of the study was presented at “The 7th International TADF Workshop (on-line), Dec2022.
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Intracellular delivery of biofunctional proteins using artificial protein
nanocages

Yusuke Azuma Jagiellonian University

Proteins that self-assemble into hollow, cage-like structures present an attractive platform to
develop nanocarriers for intracellular delivery of intact cargo molecules in vivo. To achieve this,
efficient methods for guest encapsulation and its release in recipient cells are needed. One of the
applicants (Azuma) holds expertise in protein cage engineering, devising strategies for
encapsulation of cargo molecules, such as other proteins, in the lumen as well as control of cage
assembly-disassembly by an external stimulus. The Futaki laboratory (the host at ICR) is
developing peptidyl tools for intracellular delivery of biofunctional proteins including antibodies.
By combining the specialties of both groups, this project aimed to develop novel intracellular
delivery systems for biofunctional proteins that are potentially applicable to clinical study.
Expected outcomes of this project included: (i) obtaining insight into the effect of
nanocage/peptide structures on their cellular uptake efficacy; (ii) establishing the approaches for
design of protein nanocage capable of delivering biofunctional protein cargoes into cells; (iii)
providing guidelines for designing effective delivery systems for nanomedicines; and (iv)
strengthening research exchange between Jagiellonian University and ICR.

As the first step, we discussed the possible candidates of protein nanocages via e-mail
and planned experiments for production of protein cages encapsulating model guest proteins.
Meanwhile, we realized that improvement on delivery peptides is likely a priority objective to
attain delivery of protein nanocages with satisfactory efficacy, the knowledge being obtained
through a Futaki group’s work on the development of a nanocage delivery system using a delivery
peptide called HAad (Angew. Chem. Int. Ed. Engl. 59, 19990-19998 (2020)). Prior to this
collaboration work, Azuma and Futaki have reported a cationic lytic peptide that markedly
promotes the endosomal escape of biomacromolecules (Angew. Chem. Int. Ed. Engl. 57, 12771-
12774 (2018)). However, metal ions employed in this preliminary study may prohibit the
application in vivo. Based on this design concept, the Futaki group lately developed new delivery
peptides without the need for metal ions. One of the designed peptides exhibited a marked activity,
successfully delivering a large protein, antibody (150 kDa), into various types of cells without
significant cytotoxicity. We anticipate that applying our latest peptide to protein cages will provide

a versatile nanocarrier system for efficient intracellular cargo delivery.
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Real-Time Visualization of Cellular Phase-Separating Proteins
Kazuya Kikuchi Osaka University

Objectives

A growing number of proteins contain disordered regions of low-sequence complexity
which induces protein condensation via liquid-liquid phase separation (LLPS). Although
these protein condensates initially have liquid-like properties, they can also age into more
solid-like states leading to many diseases. The goal of the present collaboration is to
develop a new chemical technique that allows us to monitor the transition of liquid-liquid

phase separation into the more solid or viscous state in live cells.

Results

Together with the Uesugi group of ICR, we designed and experimentally tested a new
chemical technique that detects the status of protein condensates. This fluorescence-based
technique uses a unique protein labeling method (PYP method) that has been developed
by our group in Osaka. The PYP method takes advantage of the relatively small size of
PYP protein for visualizing proteins of interest fused with PYP. First, HEK293 and U20S
cells were transfected with each of 18 plasmids that encode a PYP protein fused to 18
different phase-separating proteins. The addition of a PYP ligand fluorescent probe into
the culture medium permitted the detection of the 18 PYP fused phase-separating proteins
in live cells under a confocal microscope. To monitor the formation of solid-like
condensates, we performed pulse-chase analysis, in which PYP ligand probes with
different colors were added at different time points (Orange probe first and Far-red probe
later). We hypothesized that solidified protein condensates would only be labeled by
Orange probe. Newly formed liquid protein condensates would only be marked by Far-
red probe, and the remaining liquid protein condensates would be double-labeled with
both Orange and Far-red probes. The results suggest that this is in fact the case, although

the conclusion needs to be confirmed by other techniques in the future.

Future plan

We plan to establish the proposed method to analyze solid aggregates and liquid
condensates quantitatively. Sorting of the cells harboring those proteins by a FACS
machine would facilitate ranking the 18 phase-separating proteins to identify the highly
aggregating protein under different conditions. In addition, sorted cells will be subjected
to RNA sequencing and proteomic analysis to identify genes and proteins involved in the

condensate solidification process.
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Fig.1 Structures of [EuL]+3Cl and sensitizer (HABA).
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HABA) ZFfL L, pMAIRS E4 W R 0 HTIZ L 0 IR ST 21T > 72, ENENDIEEA

A7 P ERIE L, T ORISR OV TR L 7=,

[R5k - B

EuL 35 £ O EuL-HABA O /K EHLS FEOR-A #i#t % Fig.2
(2”7, EuL OHSTEIT, ZhETOMEEZ LS HHLE,
EuL-HABA On-A #hifiZ, EuL B ORI A~ CHBR RS X
FEAEEDLROBRENIEDNLDL ERD BRRE Lol
HABA MEEIRFE L2 5] X 11 2 = %3 2 alREEA URIZ S
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—EulL
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Fig.2 n-A curve of EuL. w/o HABA

BRI 2. EN - mAAOBLAMEIZ R S 4L h 5 72, EuL-HABA FE/E I & [ E 21T - 7225,
HRRANIN ED XD ITHEEL T DM fBNTICE S 2o To, BIEAT FVRIEN S, Eul-
HABA 7@ 151 EuL FEE I LR THWREZ R L, R OB R 2R T 52 LN TE T,

[CiEk] 1) T. Sagami et al., Chem. Commun., 2017, 53, 3967.
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AFHERIT Y ) — N e b L7 drug delivery system (DDS) OEE 4 BRI L CT&72[1,2], AHF
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223 AR~ D ERGE & A b Y LikEE RN R T =7 Y Y — L DDS O iriggiz B 5
FTEEHME LTS, ZRET, PFRARFIIRY TAX=00, Pl 287 Bl
FaNEZETTF MEMIIC L D=7 VY — AOMBINEUAMEEZ 2R L T\ 5([3,4], AR mY =
7 FTIE, SOICBEEEHIZICHND Z LT, 2RI T T MEMTIT 2 ME L >ob
b INETORTTF NEMHFTIZ, =7 VY —LE~HITF REfA SE 5729012 30 4y
PLERIS S 2 BN Do T2y B LT A2 B I W 2 FETIEER R & W o T2 AR T
T VY = WFESDOFG T F ROFEEME, KON Iz~ vt ) A1 b=V 22 FHET 5
TF REHOTSAE TR, DAMBBAN~OIRY AL EOIEE EAPHERAIN TS, BIfE, AT
IECHMN T E DREMETF FORES, (LA, =7 YV Y — 2 ofiliz Toic, 356
e DR AT TR AR HEE L= VY — AR IR EE(E TE D o Te
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<BE k>

[1] Nakase, I. et al. Sci. Rep. 5,10300 (2015), [2] Nakase, 1. Processes 9,224 (2021), [3] Noguchi, K., Nakase,
L. et al. Mol. Pharm. 18, 3290-3301 (2021), [4] Hirase, S., Nakase, 1. et al. Mol. Pharm. 19, 1135-1145 (2022)
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[ s ]

Brice L
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Role of PIP5K Genes in Pollen Tube Development
Li-Jia Qu Peking University

Objectives: Phosphatidylinositol (4,5)-bisphosphate [PtdIns(4,5)P,], one of phosphoinositides
serving as lipid signals on eukaryotic membranes, modulates various cellular processes
including cytoskeletal organization, membrane trafficking, and signal transduction for gene
expression. PtdIns(4,5)P, localizes mainly to the plasma membrane or its membrane
subdomains, and physically interacts with various regulatory proteins. The spatiotemporal
existence of PtdIns(4,5)P; is critical for its signaling function, and established basically via its
metabolization. Although the metabolic pathways of phosphoinositides are elaborately linked
to one another, phosphatidylinositol 4-phosphate 5-kinase (PIP5K), which produces
PtdIns(4,5)P, by phosphorylating PtdIns(4)P, is thought to be a key enzyme responsible for the
spatiotemporal pattern of PtdIns(4,5)P, in higher plant cells, where some of the
phosphoinositide metabolic pathways found in animal or fungal cells are missing. In plants,
PtdIns(4,5)P, has been studied especially for its involvement in root hair and pollen tube
growth mainly using the Arabidopsis system. We have identified a set of PIPSK genes the
complete loss of functions of which caused male sterility. Pollens with the multiple mutations
were found to be defective of pollen tube development. In this study, an essential role of
PIP5K in pollen germination was investigated.

Experimental Methods: T-DNA or transposon tagging mutant lines of the PIP5K4, PIP5KS,
and PIP5K6 genes were obtained from public organizations for biological resources.
Loss-of-function mutant lines for the genes were established, and crossed with one another to
obtain multiple mutant lines. Single and multiple mutant lines of the PIP5K4—6 genes were
examined for their phenotypes in pollen development and germination by microscopic
observation.

Results and Discussion: We investigate processes of the pollen development and germination
by detailed microscopic observation. Using the double mutants pipSk4pip5k5, pip5k4pip5k6,
and pipSkSpip5k6, we found that the PIP5K4-6 genes redundantly function in pollen
germination as well as pollen tube growth. The pip5k4pip5k5pip5k6 triple mutant pollen grains,
which were obtained from heterozygous triple mutants, were apparently normal in their
morphology. However, they couldn't germinate under germination conditions while some of
them swelled and ruptured their cell wall. Phylogenetic analysis of type-B PIP5Ks revealed
that four clades, which contain PIPSK1-3, PIP5K4-6, PIPSK7-8, PIP5K9, respectively, are
conserved in angiosperms, while gymnosperms have type-B PIPSKs only in the parent clade
containing the PIPSK7-8 and PIP5K9 clades. We hypothesize that a common ancestor of the
PIP5K4—6 genes evolutionally differentiated to function in the pollen germination, a critical

process for the elaborate angiosperm pollen system.
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Construction of heterologous protein secretion system at low
temperatures by using cold-adapted microorganisms

Xianzhu Dai  Southwest University

[Background and Objectives] Shewanella vesiculosa HM13, a psychrotrophic
bacterium isolated by the group of the ICR partner researcher (Prof. Tatsuo Kurihara)
from fish intestine, secretes a large number of spherical particles called extracellular
membrane vesicles (EMVs) at low temperatures. These vesicles carry an S-layer protein-
like protein, P49, as a single major cargo protein. P49 is translocated across the inner
membrane from the cytoplasm to the periplasmic space by the Sec translocon and then
translocated across the outer membrane to be secreted to the extracellular space by a type
IT secretion system (T2SS)-like apparatus. P49 is predicted to bind to capsular
polysaccharide on the surface of the cells and EMVs. This cargo transportation
mechanism is expected to be useful for vesiculation-mediated heterologous protein
production. In the previous study, green fluorescent protein fused to P49 was detected in
the cellular and EMV fractions, suggesting that P49 can transport its fusion partner to
EMVs. However, the fusion of heterologous proteins was found to reduce the efficiency
of transport of the fused P49 to EMVs. In this study, we evaluated the effects of the fusion
of various peptide tags to N- and C-terminal regions of P49 on its transport to EMVs.

[Results and Discussion] When Strepll tag was inserted downstream of the P49 secretion
signal for the Sec translocon, the tagged protein was not detected in both the cellular and
extracellular fractions. This suggests that insertion of the tag to the immediate
downstream region of the secretion signal affected the efficiency of translocation of P49
across the inner membrane by the Sec translocon and that the fusion protein was degraded
in the cells. When Strepll, G11, and SpyT tags were introduced into the C-terminal region
of P49, the tagged proteins were detected only in the cell fraction and not detected in the
extracellular space. This suggests that the C-terminal tag insertion interfered with the
interaction of P49 with the T2SS-like apparatus and inhibited the translocation of the
fusion proteins across the outer membrane, resulting in their accumulation in the
periplasmic space. Although the mechanism of the substrate recognition of this secretion
apparatus is unknown, the C-terminal region of P49 might be involved in its interaction
with this apparatus. For surface modification of EMVs by modification of P49, it is
important to introduce a fusion partner without disturbing the translocation of P49 across
both the inner and outer membranes. The type of tag sequence and insertion sites that do
not interfere with the translocation of the fusion protein should be explored in future

studies.
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Structural and functional analysis of the surface polysaccharides of outer
membrane vesicles released by bacteria

Maria Michela Corsaro  University of Naples Federico II

Objectives:

The aim of this research has been the characterization of the capsular polysaccharides (CPS)
isolated from the cells of the nfnB mutant of Shewanella vesiculosa HM13. Previous studies
suggested that the affinity between CPS and P49 is reduced in the mutant that lacks nfnB, a gene
in the close vicinity of the P49 gene. Therefore, we have been focused on the structural analysis
of polysaccharides isolated from this mutant. The group of the ICR partner researcher (Prof.
Tatsuo Kurihara) has furnished the samples, and the characterization has been performed by
NMR spectroscopy.

Experimental:

Dried cells (1.9 g) of nfnB mutant from S. vesiculosa HM13 were extracted with either
phenol/chloroform/light petroleum (PCP) or hot phenol/water methods (Galanos et al 1969), and
the crude lipooligosaccharide (LOS) was precipitated as already reported (Di Guida et al. 2020).
The extracts were dialyzed against water (cut-off 3500 Da) and lyophilized. The samples were
treated with 1% CH3COOH (100 °C, 3 h) and, after centrifugation, the supernatants were
fractionated on a Bio-Gel P-10 column (Sigma, 90 x 0.75 cm, flow rate 12.0 mL/h, fraction
volume 2.5 mL) eluted with water. Two fractions were obtained and analysed.

Results:

The glycosyl GC-MS analysis, performed on the first fraction, disclosed the presence of
rhamnose (Rha), glucose (Glc), and 2-amino-2-deoxy-glucose (GIcN), as already reported
(Casillo et al., 2022). In addition, this fraction was analysed by 'H NMR. The spectrum confirmed
the presence of the same CPS already characterized from the wild-type cells. Furthermore, the
"H NMR spectrum of the second fraction isolated from the water/phenol extract revealed the
production of an additional CPS. The latter will be characterized by means of chemical analyses

and 2D NMR experiments.

Casillo, A. et al. Marine Drugs (2019), 17, 34.
Di Guida et al. Marine Drugs (2020), 18, 231.
Casillo et al., Carbohydrate Polymers (2022), 297, 120036.
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Molecular mechanisms for the inactivation of a growth hormone in rice

Zuhua He Chinese Academy of Sciences

Objectives: Gibberellins (GAs) are a group of tetracyclic diterpenoid carboxylic acids. They act
as plant hormones that control diverse developmental processes. Bioactive GAs play critical
roles in promoting growth, including internode (stem) elongation of rice. The elongated
uppermost internode 2 (eui2) mutant of rice shows a tall phenotype due to its elongated
uppermost internode. Because of this reason, this mutant has been utilized in hybrid rice breeding
in order to eliminate panicle enclosure in male sterile parents. Previously, we have shown by
map-based cloning that EUI2 is a functionally-uncharacterized protein that belongs to the o,p3-
fold hydrolase superfamily. In collaboration with Shinjiro Yamaguchi’s group, we have
previously characterized the rice eui mutant and found that £UI encodes a cytochrome P450
enzyme that deactivates GAs via 16a,17-epoxidation. Based on these results, we speculated that

EUI2 might act as an epoxy hydrolase and further deactivate epoxidated GAs in the uppermost

internode of rice. In fact, our collaboration showed that EUI2 protein could hydrolyze epoxy

GAs in vitro. In addition, we determined the levels of endogenous 16a,17-epoxy GAs in wild

type and the eui2 mutant by LC-MS/MS analysis.

Experimental methods: Various 16,17-modified GA derivatives were chemically synthesized,
and their biological activities were determined using GA-deficient rice seedlings. Endogenous
levels of epoxy GAs in another genetic background of WT and eui2 mutant rice plants were
determined by LC-MS/MS using deuterium labeled epoxy GAs as internal standards.

Experimental results: We chemically synthesized 16,17-modified GA4 derivatives and found

that many of them are weakly, but significantly active in promoting the second leaf sheaths of

rice seedlings. In addition, our data also showed that the biological activity of the hydrolyzed
product (16,17-dihydroxy GA4) was significantly weaker. This finding suggests that EUI2 plays

a role in further deactivating epoxy GAu4. Previous X-ray crystallographic analysis of the GA4-

GID1 complex suggested that C-17 plays an important role in closing the lid of the GID1 receptor

through hydrophobic interaction. Therefore, the introduction of a hydroxyl group at C-17 may

inhibit this hydrophobic interaction. This would explain why 16,17-dihydroxy GA4 (EUI2
product) is nearly inactive. To confirm the results obtained before, we analyzed endogenous
epoxy GAs in another genetic background of WT and eui2 mutant rice plants. Consistent with
the previous data, the eui2 mutant accumulated epoxy GAs at much higher levels than does WT.

Publications: In preparation.
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Analysis of novel transporters for strigolactones or their biosynthetic
intermediates

Yunde Zhao University of California San Diego

Objectives: Strigolactones (SLs) are carotenoid-derived plant hormones that regulate various
processes of plant growth and development. They are also secreted from plant roots into the
rhizosphere and function as allelochemicals for symbiosis with arbuscular mycorrhizal fungi and
for stimulating seed germination of parasitic plants. Classical grafting studies have suggested
that SL and/or its biosynthetic intermediate(s) can move from roots to shoots, but much has not
been fully elucidated about SL transport. Previously, we likely have identified novel transporters
for SLs or intermediates for SL biosynthesis in rice. The knockout mutants of the transporters
increased tiller numbers, which are phenotypically very similar to those well-characterized SL
biosynthesis mutants and signaling mutants. The physiological and biochemical roles of the

identified transporters need to be experimentally demonstrated.

Experimental methods:

Our group

* Phenotypic and genetic interaction studies of the mutants whose ability to transport SLs or SL
biosynthetic intermediates have potentially been compromised.

* Generation of additional mutants using CRISPR/Cas9 gene-editing technology.

ICR partner researchers (Dr. Kiyoshi Mashiguchi, Prof. Shinjiro Yamaguchi)

* Analysis of the endogenous levels of SLs and SL biosynthetic intermediates by LC-MS/MS to
find transporters' substrate(s).
* Elucidation of SLs and SL biosynthetic intermediates that can move from roots to shoots

* Evaluation of transporters' export/import activity toward the candidate compound(s).

Experimental results: This year, we further conducted genetic studies on the putative SL
transporters. Moreover, ICR partner researchers discovered that two SL biosynthetic
intermediates, carlactone and carlactonoic acid, can move from roots to shoots in Arabidopsis.
Furthermore, they also showed that methyl carlactonoate, a bioactive SL in Arabidopsis, is not
likely mobile. In addition, they found SL-related compounds in xylem sap in Arabidopsis and
rice. We are going to analyze the endogenous amounts of SLs and their biosynthetic

intermediates using the knockout mutants of the transporters.

Publications: No publications from the collaboration in FY2022.
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Phase separation in mixture of nematic liquid crystal and solvent
Ryoko Shimada Japan Women’s University

Mixtures of liquid crystalline (LC) molecules and ordinary solvents have two order parameters, the
concentration ¢ and orientation Q of the LC molecules, that are fluctuating with time in a coupled way.
This study focuses on such a mixture of dimethyl terephthalate (DMT) and 4-cyano-4'-pentylbiphenyl
(5CB) to examine their phase diagram shown in Fig.1. (This diagram was obtained from FTIR analysis
of aliquots taken from the phase-separated DMT/5CB mixture.)

The previous study combined the Flory-Huggins (FH) and Landau—de Gennes® (LdG) theories to
formulate a model describing the phase behavior in the absence of crystalline. This study extends
the model to allow coexistence of the isotropic or nematic phase with the DMT crystalline phase. For

example, the extended model expresses the free energies G of the nematic and crystalline phases as

[nem]

. . _ [nem] [nem] total [nem] total ,[nem]
nematic phase: no In +ny Ny + ¥ Nn

~ "pmr DMT CB 5CBYDMT
[nem] (1)
otal P 3 4 n [liq]
+ngm{4[T-1"]0* + BO’ +CO*} + or v
[ery] n total _ [nem]
crystalline phase: = #E;Z]T 2)
RT RT

where RT is the thermal energy, nf“]

total
5CB

of 5CB to DMT, and ,ugﬁ]T and 2/ are the chemical potential of DMT in the dissolved liquid

DMT

and ¢i[“] denote the mole number and volume fraction of the

component i in the phase &, n,., in the total mole number of 5CB, N (= 2) is the molar volume ratio

state and undissolved crystalline state, respectively. 4, B, C, and T** are the LdG parameters
introduced previously". For adequately tuned LdG parameters, minimization of the total free energy

G"™ + G gives g™ . The result is shown in Fig.1 with the blue curve. The green and red

[iso]

curves show ¢ in the isotropic phase coexisting with the nematic (DMT/5CB) and crystalline

DMT
(DMT) phases. This ¢he! is obtained from
G"™™  and/or G'™' combined with 35 ""
Gt (expressed in a way similar to eq. (1) 50 | DMT/5CB
but with Q = 0). These curves well
. . . 45
describe the experimental phase boundaries isotropic
black circles), and suggest an apparent 40 e phitse isotropic phase
( . . ) . £8 ) PP 8 o  +DMT crystalline
triple point (green circle) at a given pressure. SEYe.
It is of interest to compare the fluctuation ‘ 9 B® 0 "
of ¢ and Q deduced from the model and that 0 7 EE?ZEZse
obtained in future experiments. 25 | nematic phase
+ DMT crystalline
1) Shimada, Urakawa, Inoue, and Watanabe, Soft -
2) de Gennes and Prost, The Physics of Liquid ¢DMT

DMT crystalline
Crystals, Clarendon Press, Oxford, 1993.
Fig. 1 Phase diagram of DMT/5CB mixture
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Chromatin, epigenetic and proteolytic regulation of RNA processing in
plant morphogenesis

Vicente RUBIO National Center of Biotechnology

Objectives: We focus to understand molecular mechanisms bridging proteolysis to mRNA
processing in environmental adaptation. Arabidopsis was used as a model to investigate
CRLs, DCAFs, CSN and their binding factors, that are highly conserved among kingdoms.
To date, plants have utilized these protein complexes in adaptation to light environmental
changes. CFI (cleavage factor I) is a complex that binds CSN in mammals and plants, and
is involved in processing 3' UTR ends of pre mRNAs. In my group at CNB-CSIC, taking
advantage of “tandem affinity purification” and “protein detection” system, CFI-
interacting proteins has been analyzed using different bait and environmental conditions.
The results are being cross-examined against the DCAF list that we have. Preliminary
results suggested promising overlaps in certain proteins categories of each list.

Experimental results: Through complementary collaboration with Dr. Tsuge's group at

ICR, numerous proteins have been listed up as interacting partners for CRLs, DCAFs,
CSN and their binding factors. However, it remains unclear which network is the key
network linking proteolysis to mRNA processing regulation. We revealed that
Arabidopsis CFI 25a subunit interacts with CFI 25a, CFI 59, and CFI 68, confirming that
an intact CFI complex could be formed in plants. Six out of 8 subunits composing the
CSN protein complex was also identified. The two smaller subunits might have not been
identified due to the resolution of the experimental setup. We also observed an
overrepresentation of proteins involved in proteolysis. This led us to believe that CSN-
CFl interaction could be a key link between proteolysis and mRNA processing regulation.
Discussion: These unique results were outcome of taking advantage of the plant system
as a model to comprehend a universal regulatory system. We favor our hypothesis that
diverse yet temporal-regulated transcript usages are key to respond to specific
environmental stimuli. Further collaboration will gain understanding of the key general
platform for gene expression regulation via proteolysis and transcriptional regulation.
Publications: Zhang X, Nomoto M, Garcia-Ledén M, Takahashi N, Kato M, Yura K,
Umeda M, Rubio V, Tada Y, Furumoto T, Aoyama T, Tsuge T. (2022) CFI 25 Subunit of
Cleavage Factor I is Important for Maintaining the Diversity of 3' UTR Lengths in
Arabidopsis  thaliana (L.) Heynh. Plant Cell Physiol. 63:369-383. doi:
10.1093/pcp/pcac002.

In preparation, " Plant Cleavage Factor I complex regulates cleavage and polyadenylation
of its own subunit mRNAs"

_93_



2022-94 ([EFE)

Site-Selective Protein Acetylation and Phosphorylation by Small
Molecules

Lu Zhou Fudan University

Post-translational modifications (PTMs) play essential roles in regulating a myriad of
cellular processes in mammalian cells, including signal transduction, metabolism, and gene
transcription. Dysregulation of protein modifications causes metabolic diseases, immune
diseases and cancers. Among protein modifications, acetylation and phosphorylation
represents the most critical PTM. In FY2022, we collaborated with the Uesugi research
group of ICR to develop small molecules that specifically acetylate cellular proteins to

control human immune responses.

The presence of DNA in the cytoplasm is normally a sign of microbial infections and
is quickly detected by cyclic GMP-AMP synthase (cGAS) to elicit anti-infection
immune responses. It has been reported that Lys acetylation of cGAS inhibits its
activation to impair cGAS-mediated immune responses. To discover a small molecule
that selectively acetylates cGAS, we exploited the structure of RU521, a known cGAS
inhibitor, as a starting point. The introduction of an acetyl ester group to the structure
at varied positions led to a series of candidate cGAS-acetylation compounds. In
FY2022, we found that one of these compounds, CCY-G208, acetylated cGAS in vitro
and in cells. In line with its ability to acetylate cGAS, CCY-G208 reduced the protein
expression level of IFNf1, a representative cGAS-responsive interferon, in human
THP-1 immune cells. Consistent with this, other biological assays conducted in our
Fudan lab also showed that CCY-G208 inhibits phosphorylation of IFR3, a downstream
event of cGAS, to decrease the promoter activity of the IFNf1 gene.

In a separate project, we collaborated with the Uesugi group of ICR to develop non-
cysteine-targeting covalent inhibitors. Our collaboration was published in ACS Chem.
Biol. in 2022.

Publication

Jung Y, Noda N, Takaya ], Abo M, Toh K, Tajiri K, Cui C, Zhou L, Sato S, Uesugi M.
Discovery of Non-Cysteine-Targeting Covalent Inhibitors by Activity-Based Proteomic
Screening with a Cysteine-Reactive Probe.

ACS Chem. Biol. 17, 340-347 (2022).
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Developments of highly efficient and high color purity organic
electroluminescent devices based on thermally activated delayed fluorescent
materials exhibiting ultrafast reverse intersystem crossing process

Lian Duan Tsinghua University

This project focused on the thermally activated delayed fluorescence (TADF) sensitized
fluorescent (TSF) systems, which realize high efficiency and high color purity simultaneously on
organic light-emitting diodes. The systems generally consist of a host, a TADF sensitizer, and a
fluorescent terminal emitter (TE). Hosts can affect photophysical properties of TADF molecules,
which may further influence the performance of TSF systems. However, most reported TSF systems
focused on TADF sensitizers and TEs, and there have been rare investigations about the host effects
on the TSF systems.

We prepared and conducted the photophysical

(a) Host: CzSi  Keger < Kisc and Kerer > K, 1apr

Kerer 2.3 X 108 characterizations of solution- processed 0.5 wt%

jQ; — T s, : §_ TS —
N k 1:056\ i kigc 6.7%108 ﬂ .
%5 S'g i f';'os Emission
v
CzSi MCz-TXO in CzSi tPhBODIPY

(b) Host: PPF  Keger > kisc and Keger > K, 7apr
s, f/\
_ S

Keger 5.1 % 108

Krisc 3.1 %107

tPhBODIPY: 20 wt% MCz-TXO: CzSi/PPF TSF
systems. Here, MCz-TXO reported by Kaji’s group
was used as the TADF sensitizer because of its very
large rate constant of reverse intersystem crossing
(RISC), krisc, ~10% s7'[1]; tPhBODIPY reported by
our group was used as the TE owing to its narrow

emission and high photoluminescence quantum
yield [2]; 9-(4-(tert-butyl)phenyl)-3,6 -

: — bis(triphenylsilyl)-9H-carbazole (CzSi) or

Q 8 406‘ Kisc 2.0 % 10° ﬂ S dibenzo[b,d]furan-2,8-diylbis(diphenylphosphine

oD e Emission oxide) (PPF) was adopted as the host to investigate
PPF MCz-TXO in PPF tPhBODIPY the host effects.

Experimentally, both TSF systems showed fast
FRET from MCz-TXO to tPhBODIPY. However,
the PPF-host TSF system is expected to show a
much more effective FRET. At first, the rate
constant of FRET, kerer, (5.1 x 10% s') in PPF is
larger than the krret (2.3 x 10% s7!) in CzSi; second, the krrer is larger than the rate constant of
intersystem crossing (kisc) in PPF while the krrer is smaller than the kisc in CzSi. Therefore, more
excitons can be transferred to tPhBODIPY for narrow emission in the PPF-host TSF system than the
CzSi-host one. Dexter energy transfer (DET) behaviors were also investigated. Experimentally, DET
was successfully inhibited in the PPF-host system although it occurs in the CzSi-host system. These
investigations experimentally demonstrated the profound impacts of hosts on the FRET and DET in
the TSF systems and also provided a novel strategy for suppressing the undesired DET.

The manuscript highlighting this work will be submitted soon. In addition, another manuscript
closely related to this joint work and also focusing on the host effects in the solution-processed TSF
systems is in preparation.

Figure. 1. The excitons transfer processes in the
solution-processed 0.5 wt% tPhBODIPY: 20
wt% MCz-TXO: (a) CzSi/ (b) PPF,
respectively.

[17Y. X. Ren et al., Appl. Phys. Express 14, 071003 (2021). [2] X. Z. Song et al., Adv. Opt. Mater., 8, 2000483 (2020).
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Fabrication of nanotopographical polymer surfaces for bactericidal
properties-1V

Maya Endoh  Stony Brook University

Objective. The adhesion of unwanted pathogenic bacteria creates a great challenge and health risks when designing
implantable medical devices. In response, significant efforts have been made to design effective antibacterial surface
coatings. Antibacterial surfaces are typically based on liquid-repellent (superhydrophobic) or bactericidal properties.
However, either single property alone has a disadvantage in practical applications: liquid-repellent surfaces cannot
kill bacteria, while accumulations of dead bacteria and debris on the bactericidal surfaces may compromise long-
term biocidal activity or trigger immune responses and inflammation. Here we develop synergistic surfaces
combining bacteria-releasing and bactericidal properties against Escherichia coli (E. coli, a Gram-negative
bacterium) using block copolymer (BCP) lithography.

Experimental. A cylinder-forming polystyrene-block-poly(methyl methacrylate) (PS-block-PMMA) diblock
copolymer (M.,ps=45,900 g/mol, M, pmma=138,000 g/mol, polydispersity (M./M,)=1.16) was purchased from
Polymer Source Inc. Additionally, PS with M,,=30,000 g/mol (M/M;=1.06, Pressure Chemical Co.) was used to
prepare a “non-preferential” surface coating (hereafter assigned as “PS

. . . I I I

nanocoating”) for the development of perpendicular oriented B PS control @

15000 |- =3 TiO2 control —
=

PS nanopillars
TiO2 nanopillars

microdomains in block copolymer thin films deposited on silicon (Si)

. . . . . .
substrates'. The detail of the sample preparation process is explained in 10000

Ref. 1. Since PS is not biocompatible, we deposited a very thin titanium
oxide (TiOy) layer (about 3 nm in thickness) on the PS nanopillars using 5000

atomic layer deposition.

Amounts of adhered E. Coli (a.u.)

Results. We found that the PS “nanopillars” (with height of about 10 nm, ! 2Time o 4 36

size of about 50 nm, and spacing of about 70 nm) exhibit highly effective T T

bactericidal and bacteria releasing properties (“dual properties”) against 5 = ggoéacnf;ﬂﬂrs

E. coli for at least 36 h of immersion in an E. coli solution (Fig. 1). 54 100 [ B TiO: nanopillars -
<

Interestingly, the PS nanopillars coated with a thin layer of TiO; (“TiO» s I

nanopillars”) show much improved dual properties against E. coli % 50

compared to the PS nanopillars. To understand the mechanisms &.%

underlying the dual properties, implicit solvent coarse-grained molecular

dynamics (MD) simulations of a lipid bilayer (as a simplified model for ! zTime ® 4 36
E. coli) in contact with a substrate containing cylindrical hydrophilic ' ' ' ©
pillars were performed. The MD data revealed the critical role of a »:;)100 m = Ezozgg%f;rs N
bacterium/substrate interaction in the adhesion of a bacterial cell wall on ;: 801 = Ii];)]zgrnoatrl]zopillars T
nanopatterned surfaces. Membrane rupture occurs when the nanopillars S

generate sufficient tension within the lipid bilayer clamped at the edges §

of the nanopillars, leading to the formation of pores between nanopillars. E

The adhesion-mediated rupture is more pronounced for Gram-positive

1 2 4 36
bacteria since the adhesion area to the nanopillar surface is limited owing Time (h)

to the stiffer mechanical properties, causing higher stress concentrations
Figure 1. (a) Time dependence of the amount

. ) o of adhered E. coli after incubating the
summarized in the recent publication of ACS Applied Materials &  gamples, (b) the percentage of dead E. coli

within the bacterial cell wall at the edge of pillars. The results are

Interfaces. (See Ref. 1.) adhered onto the sample surfaces, (c) the
percentage of dead E. coli extracted from the
Reference well solution (LB broth) for the planar PS thin

1. Structure-Based Design of Dual Bactericidal and Bacteria-Releasing  film (15 nm thick), the planar TiO, thin film
Nanosurfaces (D. Salatto, Z. Huang, P. T. Benziger, J.-M. Y. Carrillo, Y. (3 nm thick), the PS nanopillars, and TiO,
Bajaj, A. Gauer, L. Tsapatsaris, B. G. Sumpter, R. Li, M. Takenaka, W.  nanopillars. Data from Ref. 1.

Yin, D. G. Thanassi, M. Endoh, T. Koga), ACS Appl. Mater. Interfaces,

2023, 15, 2, 3420-3432.
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Verification and development of dynamic stiction theory
Ken Nakano Yokohama National University

Objectives — Since the time of Charles-Augustin de Coulomb (1736-1806), we have
believed that there exist two types of solid friction: static and kinetic. However, in 2020,
Nakano and Popov published a different friction theory indicating that static friction
might be an illusion made by the rotation of kinetic friction [Nakano & Popov, Phys. Rev.
E 102, 063001 (2020)]. This friction theory, termed the dynamic stiction (DS) theory, is
described within a purely mechanical framework by introducing a geometrical
misalignment, the impact of which had been overlooked over two hundred years. In this
study, we aimed to verify and develop the DS theory for polymeric materials, including
the unique polymeric swollen materials termed the concentrated polymer brushes (CPBs)
developed by Professor Yoshinobu Tsujii, ICR, Kyoto University.

Results and Discussion — A physical model of sliding friction, termed the viscoelastic
foundation (VEF) model [Nakano & Kono, Front. Mech. Eng. 6, 38 (2020)], was
extended to describe the relationship between the viscoelasticity of CPBs and the DS
theory. A rigid indenter was assumed to slide on an array of single-degree-of-freedom
viscoelastic elements. The standard linear solid model was used as the viscoelastic
element. Analyzing numerical simulation results finds three types of dimensionless
parameters determining the friction coefficient of the VEF model. The master curve of
friction is branched by the ratio of the two types of time constants, the retardation time
and relaxation time of the standard linear solid element. However, the master curve has
three types of asymptotes for low-, middle, and high-speed regions, the same as the
asymptotes for the Voigt-type VEF model (for low- and middle-speed regions) and the
Maxwell-type VEF model (for middle- and high-speed regions). This means that when
we describe the relationship between the viscoelasticity of materials and the DS theory,
the Voigt-type VEF model is sufficient as the DS mode vanishes for the high-speed region.
Outcome reports — [1] K. Nakano, “Contact and Friction of Elastomers”, TTRF-TAIHO
International Symposium on Automotive Tribology 2022, Online, 14 April 2022 (Invited).
[2] T. Watanabe, S. Hatanaka, K. Nakano, “Description of hysteresis friction by the
standard linear solid model”, JAST Tribology Conference, Fukui, 09 November 2022. [3]
K. Nakano, “Virtual damping generated by friction vector rotation”, AsiaBrake 2023
Conference and Exhibition, Bangkok, Thailand, 28 March 2023 (Invited).
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Synthesis of Polyether Nanocomposite Solid Polymer Electrolytes for
Lithium-Ion Batteries

Robert C. Ferrier, Jr. Michigan State University

Objective: The objective of this work was to

» f Ir‘/[fﬂ?} develop novel polyether nanocomposites by

2
e
EN

e

combining the epoxide polymerization techniques

of the PI with the polymer brush synthetic expertise

o o.sg of Prof. TSUJII at Kyoto University. Experimental
= °'6§’ Methods: Initiators were characterized by 'H NMR
S 60 04 = . .
= / \ 025 | spectroscopy. Polymers were characterized by size-

40 S .

 r=0.57 chains / nm? 0 exclusion chromatography (SEC), 'H and '3C NMR
2% 200 400 600 800 . . . .
Temperature (°C) spectroscopy, and differential scanning calorimetry

(DSC).  Silica nanoparticles (NPs)  were

characterized by scanning electron microscopy and

Figure 1. (top) SIP scheme for
epoxides. (bot.) TGA of grafted NPs.

thermogravimetric analysis (TGA). Outcomes:
Ionic conductivity results showed interesting behavior for high dielectric materials, such
as polyepichlorohydrin (PECH) with a dielectric constant (¢) of ca. 17. We developed a
surface-initiated polymerization (SIP) scheme by grafting thiolated silanes to NPs and
reacting the thiol with trimethyl aluminum to form an initiator (cf., Figure 1 top). SIP of
ECH produced PECH brush grafted NPs. This is the first time, to our knowledge, SIP of
epoxides has been demonstrated. We further synthesized single ion conductors through
PECH modification, which we will apply to PECH brushes. New initiators were
developed from NHS-ester thiols allowing us to graft polymers to aminated surfaces to
tune membrane interfaces. Analysis: TGA was performed on the synthesized brush
grafted NPs (cf., Figure 1 bottom). The grafting density was calculated to be 0.57 chains
/ nm? based on the targeted molecular weight of 40 kg/mol. FTIR and NMR spectroscopy
were consistent with the presence of grafted brushes. Furthermore, brush grafted NPs
were soluble in organic solvents. Publications: (1) N. Safaie et al., Polymer Chemistry,
2022, 73 (19), pp 2803-2812. (2) Robert C. Ferrier, Jr. “Facile Epoxide Polymerizations
with Sustainable Aluminum Catalysts.” Invited seminar. Kyoto University, January 2023.
(3) Robert C. Ferrier, Jr. “Facile Epoxide Polymerizations with Sustainable Aluminum
Catalysts.” Invited seminar. ACS Mid-Michigan, October 2022. (4) Robert C. Ferrier, Jr.,
Synthesis of (co)poly(thio)ethers using Earth abundant aluminum-based compounds.
Seminar. ACS National Meeting, Chicago, IL, August 2022.
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Development and characterization of metal oxide nanocrystalline
films for solar water splitting

Yasuhiro Tachibana RMIT University

Introduction

Photocatalytic water splitting is an attractive technology to produce sustainable
hydrogen gas from water using solar energy. To develop such photocatalytic materials, it
is vital to initiate water reduction and oxidation reactions before photogenerated electrons
and holes recombine. It is necessary to form nanocrystalline films to accelerate water
splitting reaction and retard charge recombination reaction.

In this project we have developed oxygen deficient tungsten oxide nanorods using a
simple method. Optical properties and photocatalytic performance were characterized by
employing a series of spectroscopies. We have conducted this project with Professor
Teranishi at the ICR.

Experimental

Tungstic acid (1 mmol) was dispersed in 15 mL OLA and 6.5 g ODE. The solution was
degassed to remove oxygen and water under vacuum at 125°C for 2 hrs. Subsequently,
the solution was heated to 320 °C under nitrogen atmosphere. The solution was
maintained at 320 °C for up to 12 hrs. The synthesized WOx nanorods were purified by
adding excess ethanol to remove excess ligands, the unreacted precursors, i.e. tungstic
acid, or by-products. Finally, the precipitated WOx nanorods were re-dispersed in
OA/toluene.

Results and Discussion

While the reaction temperature rises up to 320 °C, the solution colour was changed from
yellow to green, and finally to navy blue. The final navy blue solution was purified and
analysed using TEM, resulting in WOx nanorods with an average length of 13.5 nm and
width of 9.4 nm. The synthesized WOx nanorods are highly emissive with the emission
peak around 490 nm, a PL lifetime of around 4 nm and a PLQY of 2.3 %.

In addition to the synthesis and characterisation of WOXx nanorods, we are also

successful in synthesizing lead free metal halide perovskite nanocrystals.[1]

Outcomes
[1] T. Teranishi, Y. Tachibana and co-workers, J. Photopolym. Sci. Technol., Accepted (2022).
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Interdisciplinary Approach to Nanostructured Materials for Applications
Jean-Pierre Bucher Université de Strasbourg

We summarize here the progress on two fronts of our interdisciplinary project for which

Professor T. Teranishi is our ICR contact

Structural changes of inorganic nanoparticles (Teranishi, Kyoto) can be characterized

with much advantage by HR-TEM (Banhart, Strasbourg).

In 2022, Teranishi’s group has achieved the following results:

1) Synthesis of ~3 nm Pd nanoparticles (NPs) capped with 1-dodecanethiol or

triphenylphosphine ligand and confirmation of phase change from Pd to PdSx at around

250 °C by using synchrotron XRD.

2) Synthesis of wurtzite-CoS and spinel-Ni3Ses4 NPs larger than 15 nm.

Self-organization of single molecule magnets (SMM’s) by means of macrocycle

networks and LT-STM characterization.

The SMMs were synthezised in Strasbourg (Ruben’s group). This compound has been sent

to Nagoya where it will be incorporated in the synthesis of the 2D-crystal made of properly

functionalized pi-conjugated macrocycles (Tanaka’s group).

Simultaneously Tanaka’s group has undertaken the synthesis of the proper ligand to grow

the macrocycle. This optimization process is still ongoing. Next step will consist in

characterizing the crystallized sample, by means of conventional techniques such as X-ray

diffraction and optical techniques, before the drop cast 2D network is examined on Au(111).
Simultaneously M. Boero in Strasbourg, in collaboration with Bucher’s group, undertook

a molecular dynamics calculation to solve a long standing issue on the conformation of self-

assembled TbPc2 SMM in a 2D network. The results were compared with the STM data for

the simple case of self-assembled TbPc2 on Au(111). The calculated electron densities of the

TbPc2 molecules compare well with STM results and deepen our knowledge of these double-

decker SMMs in interaction with their environment. In particular, it is found that it is not

necessary to consider an azimuthal angle different from 45° between the two Pc ligands to

account for the experimental result. A publication is in preparation.
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Search for four-wave-mixing in the vacuum
— Unveiling dark components in the Universe —

Kensuke Homma Hiroshima University

Purpose and Method

The purpose of this study is to search for Four-Wave-Mixing (FWM) phenomena in the vacuum in
order to understand dark components in the Universe. So far, we have constructed and improved an
ultra-high vacuum chamber in ICR toward the search. In this vacuum chamber, two-color laser pulses
are collinearly combined and focused into the vacuum along the same optical axis. If photon-photon
interactions occur in the vacuum environment, generation of intrinsic FMW photons via the
stimulated interaction w+w —(2-u)w+uw is enhanced, where w is the energy of the creation
laser pulse and uw is the energy of the inducing laser pulse with O<u<1. The signal photon energy

in this scattering process corresponds to (2-u) w .

Progress and Achievements

We have extended the search by increasing laser intensity and developing a new method to handle
backgrounds from atomic FWM processes, in particular, from the optical elements included in the
searching system.

We summarize the published papers and a press release relevant to this subject during FY2022

as follows.

Published papers:

[1] Search for sub-eV axion-like particles in a stimulated resonant photon-photon collider with two laser beams based on a novel method to
discriminate pressure-independent components, Yuri Kirita, Takumi Hasada, Masaki Hashida, Yusuke Hirahara, Kensuke Homma*, Shunsuke
Inoue, Fumiya Ishibashi, Yoshihide Nakamiya, Liviu Neagu, Akihide Nobuhiro, Takaya Ozaki, Madalin-Mihai Rosu, Shuji Sakabe & Ovidiu
Tesileanu (The SAPPHIRES collaboration), Journal of High Energy Physics volume 2022, Article number: 176 (2022). (acknowledge the support

by ICR)

[2] Hunting dark energy with pressure-dependent photon-photon scattering, Taishi Katsuragawa, Shinya Matsuzaki, and Kensuke Homma, Phys.

Rev. D 106, 044011 — Published 3 August 2022. (acknowledge the support by ICR)

[3] Sensitivity to Axion-like Particles with a Three-Beam Stimulated Resonant Photon Collider around the eV Mass Range, Kensuke Homma *,

Fumiya Ishibashi, Yuri Kirita and Takumi Hasada, Universe 2023, 9(1), 20. (acknowledge the support by ICR)

Press release:

[1] https://www.hiroshima-u.ac.jp/news/72499 (acknowledge the support by ICR)
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Tin-perovskite thin film crystallization on new hole-transporting materials
Antonio Abate Helmholtz-Zentrum Berlin

Perovskites solar cells (PSCs) are bringing third-generation photovoltaic technologies to their golden
age, with power conversion efficiencies (PCE) over 25% and 32% for single junction and tandem
devices, respectively. Among their several advantages, their low cost of manufacturing is particularly
remarkable, opening the door to their implementation in all kind of environments, including their
integration in buildings and residences. However, the main component of the currently best
performing devices, i.e. lead (Pb), is strongly hindering the potential of this technology for this
application. The most promising candidate up to date to replace Pb is tin (Sn), with proven much
lower toxicity and the potential to overcome the PCE of Pb-based solar cells owing to their lower
bandgap. These compositions, while showing encouraging PCE values around 15%, face strong
stability challenges due to their structural and chemical nature. With this work, we aimed to point out
these problems from a critical perspective and propose the directions for the field to achieve efficient
and long-term stable lead-free Sn-based perovskite solar cells for the future implementation in all
kind of environments.

First, the composition of the Sn-based perovskite material is critical for its structural and thermal
stability. Using several A-site cations or introducing 2D/3D mixtures can lead to big increases in long-
term in-operando stabilities. Here, phenylethylammonium cations have shown a unique ability to
lower the density of defects, improve interfaces and blocking water penetration into the materials.
Second, we discussed the charge-selective layers with the strongest potential for Sn perovskites. We
highlighted the wide applicability and opportunities of fullerenes as electron transporting materials
and interface modifiers for p-i-n device architectures, as well as the possibility to optimize PEDOT-
based hole selective layer for enhancing charge extraction and stability at the bottom interface. We
pointed out the need for further investigations on the influence of inorganic charge selective layers
on the stability of Sn perovskites. Moreover, Sn(II)-containing materials always face the oxidation-
driven degradation. To address it, we proposed the use of DMSO-free solvents, as well as other
additives such as SnX2 ones or reductive organic materials. We also listed the typically less-discussed
intrinsic factors affecting Sn perovskites stability. Finally, we emphasized encapsulation strategies as
a critical step to develop towards the commercialization of lead-free Sn-based perovskite
photovoltaics and optoelectronics.

[1] E. Aktas, N. Rajamanickam, J. Pascual, S. Hu, M. H. Aldamasy, D. Di Girolamo, W. Li, G.
Nasti, E. Martinez-Ferrero, A. Wakamiya, E Palomares, A. Abate, Commun. Mater. 2022, 3,
104.
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Biochemical characterization of aldehyde dehydrogenases involved in the
biosynthesis of plant volatile benzenoids

Takao Koeduka Yamaguchi University

[ Research aims] Aromatic compounds, especially volatile benzenoids, derived from natural resources,
including rare plants, are known as functional components showing health-promoting activities and as
signaling molecules for interactions among organisms in ecosystems. Therefore, human being, especially plant
biochemists, are strongly interested in understanding their biosynthesis and regulatory mechanisms. In this
study, we aim to understand the formation and control mechanisms of diverse aromatic compounds at the
molecular level, and to analyze the function of dehydrogenases that convert benzaldehyde, an important
intermediate for volatile benzenoids, to benzoic acid.

[Method and results] We have succeeded in obtaining comprehensive gene expression data by transcriptome
analysis of the petal limb, flower buds, and leaves of petunia (Petunia hybrida), which nocturnally emits
volatile benzenoids as floral scent. We searched for candidate genes by tBLASTXx analysis using aldehyde
dehydrogenase (HcBD) from Hypericum calycinum as a query against the gene expression data of petunia. As
a result, we found a gene (contig 15074) that shows 73% identity at amino acid level with HcBD and was co-
expressed with known biosynthetic genes for volatile benzenoid. Next, we extracted total RNA from petunia
petals at different developmental stages of petunia flowers and at different times of the day and night, and
performed qRT-PCR analysis to examine the expression pattern of contig 15074. Then, we found that
contig 15074 was highly expressed post-anthesis and specifically in the evening. Furthermore, we also
expressed the recombinant proteins of contig 15074 in E. coli cells and purified them by Ni-affinity
chromatography. The resulting purified enzymes showed the activity to produce benzoic acid from
benzaldehyde in the presence of NAD" or NADP™. The high enzymatic activity was found at a wide pH range
of pH 6.5-10.0 and the purified enzymes displayed apparent K,, value of 92.7+6.0 uM for benzaldehyde. These
results suggest that contig 15074 encodes a benzaldehyde dehydrogenase that produces benzoic acid
(hereafter referred to as PhnBALDH). The substrate specificity of PhABALDH is currently being analyzed.

[Summary] In petunia that attracts nocturnal moths as pollinators, the production of floral scent increases
after flowering at night. The expression pattern of PABALDH was positively correlated with the production
pattern of petunia floral scent, suggesting that it is responsible for the biosynthesis of floral scent in petals.
This is the first report of benzaldehyde dehydrogenase in Solanaceous plants, and the ability to utilize both
NAD" and NADP" as cofactors is the first enzymatic property of this enzyme family. To elucidate the
contribution of PhABALDH in petunia petals, we are now trying to generate transgenic petunias overexpressing

or deleting PhBALDH to examine the effect of benzaldehyde dehydrogenase on the production of floral scent.

—-103—



2022-104

Regulatory Role of Phytohormone Cytokinin
on Leaf Epidermal Cell Differentiation

Shiori Aki Nara Institute of Science and Technology

Objectives: The leaf surface is composed of various types of cells including pavement,
trichome, and stomatal cells, all of which differentiate from meristematic cells in the leaf
epidermis concomitantly with leaf development. Although the differentiation of leaf epidermal
cells proceeds basically according to the genetic program, it is greatly influenced by
environmental conditions and plant growth statuses. Due to the accessibility of the leaf surface
for many purposes, differentiation processes of leaf epidermal cells have been intensively
investigated in genetic and physiological studies. As a result, regulatory factors and their
networks have been clarified to a large extent for leaf epidermal cell differentiation, especially
for differentiation of trichomes and stomata in Arabidopsis thaliana. However, regulatory
mechanisms for the transition of leaf epidermal cells from the proliferation state to the
differentiation state remain relatively unclear. In this study, we focus on cytokinin, a
phytohormone involved in the transition from proliferation to differentiation, and genetically
examined its involvement in leaf epidermal cells differentiation.

Experimental Methods: The Arabidopsis transposon-tagging mutants SM_3 33583 and
SM_3 38189 for the cytokinin oxidase/dehydrogenase genes CKX4 (AT4G29740) and CKX5
(AT1G75450), respectively, were obtained from Arabidopsis Biological Resource Center
(ABRC). Their homozygous mutant lines were established and crossed with each other to
obtain their double mutant. Single and double mutant lines of the genes were examined for
their morphological phenotypes in the leaf surface and total plant development.

Results and Discussion: To investigate effects of cytokinin on the cell differentiation of leaf
epidermal cells genetically, we utilized Arabidopsis mutants defective in cytokinin
oxidase/dehydrogenase (CKX), a cytokinin-metabolizing enzyme that irreversibly inactivates
the endogenous cytokinin trans-zeatin. Among seven Arabidopsis CKX genes, we selected
CKX4 and CKX5, which are expressed at relatively high revels in the shoot apex including the
leaf epidermal meristem, and obtained their transposon-tagging mutant lines, SM_3 33583 and
SM_3 38189 (designated as ckx4 and ckx5, respectively) from ABRC. We determined that
both ckx4 and ckx5 contain the transposon insertion in the first coding exons of their relevant
CKX genes, indicating that they are loss-of-function mutants. We crossed them and obtained
the ckx4ckx5 double mutant in the F2 generation. Neither the single nor double mutants
exhibited obvious phenotypes in the leaf surface. Because environmental stresses greatly
enhanced the expression of those CKX genes, their phenotypes are assumed to appear only
conditionally. Phenotypic analyses under stressed conditions, e.g., treating with exogenous

cytokinin, will be effective for further investigation.
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Electronic and spintronic properties of multilayer system
including NiCo0:04 and Fe;04

Taro Nagahama Hokkaido University

Introduction: Oxide magnetic materials are a promising new class of spintronic materials, characterized by
advantageous features such as a high transition temperature and large spin polarization. Furthermore, its
various electrical conductivity makes it a crucial component in the semiconductor spintronics, currently facing
material issues. In this investigation, the epitaxial heterojunction of Fe;O4 and NiCo0,04 were evaluated with
an aim towards realizing p-n junctions in the future. Fe3O4, a conventional Fe oxide, has been reported to
exhibit n-type semiconductor behavior, while NiCo,04, a newly-observed oxide magnet attracting much
attention, has reported to have p-type conductivity. Since both are spinel structures, it is expected that epitaxial
growth can be achieved. In this study, Fe304/NiCo0,04 bilayer films were prepared by reactive molecular beam
epitaxy and their properties were investigated.

Experiment: Multilayers were prepared on MgO(100) substrates by reactive molecular beam epitaxy method
in the oxygen atmosphere. The layer structure of the MTJs was MgO(100) substrate/MgO buffer (20
nm)/NiC0204 (24 nm)/MgO (0 or 1 nm)/Fe304 (30 nm) /AlOx (5 nm). Epitaxial growth and crystal structure
were investigated by RHEED and XRD.

Results and discussions: In the sample preparations, the order of deposition was an important point. In the
order of the subst./Fe304/NiCo,04, the annealing in high oxygen partial pressure of 300 Pa was necessary to
grow epitaxial NiCo,0O4 layer, which would bring about excessive oxidation of bottom Fe3O4 layer. On the
other hands, for the opposite order, subst./NiCo,04/Fe304, the multilayers were exposed to heat treatment at a
high temperature of 873K, which would result in the phase separation of NiC0,04 layer. Adding to that, bottom
interface of Fe3O4 tend to show dense anti-phase boundary. Figure 1 showed RHEED patterns and XRD
profiles of NiCo0,04/Fe;04 films. The epitaxial growth of each layer was confirmed in the Fig.l. We
investigated the magnetic coupling of bilayer
by insertion of MgO layer of 1 nm. Obvious
direct magnetic coupling was observed in the

bilayer without MgO layer.

Publication and Conference: 1, Hara et al.,

" . "NCO(24)MgO(1)/Fe,0,(10)
Inverse Tunnel Magnetoresistance of Fe;0,(001) 2 [ NCO@AYFe,010) * substrate
Magnetic Tunnel Junctions with a NiCo0,04 g1
Electrode" AIP Advances accepted. 2, NiCo,04(001) g1 : % I
=l 2 le g

Nagahama et al., " Observation of the % | g /|¥ 3

g MgO(001) subst. | & | AR
negative spin polarization of NiCo,0O4 by b sl oy
tunnel magnetoresistance” ICMSF2022 Layerstijcire 20/0 (deg.)

Okinawa, July 2022. Fig.1 RHEED patterns and XRD profiles for NiC0,04/Fe;Oa.
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Fig. 1. Model construction. Fig. 2. Spectral distribution of |V},].

[1] K. Shizu and H. Kaji, J. Phys. Chem. A 125, 9000 (2021).
[2]Y. Nishimura and H. Nakai, J. Comput. Chem. 40, 1538 (2019).
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Analysis of the physiological functions of extracellular vesicles produced by
intestinal bacteria and their application

Atsushi Kurata Kindai University

Introduction:

The animal gastrointestinal tract is inhabited by a complex community of bacteria. Gut
bacteria contribute to the maintenance of host physiological functions through the production of
bacterial metabolites. Membrane vesicles (MVs) produced by intestinal bacteria are attracting
the attention as novel bioactive substances. Within this context, the first objective of this study
is to elucidate the physiological effects of enterobacterial MVs on host organisms and the
production mechanisms of MVs from intestinal bacteria. The second objective is to develop the

novel expression systems for heterologous proteins using MVs-producing bacteria.

Results:
1. Properties of MVs produced by intestinal bacteria.

We detected a large amount of MVs in the rat gastrointestinal tract. Lactiplantibacillus
plantarum produces MVs that activate innate and acquired immune responses. L. plantarum
induces an immunostimulation though the Toll-like receptor 2 recognition of the N-acylated
amino acid moiety of lipoprotein in the MVs. Bifidobacterium longum subsp. infantis produces
MVs. Extracellular solute-binding protein in B. infantis MVs is involved in the production of
IgA by acquired immune cells via the production of IL-6 by innate immune cells. These bacterial
strains produce useful MVs. We plan to develop novel strains that produce large amounts of MV's
using the bacterial strains.

On the other hand, abnormal immune responses in the gut causes inflammatory bowel
disease. MVs derived from L. plantarum NBRC 15891 inhibited the lipopolysaccharide-induced
inflammation in HT-29 cells. Additionally, MVs were orally administered to mice with dextran
sodium sulfate-induced colitis, which tended to decrease neutrophil infiltration in the colonic

lamina propria and reduced the symptoms of colitis.

2. Function of the major cargo protein of MVs from Shewanella vesiculosa HM13.

S. vesiculosa HM13 isolated from intestinal contents of horse mackerel (7rachurus
Jjaponicus) abundantly produces MVs, which carry a major cargo protein named P49 on their
surface. By nanoparticle tracking analysis of MVs from a P49-less mutant and its parent strain,
we found that MVs from the mutant were prone to aggregation. We also found that the addition
of purified P49 to the P49-free MVs improved their dispersibility. Thus, P49 on the surface of
MVs probably suppresses aggregation of MVs. This function may be beneficial for increasing

the surface area of MVs and for their long-distance delivery.

—108—



2022-109

Analysis of membrane lipid-dependent fermentation stress response
in acetic acid bacteria

Yosuke Toyotake Ritsumeikan University

[Introduction] Acetic acid shows potent antimicrobial activity and inhibits the growth of most
microorganisms even at low concentrations. However, acetic acid bacteria (AAB) such as
Acetobacter spp. can produce acetic acid from ethanol and possess extraordinary resistance to acetic
acid. Many researchers have analyzed the mechanism of acetic acid resistance in AAB, but the full
extent of this mechanism has not yet been elucidated. In particular, the contribution of membrane
lipids of AAB to acetic acid tolerance has not been fully understood.

AAB produce phosphatidylcholine (PC) as a membrane phospholipid (PL), constituting the cell
membrane. Although previous studies have suggested that PC is involved in acetic acid tolerance,
the physiological functions of PC in detail remain unknown. To elucidate PC functions in AAB, we
previously constructed the PC-deficient mutant of A. pasteurianus SKU1108. In this study, we

showed that the loss of PC reduces various stress tolerance in A. pasteurianus SKU1108.

[Results and Discussion] AAB synthesize PC from phosphatidylethanolamine (PE) using PE
N-methyltransferase (PmtA). Thus, we constructed a markerless pmtA4-deletion mutant (ApmtA)
from the parental strain of A. pasteurianus SKU1108 by homologous recombination. We confirmed
that PC was not produced, but PE was accumulated in ApmtA by analyzing the membrane PLs using
thin-layer chromatography. In addition, the introduction of the pmt4-complementation plasmid,
under the control of its native promoter, into ApmtA restored the synthesis of PC.

The colony-forming ability of Apmt4 on agar medium supplemented with acetic acid was
compared with that of the parental strain, and Apm¢A4 showed higher sensitivity to acetic acid than
the parental strain. In addition, ApmtA did not grow well on agar medium acidified with
hydrochloric acid to pH 3.5 compared with the parental strain. These results indicated that PC is
important for the growth of this strain both in the presence of acetic acid and in low pH
environments. In addition, we demonstrated that ApmtA4 did not grow well at higher temperatures or
under oxidative stress caused by hydrogen peroxide, suggesting that PC also contributes to the

thermotolerance and oxidative tolerance of A. pasteurianus SKU1108.

[Conference]

1. Toyotake Y, Yamamoto S, Hara Y, Tsuji A, Kawamata Y, Matsui D, Wakayama M “Analysis of
phosphatidylcholine-regulated membrane functions of acetic acid bacteria.” Japanese Society for
Extremophiles 2022

2. Yamakawa W, Toyotake Y, Tsuji A, Matsui D, Wakayama M “Physiological function analysis of
squalene cyclase homologs from acetic acid bacteria” Japanese Society for Extremophiles 2022
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T VANEAEIC X DEEERICE S FHEBEICAR S ms 7 7 UL, okl S &gy
FHIZ L - T, PIHHERAERE G R E o2 5425 L ahd, ZOMEERBUIZIIKAEE LT
WHEEINDD, INETIZT 7 YHNEROH DT R STV vy, AWFZETIE, PEFERIT -
IR YL (ATR near/mid-IR) A-~X7 kL7~ 5 Poly(polyethylene glycol monomethoxy ether methacrylate)
(P(PEGMA)) 7 7 “INERD F D KM % 54 L 72,

EZ| BYEDE S EES ATR B2 H L, 4 20 PPEGMA) Kigk T ok, 3 LT ATR
fidm (U ay) ki, mETICBT2RARFBE T PV VESGIEIZI VR L, HaEE (70,
218, 1130 nm) @ P(PEGMA) 7 7 “H ™D /K® ATR near/mid-IR A7 kL& 157,

[(EREBLIOEE] 1 |2, OH fhiFIRBI#E G & Yoy Vasyn

(vt vasyn) F LOFFBIRE) (vi), HOH ZAERE (), P )
i B ﬁlulﬂH 1]

Van DFEEHE (g + 0+ ) &, EFRIMEBOMAK DK %WW

vsyn+b+ W

(W : EEEE—R) 2
o
g

6000

<46870=
639 U
21K

AT MV ERT, REEBEOBIE, waEATE
D, KSFDOEAFI 7 AETEERE G2 5,

i 2 DIEE D P(PEGMA) 7 7 ¥ H1 DK D ATR-NIR A< L
7 MVOFHIED G, BTENTRDO D AT MLva 525 2 L B 1. #liko ATR-NIR A7 bV KOsy 5B
DTE DO, FRFEE 1130nm O 7 7 DHThoTz, —fKIZT ARy MEDEVIARIES 4,
(UoHTR &) 13 Harrick's U TR 41, ARIZBWTIZ 200 nm F2JE & BFED 651050, LI EDOREE
MULETH -7, ZiUL, Harrick's BV TIL dp Z# REOELIREN 1/e IZRDES EERLTND
ZEIZEDBbDOTH D,

6249

<

7500 6500

Vsyn+ Vasyn+ w vsyn+ Vasyn
fliz PR EE (BKE 0—60 wi%) D 47475 om? ¢ |[7073 om™ ) 6936 o, ;] 6786 g 6459 et 6288 cmd
P(PEGMA) KIS & NI ICHE A 50| Jee® |, L00%% « ° . cy .
S04 o 4 . 4 4 ® .
L7z P(PEGMA)7§ DK ORI GR o2 ° 2 2w o 2f e 2 * O. 2
FED g & , G4l P(PEGMA)7§ 2 0030 40 %| 20 40 0 20 40 0 20 40 0 20 4:) % 20 40

DEKFE ~30 wi% & FFES Hivi-,

water contents / wt%

X 2. P(PEGMA)/KIAEF & O P(PEGMA) 7 7 o 1 DK D UL ARFML I

P(PEGMA)/K{&E# & P(PEGMA)~” 7 ALY N VDRSS Bl R

H DK D NIR FEIROD AT N VRS O3 BERE SR A X 2 (2R3, K T O RIEREE) & S~ 2% nL 5oy O
FEEETHD vgn + 5+ /N ROWIREE X, [R5 KFED P(PEGMA)KIEIK DIRE DS RETH Y,
P(PEGMAYKIEIR ~10wt% L RIFRE CTh 7=, Zhix, @7 7 > O—umdEEICER T 5 & a1
ZEDOEIVEL IS, KFAKOEIELE FLTWDZ EE2RLTNWD, ZOES 177 DKy
FOBEBEDIKTIL, 77 vWNIZBIT 2 KOHHREZER), &2 WITET T > ORI K E < EE %
KiFFeE2N5,
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3D TV EERAWEE U AD 3 RITIHEERE
MRS kR

SZHAMEHE, SROSEET 4 V4, KRBT/ SL—%, BIRPIKM E L TOREMERR, k%
IKAVIERC /K LI 7 & O BREZBEMIAA R, ML IF AT IR 28 Sob 72 & D EIRM Bl S IR 43 87 C
SN THD, ZNET, FxRZAMBREMMEES N TE 7228, £/ U A (Monolith) (X 3 Ritx
v N = ROBEEEFD, Xy NU—27 OFEY A XL, ZOZERTH HERGZEILOT A X%
FSEAZHIE T & 2R WA LB LU CHER ST b, IESR AL A FERT OO 3 8l B 2% & il
ERK GefbrZeamBhE, BB AMZEAT) 1, Sk PR FELBE L ¢, EafkEAy
)= ENGRERAT D 2R URARY ~—F ) U ATHHLRLAMBAAIE L C&E e, —F, W&
HITZNE T, Additive Manufacturing (AM, 3D Printing & HIFHEN D) OFEAAISH LT, #Hik
IR 2 T D EA S ME- BT IS S AN R OBH%E, B n—RF ) 77 A "—D 3WILEIC
He v #AC& 7o, ARBFFETIE A OBAN &, 8= & O FUEHIEHAT - &keT / U A5 R 4
e L, 3G ZHIE LFAY ~—F /U RAZAIETHZ L ZANET D,

THEFR S OHEIFTIE, AU E=AT7a—n (PVA) OFEMO EIZZRF TV RE VAR T D
LT, FLOAELIEAF UEOREZ S Z EICRERH 5, PVA RO Z AMIZ K-> TERT S
ZEIZRY, BREDOIWRITIBIRDE /) V AREZAF-S 22 LN TE 5, REEIL, £/ VAEHRETD
BROFEEHAL T DMF 21T o7, Al ZOMEET L E LT3RmmA e ) A HEEZER LT, A
J A (Voronoi Diagram) &%, & %ZEMIAEEDOMEICEE SH-EHKOA (B LT, £
NENDORERRO 2 F 5K > CTREI SN K> Tl SN EEThDH (72720 2 ko=
—7 Uy FEmEOSRE), vk 3k —7 Uy REMICIRE L7 b O 3 kdhe /A KThH D,
TEORRD 3 WA n ) A #iEEET MET 57290 3D-CAD & LT, Rhinoceros (AppliCraft 1)
LT T T 4 ANT Y X IATT 4 X —Grasshopper & H\ 7=, Grasshopper & W25 &, 3 RICZEM
ICHBLSE RO, IHEOKRKEEZ/23T7 A M) v 7 IZHIfITE 5, Figure 11%., REROEZ 37K
W L= 3oeAh e S AEEOR &, AM TER LT 3WIcAr /A E&ETHDH, S%IL. AEED
B 2 PVA TR 2 80 2 BRI 2,

Figure 1. Models created with Rhinoceros with Grasshopper (left) and a 3D Voronoi structure

modelled with additive manufacturing (right).
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HETF M T U VRAKITEBIT D ERESIERIE OB

HEBE HOTHERSE

ARG TIX, BetET 2 ¥ » TEMBIENC 1 DOF R EALFWAE LTT 31 A& BV T,
BEGEIINR I A & AR D HET b o R VKRR R 28152 L ERBEHRHTRN R 2 285

LT LaHME LT,

RIS 30 nm O L R E RSO T ) VA YDOT =—/ (NEY WHE DA T, 10 kOe LA

FoEREE AT D Ll SRR
PEBLAE L T U A ¥ % Si/SIOp BofR 11
EREERG 2 [ A RE) & B
L7z,

BARRY V7T 7 412X Si/Sior £
W bic, st 2 U4 YRt LT
? Co/Pt ZXHAERET /) U A ¥ & BHHER
L, 7=— VA E Lz (X1 /),

I VSM

H_ =108kOe -
H_, =10.7 kOe
H, =10.6kOe |

60 40 20 0 20 40 60
H (kOe)

X1/ fESdEEIC L ER L. L1 BIAE CoPt B
fifmr/ UA Yo SEMg () & M-H 7—7 (h)

It “7 Nano-Beam Cross-Sectional HAADF-STEM Image
4 Electron Diffraction Near the Top of Nanowire

J ) R G, T = — s

T 10 kOe £ M2 HIRBEN & AT HHRE [

P DAY BRERLINTHD (K1
Hi)o

2 ot va NS X #RIET (GI-XRD)
REp—v b T e—LETRPT
(NED) /% — A28\ T (K2 £ -
H) . BREEMET T A A Lo BRI
B LWL EafER LI /U

X 2 B&WEMET 2 DA YO 2 WL AR X RRET
(GI-XRD) & —r (fE), EASORIDOF ) TA YD
Wrih BF-TEM & (fhdefe b)), RAITIRE LT v —
L& BT (NED) ~&—r | BT ARy b OR
KH) & EARRAR N GERAD (FU), &A B
R EA R E S (HAADF-STEM) % (F).

A YWIHEIE, T/ A7 =BV TREAT X =DM D EA Y ROBIRIZ /2> T
(K 2dh/e b)), 61T, S EERRE R EA RIS E 7 BME (HAADF-STEM) 14 CWri 2§k
KU, T/ U4 YRR EEDEMERBIIR>T0NDZ L 2R L (K2 4),

8 nmOF¥ v v TRAEHT HHANCIBBENET / X v v 7 EMmRE - / EFHEEIC L0 ERL, 3t
[FIFSEH OFEERNERT DT k%, BOME7 X2k ) Fx v 7EmHIC 1o
L WE STz, Btk Y — AR, ) ki1 REE R LA VB O DB T VAXICE
W, BIBRZR 7 —a U A TR REREZBIE LTz, S 512, BHEOM S ITRK Lz A B ARTFH
B b RVRERIREIS R A . I ORISR S KT L0 R LT,

1. R. Toyama, S. Kawachi, J. Yamaura, T. Fujita, Y. Murakami, H. Hosono, Y. Majima, Nanoscale Advances,

4, 5270-5280 (2022).
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HireBERmIZe R 7 T 2 F —2Ehh LT Zouisheftit o g

HIAsaRE] AR

HFrRE T Rl A Ve Hy 2380081 & 97 2 KRG T, Hy OTEYE LY A FTH L8R
TR RIS R -SRI R ORI CEETH D, ARFFETIE, MILETIELZ HoHE
Frd BRI O &8k 7R w2 EHEMBAER 2 Ffo=A4 7o v 2 VO&RER L 7 7 A% — (POM)
EAER S D8 LA TFIEOBFE & | BA%S L 7o il 2 7o ZooBRe Al Ve A o fig B & KB AL RS
THRFE L 72.

1. SR T — BRI 7 T A% — " JekRei O3 & = b m ROKEBISE~DIH D

4 VA HE o

(AU/A1203) %i/ﬁitﬁ,’jj(f k 7k7fx"'ﬂ:3jfl:{£ /©/NO /©/NH @/ ©/
Reaction (a, b)

TERL L 72, AWALOs D Au (Z5f Ll POM e e b i i
DKV (KsNbeO19, KsTagOi)lZ AWALOs &R resinto (@r (@/ (@( H@/
é\ l/f:. #Eﬁ:/:i:?(ﬁ; {5'6{% ° IEILIX [_/, 333 K T/E\élé p-nlitroslyrene1 p-ethylaniline: 2¢ P
Wil ST POM Z (24 L 72 Aw/ALO; (Nb6-, Substrate Catalyst Conversion | Selectivity (%)

/8 (%) (2c¢:3c:4c¢)
Ta6-Auw/ALO3) #457=. STEM. EDX. XAFS, Nb6/ALOS 03 -
XPS LV, Au KL FREIZZ 7 AZ—HEIRH p-NP Au/Al,05 40

Nb6-Au 84
WCRE L, 7 T AX—=5 Au ki -~DETft Ta6-Au 66
. — Au+K,CO3 65
E‘ﬁ)t\—/)(b\é\—k%%%ﬁxk—bfuo p'*‘]\ NB AU/A|203 24
07 x /J — /L (p-NP) D /K F Ak Bt TIiE, Nb6-Au 43 -
B . p-NS Au/Al,03 21 3:97:>1

Au/ALO3; ~0 POM &6 X v bR LAy Nb6-Au % 92:4:4

el Shiz. ALOs IZ Nb6 % & iR L 7z ikkt

TITHALRPME <, HiHEE LT KoCOs ZMMA 5 & AwWALO; TRISHEIT L7 Z &b, AuT /R T
CHIEOIGENEETHDL EEZLND. 72, Nb6 [ZXDEHMICEY = b XUEB U NBEWD p-
= kB AF L U (p-NS)DKFEACS IS DR L M E L7, LLENDS, AuNPs & POM OS2 T Hy D
TEMEAED R S HETT U, KSBABTENEA M) b L7z & fiam L7z,
2. Pt(NbeOyo), il 2 FV Nz R LIRFRIZ L D B XY ¥ D N-AR L 2 UL RS ~DIR A 2

Ak L7z CsoKioPt(NbgOpo)or 18H,0 Z il & L C "I bR FBIC L D B2 20 D N-k L 2 ARG
Z1T-72. 1.0 MPa @ COa, 2.0 MPa ® Ha 56T, 130CT/RIGZIT -T2 & 2A, BTV Unh -
RV INERY DU RBIRBNT AR L T, SOG#% OfilfiiZ TEM, XAFS FT-IR Till_72 & Z 5 NbeOio
D—FED 53R L TTE 72 NbOs KIS Pt 7~/ RiF-23ERL L, —H#80 NbeO1o 23 Pt 7~/ i 2K (W
A LTESTER L TR0 . Z ORI N-AR/V I BSOS IZTIEMEZ 7R L7c & flam LT, A3
NRY VT TR MOT I DR IMUT bIEREE R T I E A R LT,
1) "Dual functional catalysis of [NbsO19]% -modified Au/AL,Os", S. Kikkawa, S. Fukuda, J. Hirayama, N. Shirai, R.

Takahata, K. Suzuki, K. Yamaguchi, T. Teranishi, S. Yamazoe, Chem. Commun., 58, 9018-9021 (2022).

2) "Bifunctional platinum-incorporated polyoxoniobate derived catalyst for N-formylation of piperidine using CO,", V.

Chudatemiya, S. Kikkawa, J. Hirayama, R. Takahata, T. Teranishi, M. Tamura, S. Yamazoe, Asian J. Org. Chem.,
2022, €202200521 (2022). F1/3—7— MZi®H
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BEFEMENTORE—=KRTEF Ny MNEKFOEFIESMEL
EAR R 2 ) O [R] B

EEE AR TERY

LR N LT Fu—FTEONEF ) 4 X0FEE (BT Fy b) 13, EAx—2 - B8
N7 BT RO ER & L TAfF I T2, LEFEFTORIL GERIFFZEE) Sic X v F
IR S 1172 CunS BT F v MK T = v Fid, Ul 2 — B o WAHE ©ff 5 1 2 A2 REZR = KJT
BETFYy M EAKRTH L, Clo,SETFY FZ U RIGE ) KXo THF—AEELC SNV FFy v
7% T & O BEHNNCE RIS X 0 RS L C R 2 BRI Z R TR L,
BRI L O AaZE® 2z, I 70 PEfRTe L CoritEra T 5, 22T, &Ll
BIZEARHT STM @ 7w — 7% v CEEHIIN A TR 2 i % & OB E 7 iEM#E~ (TEM) H
W Cu S BF Ny MK T o v F~BIEHNNZ O5EI5 & BLNHIE © FIREEHI 2170, ke
BRI B 2 SR & S L 72,

Cw,S BT Fy MKy FRIEHEICL VAR DD
% HEFFFEH ORI X 0 3D 2 TEM BIZIC(E L 7=, B T e
gy F1IAZERAA Ve —LNTEEE (FIB) XYy s Ty -
7 BRI TEM 270 v Fic & v 7 27 v CHe#S L. TEM BIZER
el (K1), BEXREES X208 TEM BB -oic, K
HOEME Y v P b IRTOEME STM 7u—7L L, @i
Toy VoLroEGGELZFHITE 2 X5l (M2),

TEM T STM 7'u — 7% EEL. B2 v Fo—iic Bl
XH 3 LT, BIEAMZ 0% TEM B % 1T\, [FKFICEREL
Rtk oBlE IV EE) %2175 2 LTI L7, EEAME, TEM
BRONIFREIR K E CHEAbN S 2 L 3L, EH O T HROBIE
DARETH o7z, BHEIZ 0.8 VIEE L THIM T % Z & AA[RETH - . Siflnrobe
7zo IV ERBRIZIEA — I v 7 R R L. BRMR L Ex LN D
%#% R~ L7 (X3), TEM 7V v F & DR L STM 71 — 73t
Cx vy ZRTvTh Y Mgk TH 5, AEBRTEISE-FE 7
O RTATRE NTEY . vay b O X BRI
BRNT-AREND S 5, 72, BELX LA ¥, P4 s
X oicho 72 HE, KT ey FoECEARL N, 0% 57
{LAssiben BIEHED 3 © FERHLOBL 0 0, BFAIIED
Va—VIEIC X B b D2, BRFRTIRHEIBISEE L w, SR, & | —

WRHE TEM B8 HLBOMIT I & 3 REMI A FFIEAS B < 5 e
3 Bt ey Fo IV iR

Superlattice rod

TEM grid

15.0kV 1,000 i0am

X1 TEM 7'V v FicEkE L 7230k

Superlattice rod

2 e EfRO STM 7o —7

100

80

ent (nA)

C
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HAEFRERIR « RE/ A A~ 2DFHH LFF B~ DN RE AL DBRFE

=

W
B

BRI

N

B#:

AIFFRITHAETTREGIR T D RENRA A~ AN, TR THEI L= =%

Z | el R 2 B Lo A LT E ~ ORIV RIFNE DR A2 BR &3 5, WF5EH )
FOACFHGERAT - PRAFSRE TIE, R bR FEAK & A HEER AR BB S AL A2 T
M DENRI 5 ﬁﬂp//\ﬁklilﬂﬂ{ﬁ@ﬁvﬁ%%ﬁo’m\éo Z OB, AR A ARE L Y MC
EHEEH S, BECEMIMRER MBS LTER SN EAR—RF ) T 7 4 /N —

(CNF) tROMEIE N ERE, ARESND 2 2R L TS, HEEHIL, AX A OHEN
IR ZER L T, TERBFRIAIE N 6, 24U D AR T K 2 MRk E O RiitE 2 b 2 rIdi b
HREREG LTz, T DL, fﬁ%ﬁ/ﬁﬁ(fﬁc‘: SEM ZfFH LT, V7 =r, o —REDIFEEL
&AL L CEiEMEE) . SEM % W\ CTEEE L~V OJERE R AL & BB 5 R 2 HE 4
L7z (CLEM {£: % - - BEMERARBIE) . ANFZEIE, @I bR TR & A2 X 2 AR 4>
R 2 . BB AL OMITICE R 2 B & . A D e b AR o AL
WE DN RIE BRI LRSS - ffTa1T> Z L 2 HIE T 5,

ERAE EREBER. ER:

AR (2022 4F) (3. HFBEMBHOE A FUIR (QumE) 2T, fS{fE R AM
fRIZER AR A RELE L 72, A FARE - LHMEEORKOEYIA (# 4 mm x5 mm x 0.009 mm) % {E
LT, 35%. 30 %. 25 %. 20 %. 0 % H202iH iz L T, #HEfb < 60 "CIRIEZTA
W, MR BN $Thakfiiz i~z L 25, 30 % H202iF <i3f 1.5 H%. 20 % H20:
W TIldA 2.5 HizIcHE U R ok B, S EWTREZHW2 221k b, H02
DD BT (DN 7 L ) ZhFRANCGEEMITEE D 53 2 5 2 & 23S B A
> 7z, IS D EIX 0.04~0.3ml L E{LE 7225, IZIEFAROFERTH - 72, X, 0% H202
i ClE, YA ofkIE 4 B EE S F7- Tz, X, 60 ‘CLUAL DR (50 °C, 65 °C,
70 °C, 80 °C) TOH DO EEZIT-o7/2E T A, HEMNEVIZE, X, H02BE 2 E I
& BAYR oA Nz, ZoFEERIZ. HUR % 60 "CEDANR L 72 H202 3 H1iC
FHET 2720 offifE s <, T MEOAME (#)4x5x0.009 mm =0.18 mm3) &, X
Aotk FEK (0.04 mlATRE) % T FIEEIYIC R FAREE DL o i@ iR % B ik
AHETH b, AEBRIWMEORKISH CTRAERZD, 96 N7 L — FEEZH VT, L hah¥E
(1 7L F o iR % T DD R 2 ) —= v ZIC b IEHTTREL £ 2 b B,

ST, T ORIGERRIC BT 2 REDREY O FIE % BRI ITEE TfTo T &3k,
R D MRE 2L % Lignin, Cellulose, Hemicellulose B2 D21 LicEH L TiT> T
W E Tz
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Functional analysis of non-canonical strigolactones as plant hormones and
root-derived signals

Yoshiya Seto  Meiji University

[The aim of this study] Strigolactones (SLs) are plant hormones w Ho__o
. =
that regulate shoot branching, and also function as root-derived 00 OT\?:O
chemical signals. SLs are biosynthesized from carotenoids via a key car('?;CLtgme carlac(?;’fﬁ‘)c 2cid
intermediate molecule called carlactone (CL). In a model plant, / lCLAMT

Arabidopsis, CL is further converted into carlactonoic acid (CLA) by Ve
%‘1 \ %

a cytochrome P450 monooxygenase, MORE AXILLARY
GROWTHI (CYP711A). We previously identified methyl esterified

4-deoxyorobanchol methylcarlactonoate
. . . . (4DO) (MeCLA)
derivative of CLA, methylcarlactonoate (MeCLA) in Arabidopsis, ‘ ‘
and found that MeCLA can interact with the Arabidopsis SL receptor _ ,
canonical-SL non-canonical SL
=ABCD 4-ring =lacks B or C ring

protein, AtD14. On the other hand, CL and CLA were not able to Fig. 1. The oullin of the biosynthetic pathway for
interact with AtD14, suggesting that the methyl esterification step is canonical and non-canonical SLs.

critical to converting a biologically inactive precursor to a bioactive hormone molecule. Conventional SL
molecules have the tricyclic lactone ring part (ABC-ring) that is connected to another butanolide lactone part
(D-ring) via an enol ether bridge. However, CL derivatives lack BC ring system and possess only the A and D
rings. After the discovery of CL derivatives, structurally similar molecules have been isolated from various
plant species. Currently, these new types of SL molecules are classified to be 'non-canonical' SLs, whereas the
conventional SLs are called 'canonical' SL (Fig. 1). Although, these new types of SL molecules have been
identified, the functional difference between canonical and non-canonical SLs are not fully understood. In this
collaborative project with Prof. Shinjiro Yamaguchi in ICR, Kyoto University, we planned to clarify the
biological role of non-canonical SL by focusing on carlactonoic acid methyltransferase (CLAMT), which is
the key enzyme to produce non-canonical SLs (Fig. 1).

[Results] To understand the functional difference between canonical and non-canonical SLs, we chose
tomato as a plant material in which both of these two types of SLs are biosynthesized from a common
intermediate, CLA. We found a CLAMT candidate gene in the tomato genome (SICLAMT) and attempted to
obtain the c/lamt knockout mutant using CRISPR-CAS9 method. We have successfully obtained several mutant
lines in all of which some nucleotides are inserted or deleted in the coding region of the SICLAMT gene. We
grew these s/clamt mutants and found that the growth of the axillary buds in s/c/lamt mutant is activated
compared with that in the WT plant. We compared the phenotype of the slclamt mutant with another SL
biosynthetic mutant, slccd8. As a result, the branching phenotype of slccd8 was much more severe compared
with that of slclamt. These results strongly suggest that the CLAMT pathway products have an important role

in shoot branching inhibition in tomato.
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Preparation of multi-stimuli-responsive polymer via controlled radical
polymerization

Shinichi Yusa University of Hyogo

Introduction: A lower critical solution temperature (LCST) type polymer can dissolve in water
below the LCST, however it cannot dissolve in water above the LCST. In this study, diblock
copolymers (E9sN») composed of poly(di(ethylene glycol) ethyl ether acrylate) (PeDEGA, E) and
poly(N-isopropylacrylamide) (PNIPAM, N) i

were prepared via organotellurium-mediated v"}ié«? EPR

radical polymerization (TERP). EosNy -T-

composed of PeDEGA (LCSTa) and *@f@éﬁ* @

PNIPAM (LCSTs) shows a two-stage LCST G

(LCSTa < LCSTs). It is expected that EosN, ® — O ~® — '@ 5
. . ws

can be applied for for drug delivery (DDS) LCST,<T<LCST,  LCSTG<T Endocytosis T<LCST,

(Fig 1). Hydrophobic drugs can be
encapsulated in the Pe(DEGA core of polymer
micelles which are formed at LCSTa <
temperature (7) < LCSTs, and have good retention in blood.
When drug-encapsulated micelles are introduced into blood,

Fig. 1 Conceptual diagram of dual temperature-responsive
diblock copolymers in DDS.

EgsN,,, n = 67, 298, 339
+CHz~ ChHgg— b—{CHy~ CH)7-Te~(CH;)5CH;

the micelles accumulate in the tumor due to the EPR effect. = o
Furthermore, when the temperature of the affected area is (EH e hwlc:
locally heated above the LCSTs, the PNIPAM shells become 2 h,CH,

hydrophobic to aggregate at the heated area. Furthermore, it
is expected that endocytosis of the polymer micelles is
accelerated due to the hydrophobic interactions. After the 100 4ttt
micelles are taken into the cells, cooling the affected area Bk
below the LCSTa causes the micelles to dissociate inside the 80 |

Scheme 1 Chemical structures of EgsN,,.

cells, achieving controlled release of the drug. E 50
o
Results and discussion: The %7 values of EosN. PBS §40
solutions were measured as a function of the temperature (Fig. 5
2). All polymers were dissolved below 15 °C with unimer ° ,,

state. Core-shell polymeric micelles with the PeDEGA block

core and the PNIPAM shells were formed at 15-29 °C. Above 0 16 o '115- BT " T
32 °C the hydrophobic PNIPAM shell chains aggregated Temperature (°C)

between the polymer micelles and the %7 was further

decreased. Unimer state with hydrodynamic radius (Rn) of Fig 2 %T of EssNe7 (O), EosNos ©),

4.08 nm can be observed at 10 °C with DLS. At 25 °C polymer ?nd EosNay (0) aqueous solutions as a
. . unction of temperature. Inserts are TEM

micelles with Ri of 38.6 nm were observed. SAXS and TEM  pqervations for EosNe at 25 and 50 °C.

showed that the micelles formed at 25 °C.

Conclusions: EosN, were prepared via TERP. EosN, were unimer state below LCSTa, formed
spherical micelles at LCSTa < T < LCSTs, and aggregated micelles above LCSTs. Fluorescence
experiments showed that hydrophobic domains were formed above LCSTa in PBS.
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FEB CNT ¥ —7 v h~DERE L —F—REIcL 3
BEH AR BT A ZERIFE

FAHFERRR  HUH R

MEES L BT EEMEN 10 Wem? O7 = AMSEIREL — P — W E IR E§ 52 T
HETRNX— BT T AL, NI ORI TR AR E O BRI A XU LUTZ [ - PEEE - AT~ DI
JROIS ARSI C D, L—F— ORI | R F A WS O AEIE S TOD23,
ZOWEAERT DT T AL UV ANR IR TR DR R SIS RTE T B E FIRREI 2D, —
Ui Bex ITATIRa b — v a RIS R (V7 um) OIS E A (5 LT (moR) 24
ETHIET, FIRHICHEE FIREDEA AR THLHZE, 77X IRED I B ThHHZ LA
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Determine the three-dimensional structure of 13C labeled a-synuclein(61-95)
in the Langmuir-Blodgett film and supported phospholipid bilayer by
MAIRS2

Chengshan Wang Middle Tennessee State University

A. Objectives:
1. 13C labeled a-syn(61-95) containing residues 61-95 of a-synuclein will be synthesized and

purified.

2. Screen the conformation and orientation of specific amino acid residue of a-syn(61-95) in
Langmuir-Blodgett film.

3. Screen the conformation and orientation of specific amino acid residue of a-syn(61-95) in

supported phospholipids bilayers.

B. Experimental methods:

Peptide of °C labeled a-syn(61—95) at position 93G was synthesized via solid phase
(Fmoc) chemistry and purified by semipreparative reversed-phase high-performance liquid
chromatography (RP-HPLC) on Waters Breeze 2 separation system equipped with 1525 EF
binary pump. The success of the synthesis and the purity of the peptide were confirmed by a
Waters SYNAPT g-TOF tandem mass spectrometer. The surface pressure-area (n—A) isotherm
of a-syn(61—95) were conducted in a A Kibron ptrough. The Langmuir-Blodgett (LB) films
of a-syn(61 —95) were made by transferring the a-syn(61—95) Langmuir monolayers to
quartz slides and silicon (Si) slides under the surface pressure 10 mN/m. The circular
dichroism (CD) spectra of the LB films of the '*C labeled a-syn(61—95) were measured by a
JASCO J-810 spectropolarimeter. p-Polarized Multiple-Angle Incidence Resolution
Spectroscopy (pMAIRS) measurements were performed on the Nicolet IS50 FT-IR
spectrometer (Thermo Scientific, Waltham, MA) equipped with a pMAIRS accessory. The LB
film monolayer of the '3C labeled a-syn(61—95) at position 93G on Si substrate was put in the
pPMAIRS accessory and the IR beam transmitted trough the sample.

C. Experimental results:

The '3C labeled a-syn(61—95) was synthesized and purified. Figure 1A shows the n—A isotherm
of the *C labeled a-syn(61—95) and the isotherm is very similar to that of the unlabeled
a-syn(61—95). This is not a surprise because replacement of a '>)C by *C in the backbone
carbonyl (i.e., C=0) should not change the overall biophysical behavior of the peptide, which
contains hundreds of carbon atoms in it. Thus, the CD spectrum of the *C labeled a-syn(61—95)
is also similar to that of unlabeled peptide as shown in Figure 1B. For the LB films of the '*C
labeled a-syn(61—95), two negative peaks at 222 and 208 nm in addition to one positive peak at
192 nm are detected. Therefore, the 1*C labeled a-syn(61—95) also transforms to a-helix at the
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interface. On the other hand, pMAIRS was used to determine the tilted angle of the axis of
a-syn(61—95) at 93G and is very different to that of the unlabeled peptide. As shown in
Figure 1C, The In-plane Spectrum (Sip) result of the 13C labeled a-syn(61-95) was
shown as the top curve in Figure 1C. Both regular amide I and II bands were
detected at 1655 and 1535 cm'l, respectively. A very strong 13C amide I band was also
detected at 1625 cm'® in the Sip. The position at 1625 cm! shows that the 93G is in
a-helical conformation in the LB film. In addition, the 3C amide I band in the Sip
result 1s even more intensive than the regular amide I band which is the absorption
sum of all the other thirty-four residues in the sequence of a-syn(61-95). Such an
intensive 13C amide I band suggests a very small tilt angle (i.e., parallel orientation)
of the 13C amide I transition moment. The out-of-plan Spectrum (Sop) shown in the
bottom curve of Figure 1C also detects the amide I band at 1659 and 1645 cm™!. More
importantly, the 13C amide I band at 1625 cm™ was not detected in the Sop result,
even though the 13C label does exist at position 93G. According to the selection rule
of pMAIRS, the tilt angle of the 3C amide I transition moment at 93G is ~0°.
Because the tilt angle of the axis of a-helix is equal to that of the !3C amide I
transition moment, the tilt angle of the axis of a-helix at 93G is also ~0°.
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Figure 1. (A) Surface pressure-area isotherm of the 13C labeled a-syn(61—95) on pure
water, (B) CD spectra of the LB films of the 13C labeled a-syn(61—95) on quartz
slides. (C) p-MAIRS results of the LB monolayer of the 13C labeled a-syn(61—95)

transferred under 10 mN/m.

D. Discussion
X-ray crystallography and NMR are two major methods to determine protein’s structure. However,

neither of them can elucidate the high resolution structure of membrane proteins, which weighs ~
30-35% of the total proteins, in monolayer structure. Dr. Wang and Dr. Hasegawa are developing a

novel method for membrane proteins even in monolayer structure with high resolution by pMAIRS,

which will be a supplement to X-ray crystallography and NMR.

E. Publication.
One paper about Figure 1 was published by Wang C., Zhou Y., Ewuola C., Akinleye T.,

Hasegawa T., Leblanc R. M. in Analytical Sciences, 2022, 38, 935-940.
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The 16th International Workshop for East Asian Young Rheologists

Tadashi Inoue Osaka University

[Purpose of project] The ICR budget was used to organize the 16th International Workshop on Young
Rheologists in East Asia (IWEAYR-16). The purpose of this workshop is to promote international
exchange among young faculty and graduate students in cooperation with researchers from various
countries in East Asia in several research fields, such as polymer science and materials science.
IWEAYR allows participants to present their research results and discuss and exchange research ideas
in a friendly atmosphere. The workshop will deepen our research activity and form the basis for future
cooperation. This year, IWEAYR-16 was held in Udon Thani, Thailand. Because registration took place
before November 2022, there were no participants from China, where travel was prohibited due to
Covid-19, but there were still more than 100 participants. Many undergraduate and graduate students
participated, and the mission of strengthening future collaboration was not compromised in the slightest
despite three years break. The budget was effectively utilized to support the participation of as many
Japanese researchers as possible.

[Place and schedule of workshop] IWEAYR - 16 was held from February 18 - 21, 2023, at Centra
Hotel & Convention Centre Udon Thani and Montatip Hall Expo & Convention Centre, Udon Thani,
chaired by Doctor Adisak Takhulee of Udon Thani Rajabhat University, Thailand..

[ Purpose of the workshop] From the beginning, the purpose of this workshop is to promote
international exchange and collaboration among young faculties and graduate students who will be the
leading researchers in the field of rheology and material science in the near future and, therefore, to
provide a place for research presentation and discussion, and to revitalize related fields. At the same
time, in order to further develop joint research activities among several research groups, it is to provide
a place for people exchange.

[Background of workshop] This workshop has been held annually since the first IWEAYR in Seoul
(February 2006). After that, it was organized in Kyoto (January 2007), Shanghai (January 2008),
Nakhon Ratchasima (January 2009), Busan (January 2010), Yamagata (January 2011), Beijing
(February 2012), Phuket (January-February 2013), Seoul (February 2014), Fukuoka (February 2015),
Shenzhen (January 2016), Pattaya (February 2017), Jeju Island (January 2018), Nagoya (January
2019),and Changchun (January 2020) (in a circulating order of Korea, Japan, China, and Thailand).
There have been some changes in the organization of the workshop due to various circumstances in the
hosting countries; every IWEAYR has served as a place for faculties and graduate students to engage in
international exchange and collaboration.

[Participants] Doctor Takhulee, the organizer, was an alumnus of IWEAYR. He understands the
purpose of IWEAYR very well, and therefore the conference was conducted with meticulous attention
to detail. The number of participants in this IWEAYR-16 was 26(31) professors and 84 (91) students,
which was the average level in recent years, although China could not attend. (Numbers in () are the
numbers of participants IWEAYR-15). The breakdown by country was Japan 35 (10+25), Korea
71(12+59), China 0, and Thailand (4+9). The main participants were:

Kyung Hyun Ahn, Professor, Seoul National University, Korea,
Jaewook Nam, Professor, Seoul National University, Korea,
Kyu Hyun, Professor, Pusan National University, Korea,
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Youngdon Kwon, Professor, Sungkyunkwan University, Korea,

Visit Vao-soongnern, Asso. Prof. Udon Thani Rajabhat University Thailand

Exkarach Deenang, Asso. Prof. Udon Thani Rajabhat University Thailand
Hiroshi Watanabe, Professor, Kyoto University Japan
Takashi Taniguchi, Asso. Prof., Kyoto University Japan
Hiroshi Suzuki Professor, Kobe University Japan
Ruri Hidema, Associate Prof., Kobe University Japan

Opening Seremony Photo of Banquet

[Overview of IWEAYR-16] Total number of submitted papers was 29(Oral) + 53(Poster). On the first

day, the session started with one invited talk. After that, long oral presentations (12) were given by
mostly Ph.D. students. After lunch, the short oral presentations (53) by master course students were
presented before the poster presentations. On the second day, long oral presentations (14) were given
by Ph.D. students. Then, a group excursion was organized. The four best presentation awards of Ph.D.
students were chosen by the participant's vote.
At this conference, there were many studies on battery slurry for manufacturing Li-ion batteries,
particularly by Korean groups whose major is chemical engineering. The studies on new materials such
as nano cellulose as well. In addition, there was basic research on the analysis of various rheological
properties and hierarchical structures of polymers. Some issues, such as theory, simulation, and flow
control of soft matter, were also presented.

The author has attended IWEAYR in Thailand four times. The host city, Udon, locates near the border
with Laos. He wondered what kind of place, but the venue, Centra Hotel & Convention Centre Udon
Thani, was a very nice and modern hotel with a large shopping mall next to it. The workshop was
sponsored by Thai universities and Thai companies, and the author felt the great development of the
Thai economy and, at the same time, the deterioration of Japan due to the weak yen. The immigration
procedures were also simplified at the time of the event, and the author felt that things were gradually
returning to the way they were before the COVID-19 pandemic.

[Summary] All students enjoyed the workshop, and the author believes that this experience will help

maintain a network of young rheologists in East Asia. Also, Covid-19 feels us of the importance of
continuing such a workshop to keep the international relationship. In conclusion, IWEAYR-16
successfully achieved its purpose. Finally, the author should note that the next IWEAYR-17 will be held

in Pusan, Korea, in the wintertime.
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Tackling the Electronic Instability of Charge-Density Waves by
Electron Energy-Loss Spectroscopy

Ming-Wen Chu National Taiwan University

This project (2022-126) aims at resolving the electron-phonon coupling in the charge-
density-wave (CDW) state of CuTe by electron energy-loss spectroscopy (EELS), in
collaboration with Prof. Hiroki Kurata at ICR. CuTe stands for a prototypical CDW, with
the quasi-one-dimensional crystal structure and iconic Fermi surface nesting both
characteristic of the Peierls-transition classics of CDWs. Due to the COVID-19 pandemic,
it has, however, been unlikely for my group to conduct the desired high-resolution EELS
study in Prof. Kurata’s laboratory. Nonetheless, we were still committed to the EELS
investigation of CuTe using in-house EELS with a momentum resolution of ~0.09 A-!
and energy resolution of ~0.54 eV, which are sufficient for tackling the plasmon
excitations in CuTe though insufficient for the desired electron-phonon coupling with a
typical energy scale below 100 meV. As a result, we turned our interest to the subject of
plasmon dispersions in CDWs, whereby the impact of the static electronic order of CDWs
on the dynamical charge oscillation of plasmons remains a largely unsettled problem.
Here below, we show a plasmon dispersion map acquired in my laboratory in National
Taiwan University using the EELS with a compromised capability. This map serves as
the important first step toward our in-depth experiments to come in ICR in 2023 and has
manifested the quadratic dispersion as a function of momentum transfer (¢) in agreement
with the free-electron gas behavior. The intriguing correlation with the CDW order of

CuTe is to be resolved shortly together with Profs. Kurata and Haruta in ICR.

Energy (eV)
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Figure. The plasmon dispersion of CuTe along the CDW-order direction of I'X.
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Micro- and Nano-structural Characterization by
Advanced Transmission Electron Microscopy of Novel Functional Materials

Torranin Chairuangsri

Chiang Mai University

Our research group from Thailand visited ICR onsite in collaboration with Prof. Hiroki KURATA, Assoc. Prof. Mitsutaka
HARUTA, Dr. Atsushi YAMAGUCHI and Mr. Tsutomu KIYOMURA, for characterizing nano-structure of novel functional
materials by advanced transmission electron microscopy. The results can be summarized as follows.

1. Novel SiOxrGO/Polymer and FeOx/C composites from biomass as Anode in LIBs

Polyaniline-coated nano-silica@reduced graphene oxide (PANI-
Si0,@rGO) composites were fabricated. STEM revealed that SiO,
nanoparticles were homogeneously loaded on graphene sheets and the
PANI fibrous network uniformly covers the SiO»@rGO composites.
STEM also showed structural stability of the composites after cycling
without aggregation of the SiO, nanoparticles. However, some SiO,
nanoparticles transformed to be Si nanoparticles after cycling. For
FeOx/C composites from biomass, HRTEM depicts the presence of
graphitic domains scattered in amorphous structure. EELS from
carbon revealed two peaks at 287 eV and 290-300 eV, suggesting an
amorphous carbon structure.

1I. Annealed 28wt.%Cr-Iwt.%(Mo/W) Cast Irons

Carbides in annealed 28 wt.% Cr-2.6 wt.% C high chromium cast irons
with the addition of Mo or W have been characterized by STEM and
EELS was also used to identify M;Cs and M»3;Cs carbides in these
irons. Fine structures in C K-edge spectra were found to be useful for
distinguishing between M;C; and M»3Cq carbides. The C K-edge of
M,3Cs incorporates a shoulder-like feature at approximately 287 eV,
the second peak from M-Cs in the Mol and W1 irons has lower
intensity than that in the R iron, and the peak height ratio of the first
and second peaks from M»3Cq in the Mol and W1 irons is lower than
that in the R iron.
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Fig. 1 (a) TEM image of the carbon matrix in FeOx/C composites, (b)
The examples of graphitic domains within carbon region, (c) EELS
spectrum of the carbon matrix, and (d) Raman spectra from FeO,/C
composites as compared to those from raw materials.
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Fig. 2 STEM-ADF image shows the microstructure of the R iron after annealing (a) and C K-edge spectra from (b) eutectic M;Cs and (c) coarse M,;Cs in the irons.

Publications:

1. Rice husks-derived nano-SiO, assembled on reduced graphene oxide distributed on conductive flexible polyaniline
frameworks towards high-performance lithium-ion batteries (RSC Advances, 12(23) (2022), 14621-14630).

2. Recycling water hyacinth stem waste for cost-effective production of carbon/FeO, nanocomposite anodes for sustainable
fast-charging lithium-ion batteries (submitted to Journal of Material Science: Materials in Electronics).

3. Electron microscopy of carbides in annealed 28wt.%Cr-1wt.%(Mo/W) cast irons (submitted to Materials Characterization).
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High-pressure synthesis of transition metal oxides with novel physical
properties

Kunlang Ji  University of Edinburgh

Objectives: High pressure-high temperature (HPHT) synthesis is used to stabilize
unusual oxidation states and coordination environments in transition metal oxides,
resulting in interesting physical properties. In collaboration with Professor Shimakawa in
ICR at Kyoto University, a unique high-pressure multianvil apparatus which reaches up
to 20 GPa and 2273 K is available to use. This equipment provides a good opportunity
for synthesize the double corundum/perovskite with small tolerance factor and develop
their potential multiferroics.

Experimental methods: Due to the Covid-19 special circumstance, we developed our
collaboration by communicating e-mails. We focus on finishing the paper of the new
double corundum Co2InSbOs synthesized at Kyoto University during early 2020, while
Professor Shimakawa providing very useful scientific guidance for the paper through
emails. The paper has been finally published on Angewandte Chemie International
Edition in 2022.

Experimental results: Co2InSbOs recovered from high pressure has a new, ordered-R32
A2BCOg variant of the corundum structure. Co2InSbOgs is also remarkable for showing an
unprecedented sequence of two cation redistributions, to (Coo.5Ino.s)2CoSbOs and then
Co2InSbOs variants of the ordered-LiNbO3 A2BCOs structure on heating. The cation
distributions change magnetic properties as the final ordered-LiNbOs3 product has a sharp
ferrimagnetic transition at 65 K whereas the initial ordered-R32 material has a broader
feature indicative of short range spin ordering.

Discussion: The selective site exchange only between Co?* and In** at different
temperatures results from the small size and charge mismatch between Co®" (V1= 0.745
A) and In*" (#Y'= 0.8 A), compare to that between Co*" and Sb>* (+¥1 = 0.6 A).
Publication: K. Ji, E. Solana-Madruga, M. A. Patino, Y. Shimakawa" and J. P. Attfield”,
Angew. Chem. Int. Ed., 61, 202203062 (2022)
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Synthesis and Characterization of
Novel Group 16 Element Compounds

Mao Minoura Rikkyo University

In general, germanium-chalcogen double bond compounds are known to be
highly reactive and the double bond compounds dimerize easily. By utilizing bulky
protecting groups, germanium-chalcogen double bond compounds can be synthesized
and isolated; Tokitoh ef al. reported the synthesis of germanium-chalcogen double bond
compounds with large aromatic Tbt groups. However, no stable germanium-chalcogen
double bond compounds have been reported for alkyl substituted compounds due to the
difficulty of ligand design.

Recently, our group has designed and synthesized Trp*, i.e., a novel triptycene
(Trp)-based aliphatic bulky group that bears bulky fused ring-type substituents at the
periphery of the Trp framework. In our experiences, compounds with bulky substituents,
such as Trp*, have low solubility and poor crystallinity. In fact, the synthetic studies of
Trp*-substituted germanium compounds initially yielded only crystals that were too small
to be analyzed structurally by X-ray diffraction. To improve the solubility and
crystallinity of Trp* compounds, alkyl chains were installed at the bridgehead position.
In this paper, we report the synthesis of Trp* groups having alkyl chains (R= Pr, Bu, Hex,
Oct), RTrp*, and applied them to the synthesis of dialkylgermylenes (RTrp*>Ge:) in the
expectation of improving those crystallinities by intermolecular interactions with the
packing forces in the solid states. The isolated RTrp*2Ge: showed better solubility and
crystallinity than the corresponding Trp*:Ge:.

Steric Protection

Reaction Space

Especially, HexTrp*>Ge: and HexTrp*2Ge=S
showed characteristic change in the packing
structure to form suitable single crystals for X-ray
i Tunable Solubility R
analys1s. and crystallinity

We thank Professors Norihiro Tokitoh, R = Pr, Bu, Hex, Oct
Yoshiyuki Mizuhata, and Mariko Yukimoto for their

kind discussions.
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Analyzing chemical properties and origins of dissolved organic
matter in lakes and soils by FT-ICR-MS

Morimaru Kida Kobe University

Objectives: Dissolved organic matter (DOM) represents one of the largest actively
cycled carbon pools on earth. The molecular composition of DOM plays a major role
in its long-term persistence in aquatic systems, yet the extreme complexity and
heterogeneity of DOM have so far hindered its full characterization at the molecular
level. The high resolution and mass accuracy of FT-ICR MS allow the assignment of
molecular formulae to tens of thousands of compounds in DOM. We first aimed to
establish the very first platform to enable a high-quality FT-ICR-MS analysis of
DOM. Then, we aimed to elucidate the factors that influence the molecular
composition of various DOM in lakes and soils.

Materials and methods: We first optimized the conditions for FT-ICR-MS
measurement of DOM using an international reference DOM sample and electrospray
ionization (ESI). Because FT-ICR MS at ICR was unfortunately out of order during
the duration of this project, FT-ICR MS at RISH was used instead. After the optimal
condition was established, DOM samples collected from lakes and diverse soils were
analyzed. Molecular formulae of detected masses were determined using an online
mass spectra processing pipeline, ICBM-OCEAN. Multivariate analysis was
conducted to identify environmental and edaphological factors that determine the
molecular composition.

Results and discussion: A significant portion of the project duration was dedicated
to the optimization of the measurement conditions. This was further complicated by
the difference in machine conditions between ICR and RISH FT-ICR-MS. We could
eventually, however, start analyzing samples under the optimized conditions, and the
analysis is still ongoing.

Outcome reports: No reports yet published.
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Preparation of high-efficiency spin-injection materials using optimization of
magnetism and crystal structure

Masaaki Tanaka Nagoya Institute of Technology

The spin-filtering effect, where the spin-polarized current is generated using electron tunneling
through a ferromagnetic insulator, is one of the candidates for the spin injection method. Independently, it is
known that magnetic insulator cobalt ferrite (CFO) films grown epitaxially on MgO (001) substrates have
large perpendicular magnetic anisotropy (PMA) which is induced by the in-plane tensile strain. In this study,
the spin-filtering effect of insulative Fe-rich CFO (I-CFO) films with PMA grown on conductive Fe-rich CFO
(C-CFO) films was investigated.

The multilayered films of C-CFO(20 nm)/I-CFO(3.0 nm)/MgO(1.0 nm)/Co(1.0nm)/{Tb(0.45
nm)/Co(0.56 nm)}5/Co(2.0 nm) were prepared on MgO (001) substrates with I-CFO (20 nm) buffer layers
using the pulsed laser deposition (PLD) and electron beam deposition technique. The systematic change
between the I-CFO and C-CFO films was performed by the change of the source materials and gas conditions
during the PLD. The magnetization measurements clarified that the C-CFO/I-CFO layers have PMA. The
magnetic tunnel junctions (MTJs) with a junction diameter of several micrometers were fabricated using
photolithography and dry etching by an ion-milling method. This microfabrication was carried out at ICR,
Kyoto University. The magnetoresistance measurements of the MTJs were performed using a four-probe
method at various temperatures.

The current-voltage measurements indicated that the CFO/MgO layer shows good tunneling
properties. The resistance increased dramatically with decreasing temperature, which indicates that the
conductivity of the junction is governed by the tunneling current. The tunnel magnetoresistance (TMR) ratio
of —20 % was obtained at 100 K at the bias voltage of 100 mV. The estimated spin injection efficiency was
—28%. It is found that the bias-voltage dependence of the TMR ratio can be interpreted by the Fowler-
Nordheim tunneling mechanism, which means that the spin-polarized current is generated by the spin-filtering
effect of the ferromagnetic insulator I-CFO layers. The I-CFO spin-filtering layer is, therefore, applicable as a
spin injection source for spintronics devices when perpendicularly spin-polarized electronic currents are

required.

PR
M. Tanaka, M. Furuta, T. Ichikawa, M. Morishita, Y.-M. Hung, S. Honda, T. Ono, and K. Mibu, “Generation
of spin-polarized electronic currents using perpendicularly magnetized cobalt-ferrite spin-filtering barriers

grown on spinel-type-conductive layers”, Applied Physics Letters, 122, 042401 (2023).
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Development of a highly efficient CsPbBr; scintillator

Hikaru Saito Kyushu University

It has been reported that CsPbBr3

nanoparticles embedded in CssPbBre matrix

(CsPbBr3/CsaPbBrs nanocomposite) exhibit high photoluminescence (PL) quantum yield [1]. The

size distribution and the density of CsPbBr3 nanoparticles in Cs4PbBrs matrix have not been

analyzed by electron microscopy probably because this nanocomposite is very sensitive to electron

beams. Recently we have found sub-nanosecond cathodoluminescence (CL) decay from

CsPbBr3/Cs4PbBrs nanocomposite by using Hanbury Brown-Twiss interferometry [2], which is

applicable to high performance scintillator for fast electron beams. To elucidate the CL mechanism,

we have attempted 4D-STEM and electron energy-loss spectroscopy (EELS) to analyze the

nanostructure of CsPbBr3/Cs4PbBrs nanocomposite.

Fig. 1 shows 4D-STEM obtained from CsPbBr3/CssPbBrs
nanocomposite at a probe current of 2.3 pA and an acceleration
voltage of 300 kV, indicating that cubic CsPbBr3 crystals with
a size of about 10 nm were contained in the Cs4PbBrs matrix.
4D-STEM can only detect CsPbBrs nanoparticles satisfying
diffraction conditions, meaning that it is not appropriate for
particle density measurements. Therefore, we applied STEM-
EELS for a CsPbBr3/Cs4PbBrs nanocomposite thin film. Fig. 2
shows the results obtained at a probe current of 1.6 pA and an
energy resolution of 50 meV and an acceleration voltage of 60
kV. EELS spectrum at each measurement point was
decomposed into two component spectra corresponding to
CsPbBr3 (Fig. 2b) and CssPbBre (Fig. 2c), which clearly
indicates that high density CsPbBr3 nanoparticles with sizes of
about 10-20 nm are embedded in the Cs4PbBrs matrix. This
information would be crucial to derive a model for the found
leading to development of high

sub-nanosecond CL,

performance optical nanomaterials including fast scintillators.

[1] Ya-Meng Chen, et al., ACS Appl. Mater. Interfaces, 10,
15905 (2018).

[2] Sotatsu Yanagimoto, et al., Phys. Rev. B, 103, 205418
(2021).
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Fig. 1 (a) ADF-STEM image of
CsPbBr3/CssPbBrs nanocomposite and (b)
diffraction pattern from the rectangular
area in (a). (c¢) Virtual DF image by using
intensity of the diffraction spot indicated by
the rectangular area shown in (c).
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Fig. 2 (a) ADF-STEM image of a
CsPbBr3/CssPbBrg  nanocomposite thin
film and (b) CsPbBr; map derived by
EELS mapping. (c,d) EELS spectra
corresponding to CssPbBrs and CsPbBr;
extracted from the areas indicated in (b).
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Synthesis and Structural Characterization of
Lewis Base Adducts of Tetrylenes

Tsukasa Matsuo Kindai University

In this collaborative research, we examined the synthesis and structures of
Lewis base adducts of tetrylenes incorporating the fused-ring bulky Rind groups
(Rind = 1,1,3,3,5,5,7,7-octa-R-substituted s-hydrindacen-4-yl).

The bulky Eind-based dibromodigermene, (Eind)BrGe=GeBr(Eind) (1), was
prepared by the reaction of (Eind)Li with GeClx-dioxane (Scheme 1). The
digermene 1 exists as the monomeric germylene, (Eind)BrGe:, in solution. The
following reaction with N-heterocyclic carbene (NHC = 1,3,4,5-tetramethyl-
imidazol-2-yliden) produced the bis-NHC adduct of the formal germyliumylidene
cation, [(Eind)(NHC):Ge:][Br] (2). The structure of 2 was confirmed by X-ray
crystallography (Figure 1).

Et Et
Et Et
@
Et Et
Et Et
Eind
Figure 1. Eind group and molecular structure of 2.
"BuLi (2 eq.) ~ GeClydioxane  ENd JBr
(EindBr ———»  [(EindL] ———M Ge—Ge
THF THF B Eing
-78~0°C 0°C~rt ]
) SN
4 NN "
Eind Br Eind )= jo
Ge:Gé —_— 2 /Ge: —— > 2 | Eind—Ge: Br-
B ‘Eing  CeDe Br CeDe X,
/—N
1 ’Nw/\

Scheme 1. Synthesis of 1 and 2.
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Synthesis and structures of cationic aromatics
bearing chalconenopyrylium units

Noriyoshi Nagahora Fukuoka University

Introduction

Thio- and selenopyrylium salts exhibit a unique electronic structure, which renders these compounds
interesting potential building blocks for sulfur-/selenium-containing aromatic molecules. Recently,
thiopyrylium-containing molecules have received substantial attention due to their fascinating structures,
optoelectronic and physicochemical properties. In this work, we present studies on the synthesis of linearly
fused thio- or selenopyrylium compounds via Lewis- or Brensted-acid-promoted intramolecular cyclization

of thio- or selenoethers.

Results and Discussion

In order to optimize the reaction conditions, we initially investigated the Lewis/Bronsted-acid-induced
cyclization of diarylthioether 1a. When the Lewis acid Sc(OTf); was used, the cyclization of 1a proceeded at
high temperature to quantitatively afford thiopyrylium trifluoromethanesulfonate 2a. We also discovered that
TfOH is the most effective Bronsted acid for the promotion of the cyclization, which affords 2a in quantitative
yield at room temperature within 1 h. The reactions still proceeded when several substituted diarylthioethers
1b-d were treated with TfOH at room temperature for 2 h. Next, we focused formation of selenopyrylium salts
promoted by a Brensted acid. Even the corresponding selenoecthers reacted with TfOH affording
selenopyrylium trifluoromethanesulfonates 3a-c in acceptable yields. This versatile cyclization thus not only
extends the scope of the synthetic methods of pyrylium-fused cationic framework but also that of material

chemistry using thio- or selenopyrylium molecules.

CHO CF3S0;5~ N
s Sc(OTf); st
: Cl,CHCHCI,
t-Bu t-Bu 120 °C, 24 h t-Bu t-Bu
1a in a sealed tube 2a (quant.)
CFSSO?:_ CF38037 CF33037
+ + +
YOO8
=
t-Bu Me tBu & OMe tBu Z
2b 2c 2d Cl
CF3S03~ . CF3S0;5~ CF3S03- N
Q" Seoulle! pos
= =
7 OMe
3a Me 3b 3¢ Cl

Publications

1. (a) Nagahora, N.; Tanaka, R.; Tada, T.; Yasuda, A.; Yamada, Y.; Shioji, K.; Okuma, K. Org. Lett. 2020,
22, 6192-6196. (b) Nagahora, N.; Kitahara, K.; Mizuhata, Y.; Tokitoh, N.; Shioji, K.; Okuma, K. J. Org.
Chem. 2020, 85, 7748-7756. (c) Hirano, K.; Yasuda, A.; Sasamori, T.; Shioji, K. Okuma, K.; Nagahora, N.
Heterocycles 2021, 102, 451-464.
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Theoretical design of low-dimensional silicon material embedded in a flat
two-dimensional sheet and exploration for operating principles

Masae Takahashi Tohoku University

[Objectives] Two-dimensional (2D) Dirac materials represent a special class of quantum matter hosting
linearly dispersing Dirac cones. The Dirac cone categorized into type-I shows tilted anisotropic linear
dispersions in all k directions, together with a point-like Fermi surface. We report here designing a silicon-
based type-1 Dirac material with planar configuration, based on the first-principles calculations. The flat
structure obtained in this study is essential for the air stability of silicon m-electron conjugated systems.

[ Computational Details] We performed structural and electronic calculations in the density functional theory
framework, as implemented in CASTEP code (ver. 2018 and 2019). The geometries were fully optimized for
both the cell parameters and atomic coordinates under the constraints of group symmetry of Dz, The
calculation of phonon dispersion was performed using the linear response theory. The phonon dispersions
throughout the Brillouin zone confirmed that obtained structure is dynamically stable because of the absence

of any imaginary frequencies.

4.0
[Results and Discussion] The band 20 /Y/\\ '
structure calculation has revealed that 5
the obtained 2D material with planar & 40
= 1.
configuration is a type-I Dirac T
o 0.0
semimetal with linear dispersion in the é 10
vicinity of the Fermi energy and is 5
regarded as a qualitatively new class 3

of 2D material that hosts anisotropic L X S r v X DOS

Dirac fermions (Fig. 1). The Fermi Fig. 1. Electronic band structure and the projected DOS.
velocity in the ['-X’ direction is estimated to be 0.5 x10% and 0.7 x10° m s™!, which is 2 and 1.5 times smaller
than that of graphene. The Fermi velocity in the direction perpendicular to the I'-X’ line is much smaller (0.3
x10° m s!). The most remarkable difference in the band structure from graphene is that the van Hove
singularity is located much closer to the Fermi energy than in graphene: the energy interval is 0.3 eV, while
that in graphene is 2 eV. This is due to the smaller energy gap at the I" point than that in graphene. It was
recently reported that the Fermi-level shift by 0.5 eV in graphene is achieved by chemical doping, suggesting
that the Fermi-level shift by 0.3 eV by chemical doping is quite possible. The obtained 2D material is a silicon-
based air-stable Dirac material with an anisotropic Dirac cone inducing the anisotropic carrier mobility, which
has a high potential for application to various novel silicon-based electronic devices.

[Publications] [1] M. Takahashi, S. Chen, H. Matsui, N. Morimoto, Y. Ikemoto, Sci. Rep. 2022, 12,20393.
[2] M. Takahashi, WIRMS2022, October 6-9, 2022, Hiroshima and Hybrid Format, Japan (Invited talk).
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Spin-orbital Coupling Effects in Organic Molecules and
2D-superlattice Perovskites

Englineering,

i’a‘
Abstract:
Spin-orbital coupling (SOC) is known as the key parameter that determines spin-dependent optoelectronic properties at different e
length and time scales. In organic molecules where the inversion symmetry breaking is lacking, the traditional method of
generating SOC is mainly from the utilization of heavy elements. Recently, we found that charge-transfer states intrinsically
possess an electric-magnetic coupling phenomenon, functioning as un-conventional SOC. Especially, this un-conventional SOC
generated by charge-transfer states provides a vital mechanism to enable an endothermic upward electronic transition from F
triplets to singlets, activating so-called TADF (thermally activated delayed fluorescence), rather than creating an exothermic &
downward electronic transition from friplets to ground state to generate a phosphorescence in organic molecules. In 2D-
superlattice perovskites where inversion symmetry breaking is existing, SOC generates spin-up and spin-down Rashba band
structures with circularly polarized orbital momentums. This leads to a unique mechanism to mutually tune spin and orbital orders
in 2D-superlattice perovskites. This presentation will discuss the SOC effects in both organic molecules and 2D-superlattice
perovskites.

BRI LPBIRAT - 2 FHEMEFRRRSEE 2308 (R#R3149)

EFHRAERE RS
ﬁ?ﬁﬂﬂ: = d' @”%W

BB 2022£F—8}5!5E| () 15:00—16:00-
IS - (ERRR AT R At S F—2= (CL-110)

Abstract: : E [ | I L

Solid state electrochemistry is a traditional discipline, but has. recently gained attentlon in the development of
energy devices such as rechargeable batteries and capacitors. Solid-state electrochemistry is also recognized
as providing an excellent methodology for controlling band filling in solid-state physics and materials science. In
this presentation, we would like to explain our study on the following topics.

(i) Molecular rechargeable batteries such as molecular cluster batteries and MOF batteries, in which molecular
species are employed as cathode active materials for the Li negative electrode.

(i) Organic field-effect transistors and photoelectron conversion aided by an electric double layer that can
achieve effective carrier injection.-and charge separation.
(ii) Construction of molecular-based. structures with "strong isotropy" and redox control by solid-state

electrochemical methods.

EHR S LFHIRRT- 2 FHAHE AR 2308 (RFR3149)
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Nitrogen (N,) fixation by nature, which s a crucial process for the supply of
bio-available forms of nitrogen, is performed by nitrogenase. This enzyme uses a

unique transition-metal-sulfur-carbon cluster as its active-site co-factor
([(R-homocitrate)MoFe,S,C], FeMoco)'?, and the sulfur-surrounded iron (Fe) atoms
have been postulated to capture and reduce N, (refs. >¢). Although there are afew
examples of synthetic counterparts of the FeMoco, metal-sulfur cluster, which have
shown binding of N, (refs.”"?), the reduction of N, by any synthetic metal-sulfur
cluster or by the extracted form of FeMoco'® has remained elusive, despite nearly

50 years of research. Here we show that the Fe atoms in our synthetic [Mo,S,Fe]

cubes?

can capture a N, molecule and catalyse N, silylation to form N(SiMe,), under

treatment with excess sodium and trimethylsilyl chloride. These results exemplify the
catalytic silylation of N, by a synthetic metal-sulfur cluster and demonstrate the
N,-reduction capability of Fe atoms in a sulfur-rich environment, which is reminiscent
of the ability of FeMoco to bind and activate N,.

Nitrogen (N,) is an essential element to maintain every known form of
life on Earth. Although the elementisinexhaustiblein the atmosphere
as N,, only diazotrophs or lightning in thunderstorms can transform
this stable molecule into bio-available forms (for example, ammonia
(NH,) and nitrogen oxides) in the natural world. Other organisms con-
sequently rely on the products of the fixation processes and limited
pre-existing sources to afford the necessary nitrogen. In this sense, N,
fixation is one of the most crucial bottlenecks in Earth’s ecosystem.
Key players of N, fixation are nitrogenase enzymes that reduce N, to
NH,. The most studied of these, molybdenum (Mo)-nitrogenase, hasa
unique metal-sulfur-carbon co-factor described as [(R-homocitrate)
MoFe,S,C] (FeMoco; Fig.1)? and performs the catalytic reduction
at ambient temperature and pressure. As FeMoco is found only in
nitrogenase, its chemical and physical properties have attracted sig-
nificant interest regarding its desirable N,-reduction activity. How
FeMoco reduces N, has long been studied by biochemical analyses of
the enzyme®® and by structural and functional modelling of FeMoco
withsmall-molecule complexes™* and metal-sulfur (M-S) clusters'®".

Althoughthe detailed N,-reduction mechanism of FeMoco remains
elusive, agrowing number of studies suggest that FeMoco eliminates
one of the p,-bridging sulfur (S) atoms and captures substrates at
the produced vacant coordination sites on the iron (Fe) atoms*®.
Analogously, acommon approach to generating small-molecule N,
complexes has been removal of ametal-bound ligand under reducing
conditions. However, applying this method to the available synthetic
counterparts of FeMoco, namely, M-S clusters, has been challenging. As
these clusters contain coordinative Satomsin their inorganic cores, a
vacant metal site often attracts core S atoms of M-S clusters rather than

N,, which leads to aggregation". Limiting the number of vacant metal
atomsinthe coreis thusaplausibleapproach andled to theisolation of
N,-bound clusters in several previous and recent examples, including
ours’”. Nevertheless, catalytic reduction of N, by these clusters remains
unknown despite its relevance to the natural system.

Our framework to overcome these hurdlesimplements a triangular
[Mo,S,] fragment bearing robust Mo-Cp® bonds (Cp® = C;Me, (Cp*),
C;Me,SiMe, (Cp") and C;Me,SiEt; (Cp™), where Siis silicon, Me is methyl
and Et is ethyl)""? as a platform to structurally encumber and protect
afourth metal incorporated into the vertex (Fig. 1). A titanium (Ti)
derivative [Cp*;Mo0,S,Ti] captures and activates N, in the presence of
potassium graphite (KCs), indicating that the [Mo,S,Ti] cubeis robust
under reducing conditions and avoids undesirable aggregation®. In con-
trast, catalytic reduction of the bound N, was not observed, probably
owing to the strong Ti-N bond that inhibits product release. We then
hypothesized that asofter Fe atom as found in the biological systems
might function more successfully to carry out N, reduction instead of
the harder Ti atom. The results below demonstrate the capture and
catalytic silylation of N, by the vertex Fe atoms of [Mo,S,Fe] cubes.
Althoughitislikely that there are mechanistic differences between the
silylation of N,and NH, production by nitrogenase, our results demon-
strate thatan Fe centre builtintoaM-S core and in a S-rich coordination
environment canactivate inert N, sufficiently for chemical conversion.

The treatment of our reported [Mo,S,Fe] clusters, [Cp?;Mo0,S,FeCl]
(Cp®=Cp* (1a), Cp®=Cp" (1b) and Cp® = Cp** (1c))"" with strong
reductants (KCg for 1a and sodium naphthalenide Na(C,,H;) for
1band1c)under N, intetrahydrofuran (THF) led to the formation of the
corresponding N, clusters (Fig. 2a). The N, coordination mode varies
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s,

FeMoco
[(R-homocitrate)MoFe,SyC]

Proposed N,-binding state

J This work

Fig.1|Aproposed N,-binding state for FeMoco and aN,-bound Mo-Fe-S
clusterin this work. Orange, iron; teal, molybdenum; yellow, sulfur; grey,
carbon; blue, nitrogen.

depending on the bulkiness of the Cp® ligands, so that a [Mo,S,Fe]
dimer bridged by N,, [{Cp*;Mo0,S,Fe},(1-N,)]1* (2a), and monomers
each bearing a terminal N, ligand, [Cp?;Mo,S,Fe(N,)]” (Cp® = Cp" (2b)
and Cp®=Cp** (2c)), were obtained. The N, binding modes of 2a-2¢
were assigned primarily from the "N NMR spectra of ®N,-labelled clus-
ters (Supplementary Figs. 1-3). Cluster 2a exhibited a single signal
at a chemical shift 6 = -40.9 ppm as expected from the equivalent N
atoms of the bridging “N,. Conversely, 2b and 2¢ gave two signals at
6=22.0ppmand§=-5.3ppmfor2band§=22.6 ppmand6=-5.7 ppm
for2c, corresponding to theinequivalent proximal and distal N atoms
in these molecules. Terminal N, binding in 2b and 2c was further con-
firmed by infrared-active N-N stretches observed at 1,896 cm™ and
1,902 cm™, respectively, both of which exhibited abathochromic shift
upon®N, labelling (Supplementary Figs. 7 and 8). Despite our efforts,
no meaningful N-Nstretch for 2awas detectable viaresonance-Raman
or infrared measurements (Supplementary Fig. 6), perhaps owing
to slightly broken symmetry of the N, binding mode. X-ray crystal-
lographic analyses revealed the molecular structures of 2a and 2¢
(Fig.2b,c, Supplementary Figs.11and 12, and Supplementary Table 5).
Thestructure of 2aisanN,-bridged [Mo,S,Fe] dimer withaninversion
centre at the middle of the two N atoms, whereas 2c is a monomeric
cluster bearing a terminally bound N,. The N-N distances (1.151(4) A
for2aand1.136(5) A for 2¢) arein between those of free N, (1.098(1) A)
and N,H, (1.252 A), suggesting a weakened N-N bond. Likewise, the
N-Nstretching frequencies of 2b and 2c are close to the lower end of
those reported for N, complexes of Fe" or Fe' (ref.’®), and the activation
levels are even comparable to an Fe’-N, complex supported by S-and
carbon (C)-based ligands®.

Successful activation of N, at the Fe atoms of 2a-2c prompted us
to pursue the catalytic reduction of N, using the [Mo,S,Fe] cubes.
Reduction to NH; was observed but was not catalytic, giving at most
1.6 £ 0.1 equiv. NH; (per 2¢) under typical conditions***>?° (Supplemen-
tary Table 4). Protonation of S atoms possibly occurs in this reaction,
which weakens the Fe-S bonds and releases a vertex Fe atom from
[Mo,S,Fe],inarelevant manner to degradation of the cubes under elec-
trochemical oxidation'*2. Nonetheless, more importantly, we found
that the chloride (Cl) clusters1a-1cand N, clusters 2b and 2c all catalyti-
callyreduce N, toN(SiMe,),inthe presence of excess sodium (Na) and tri-
methylsilyl chloride (CISiMe;). Aminimum 0f122.9 + 3.0 equiv. (per 1c)
and up to248.0 +15.6 equiv. (per 1b) of N(SiMe;), were generated after

100 hunder a N, (1 atm) atmosphere at room temperature (Table 1
and Supplementary Tables 1 and 2). Although the cause of the differ-
ences in the activity of these complexes has not been conclusively
identified at this point, we assume that the steric, not electronic, effects
ofthe Cp®ligands play a major role (vide infra) because the Cp® substitu-
ents did not notably affect the redox behaviours of 1a-1c (half-wave
potential £, ([Mo,S,Fe]*”**) =-0.17 V (1a),-0.19 V (1b) and -0.24 V (1c)
versus Ag/Ag") or the redox features of 2b and 2¢ observed in cyclic
voltammetry (Supplementary Fig. 14).

The N(SiMe;), yields, on a per-active-metal basis produced by 1b
and 2¢, are about three-times higher than those of other Fe catalysts
reported so far (Supplementary Table 3)*, and are comparable to
the highest yields by Mo (ref. %) and Co (refs. ?) catalysts. Similar to
known systems, the catalytic reactions in THF concurrently formed
Me,SiSiMe;, Me,SiOC,H, and Me;SiOC,H;SiMe; as by-products (Sup-
plementary Figs. 15-17). These by-products should originate from
reactions of the trimethylsilyl radical -SiMe; with itself or the THF sol-
vent?, as treatment of CISiMe, with alkaline metals has been accepted
to generate -SiMe; (ref. ?®). Although the THF solvent is much more
abundant than the N, reactant, the selectivity for N(SiMe;); was high
inthe case of 1b and reached 37.2% (Table 1, entry 2). It is striking that
any of the corresponding [Mo,S,] platforms, [Cp?;Mo,S,] (Cp? = Cp*
(4a), Cp*=Cp' (4b) and CpR=Cp** (4¢)), several relevant FeS clusters
or FeCl, (ref. ?°) did not provide N(SiMe,), at significant levels under
the same conditions (Table1and Supplementary Table 3). After a cata-
lytic run using 1a, a mass spectrum of the reaction mixture revealed
[Mo,S,Fe] cubesbinding ring-opening products of THF (Supplementary
Fig.19), indicating sufficient stability of the cubic core during catalysis.
Moreover, a carbon monoxide (CO)-trapping experiment revealed
the formation of a low yield (11%) of [Cp *-;M0,S,Fe(CO)] (5) from a
catalytic reaction mixture with 1c, Na and CISiMe; (200 equiv. each)
under N, (Supplementary Figs. 24-27), implying the generation of
[Mo,S,Fe] species with labile ligands (for example, THF or N,) on Fe.
These results suggest that the Fe centre of each [Mo,S,Fe] cube is the
actual N,-reductionssite.

Considering previous proposals for analogous reactions we
propose a mechanism for N, silylation by our [Mo;S,Fe] cubes (Sup-
plementary Fig. 18). In this pathway, we suppose that the Cl atom

26,28
’

Table 1| Catalytic reduction of N, into N(SiMe,), promoted by
[Mo,S,Fe] clusters

Precatalyst
N2 +6Na+6 MeSSICl > 2N(SIM63)3
(1 atm) HF, r.t.
100 h
Entry Precatalyst N(SiMe;); yield (equiv. per
catalyst)®
1 1a 127.0+34.6
2 1b 248.0+15.6
3 1c 122.9+3.0
4 2b 142.5+16.0
5 2c 2271+40.8
6 3 258.3+6.1
7 Cp*;Mo,S, (4a) 6.5%15
8 Cp':Mo;S, (4b) 9.6+27
9 Cp*sMo;S, (4c) 12.9+87

Na and ClSiMe; (2,000 equiv. of each) were added to the catalyst in THF at room temperature
and stirred for 100 h under 1atm N,. Reactions by 2a were not examined owing to the low
isolated yield and the lower performance of the Cp* (CsMes) system. Yields represent the
average of three runs. ®Yields were obtained from three independent experiments (n=3) and
are shown as mean#s.d.
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Fig.2|Synthesis and chemical modification ofN,-bound [Mo,S,Fe]
clusters. a, Synthetic schemes for the N,-bound [Mo,S,Fe] clusters 2a-2c
and subsequentsilylation of the bound N, to give 3.b-d, The structure of

on Fe is removed by *SiMe; to generate a vacant Fe site that binds N,.
In the resultant Fe-N, species, the more exposed distal N atom prob-
ably undergoes the first silylation to generate the Fe-NNSiMe; spe-
cies. Further silylation and reduction would dissociate a hydrazido
anion [Me,SiN-N(SiMe;),]", as theoretically proposed for Mo- and
Co-catalysed reactions??, Dissociation of the hydrazido anion can
regenerate avacant Fe site for the next catalytic cycle. Itis noted that we
cannot exclude the possibility that the catalysis is mediated by uniden-
tified species generated in the solution. However, the isolation of the
N,-bound clusters establishes the substrate binding by the [Mo,S,Fe]
clusters. Below, we additionally describe stoichiometric experiments
that indicate the feasibility of the initial silylation of N,.

The initial silylation of the N, ligand is arguably the most vital step
in N, reduction. To validate it, the in situ-generated 2¢ (from 1c and
2.3 equiv. KCg) was treated with 1.1 equiv. CISiPh; (where Phis phenyl)
to furnish a monosilylated N, species ([Cp*-;Mo0,S,Fe(N,SiPh,)], 3) in
20% yield (Fig. 2a,d and Supplementary Figs. 4, 9 and 13). The same
cluster 3 was alternatively generated from 2c and CISiPh,in C;D4 (Sup-
plementary Fig. 5). The X-ray structure of 3 shows an elongated N-N
distance (1.193(7) A) from that found in the N,-bound 2¢ (1.136(5) A),
in accordance with a weakened N-N bond (stretching frequency
vy.n=1,706 cm™). These values are close to those previously

88 | Nature | Vol 607 | 7 July 2022

2a(b),2c(c)and 3 (d). The equivalence of 2a (1/2 equiv.) is omitted for
readability. Carbon and oxygen atoms are drawn as capped sticks for clarity.

reported for Fe complexes bearing [N,SiR;] ligands (Supplementary
Table 6)**?%%, Although the phenyl substituents on the Si atom of 3
differ fromthe methyl groups employedin the catalytic process, theiso-
lation of 3 supports the possible generation of an Fe-NNSiMe; analogue
of 2cinthe catalytic cycle. This assumption was further reinforced when
3 was used as the precursor for the successful catalyticsilylation of N,,
yielding 258.3 + 6.1 equiv. of N(SiMe;), (Table 1, entry 6).

The irreversible chemical modification of the bound N, molecule
highlights areactivity difference between our system and aN,-bridged
[MoFe,S,] dimer reported recently®. Treatment of [{Cp*MoFe,S,
(IP1),},(1-N,)1 (IPr =1,3-bis(2,6-diisopropylphenyl)-imidazol-2-ylidene)
with [Cp",Ti] has been reported to give an equilibrium mixture of
the [MoFe,S,],(1-N,) dimer and a heterometallic N,-bridged com-
plex [{Cp*MoFe;S,(IPr),}(1-N,)(Cp*,Ti)], but no further chemical
conversions or catalytic reduction of the bound N, was reported.
The difference in reactivity between this N, bridging system and the
terminally bound N, system reported herein points to the impor-
tance of a terminal Fe-N, moiety for the successful reduction of N,.
In addition, the isolation of a stable intermediate analogue by our
[Mo,S,Fe] platformindicates its potential utility as asynthetic toolkit
to investigate catalytic as well as stoichiometric activation of other
small molecules.
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Cs;Me; (Cp*)

Fig.3|Structural models of N,-bound [Mo,S Fe] clusters. A space-filling
modelisapplied to two Cp*ligands, whereas the other Cp*is omitted to show the
[Mo,S,Fe]-N, moiety. a, C;Me; (Cp*). b, CsMe,SiMe, (Cph). ¢, CsMe,SiEt; (Cp*).

Structural models of the N,-bound clusters reveal that the Cp® ligands
surround the N, ligand and the [Mo,S,Fe] cores (Fig.3). The -SiMe; and
-SiEt, groups of the Cp® ligands are forced into the space around the
Fesites of the [Mo,S,Fe] cubes (Fig. 3b,c) to minimize steric repulsion
between the Cp*ligands. Thus, the -SiR, groups efficiently offer steric
protection of the [Fe-N,] moiety and prevent dimerization of cubes
through either an Fe-N,~Fe bridge or an inter-cube Fe-S interaction.
In contrast, the less bulky Cp* ligands lead to a more exposed Fe site
(Fig.3a) and allow the approach of the Fe site of another [Mo,S,Fe] cube
to give an Fe-N,-Fe dimer. The bulkiness of the Cp® ligands should
affect the catalytic activities as well, as we suggest that the first N-Si
bond formation occurs at the distal Natom. Inan Fe-N,-Fe dimer, both
N atoms are protected until one of the Fe-N interactions breaks to
generate monomers. Inthe catalytic reactions using Fe-Cl cubes, chlo-
ride abstraction (initiation) is expected to be slower with the bulkier
Cp*ligands.

To better understand the properties of 2a-2c¢ and 3, zero-field ¥
Fe Mossbauer spectrawere measured at 78 K using powdered crystals
(Supplementary Fig.10). The spectrawere fitted as single quadrupole
doublets with the following values of the isomer shift (6) and the quad-
rupole splitting (IAE,|): 6 = 0.479(4) mms™ (2a), 6=0.410(2) mms™
(2b), 6=0.401(3) mm s (2¢) and §=0.263(3) mm s (3), respec-
tively; |AE,| =1.258(8) mm s™ (2a), |AEq| =1.422(5) mms™ (2b),
|AE,| =1.466(5) mms™(2¢) and |AEy| = 0.906(5) mm s (3), respectively.
The §values of 2a-2c are lower than those of the precursors 1a-1c fea-
turing Fe" centres (6 = 0.555(2)-0.563(3) mm ™), even though 2a-2care
supposedly more reduced. Areduced Fe centre typically shows a higher
dthan an oxidized Fe in similar coordination environments, owing to
shielding of electrons in s orbitals by the increased 3d electron densi-
ties. This has also been verified for [Fe,S,] and [Fe,S,] clusters bearing
thiolate ligands®. The opposite trend observed here could be ascribed
to mtback-donation from Fe to the N, ligand. As suggested from theo-
retical calculations, such increased covalency of the Fe-ligand bond
leads to high electron density at the Fe nucleus and, consequently, a
low 6 value®. Thus, although determination of the Fe oxidation state
is not straightforward, we tentatively assign the Fe centres in 2a-2¢
as close to Fe" but only slightly reduced. Kohn-Sham frontier orbit-
als of optimized 2a and 2c¢ reveal major contributions of Mo atoms in
the occupied orbitals to store reducing equivalents (Supplementary
Figs.21-23). The density-functional-theory-calculated § values of 2a, 2¢
and 3based on the crystal and optimized structures are qualitatively in
agreement with the experimental data (Supplementary Tables 7-10),
supporting the utility of orbital analysis.

The covalent nature of Fe-N interaction can also rationalize the §
value of 3. Asillustrated by the N-N bond distance and N-Nstretching
frequency of the cluster, silylation of the N, ligand has led to stronger
back-donation from Fe and a shorter Fe-N distance (1.687(5) A) than
those of 2aand 2¢. This is consistent with a highly covalent Fe-Ninterac-
tionand does not contradict the decrease of the § value in 3 compared
with2a-2c, implying amajor contribution of aresonance structure of
Fe=N=N-SiPh,. A notably bent N-N-Si angle of 3 (133.4(5)°), a linear

CsMe,SiMe, (CpY)

C;Me,SiEt, (CpXY)

Panelsaand c were prepared from the crystal structures of 2aand 2c; panel b
was prepared viasoftware using the Cl-bound cluster 1b.

Fe-N-Nalignment (171.6(6)°) and computed Mayer bond orders (Fe-N,
1.49 (3) versus 0.89 (2a) and 1.12 (2¢); N-N, 1.68 (3) versus 2.00 (2a) and
2.31(2c¢); Supplementary Tables 11-13) are in good agreement with
adiazenido assignment. The effect of the Fe-N interaction on the §
variation of aseries of clusters can beillustrated by a plot of their Fe-N
bond distances versus ¢ values. The plot using data points of 2a,2cand
3 exhibits a pseudo-linear relationship as shown in Supplementary
Fig. 20. Interestingly, similar relationships were also seen in [(SiP*™;)
Fe(N,)]%" and [(SiP*™;)Fe(N,SiMe,)] (SiP*™, = Si(0-C,H,P™,),])*°, and
[LSnFe(N,)]1% and [LSnFe(N,SiMe;)] (L = [N(0-(NCH,P™,)(C¢H,), 12 )%,
and regression lines from each series have nearly the same slope.

Overall, the above results represent the first catalytic silylation of N,
by asynthetic M-S cluster and suggest some key features for success-
ful N, reduction. Sufficient stability of the M-S core under reducing
conditions can make an Fe centre sufficiently electron-rich to activate
N,. These results imply that suppression of intermolecular aggrega-
tion of M-S cores is a key to stabilizing a terminal N,-bound species
and maintaining the reactivity at the distal N atom of the bound N,
molecule. In this sense, the steric protection given by the Cp® ligands
loosely mirrors the role of a protein matrix isolating metal centres to
controlreactivity and avoid undesirable decomposition. Although N,
reduction to NH; or to N(SiMe,), should have substantial mechanistic
differences, our results provide compelling clues that the N, molecule
can become susceptible to reduction by Fe centres in S-rich environ-
ments, as is the case with FeMoco.
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Field-free superconducting diode effect
in noncentrosymmetric superconductor/

ferromagnet multilayers
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The diode effect is fundamental to electronic devices and is
widely used in rectifiers and a.c.-d.c. converters. At low tem-
peratures, however, conventional semiconductor diodes pos-
sess a high resistivity, which yields energy loss and heating
during operation. The superconducting diode effect (SDE)™¢,
which relies on broken inversion symmetry in a super-
conductor, may mitigate this obstacle: in one direction, a
zero-resistance supercurrent can flow through the diode, but
for the opposite direction of current flow, the device enters
the normal state with ohmic resistance. The application of a
magnetic field can induce SDE in Nb/V/Ta superlattices with
a polar structure'?, in superconducting devices with asymmet-
ric patterning of pinning centres® or in superconductor/ferro-
magnet hybrid devices with induced vortices'*". The need for
an external magnetic field limits their practical application.
Recently, a field-free SDE was observed in a NbSe,/Nb,Br,/
NbSe, junction; it originates from asymmetric Josephson tun-
nelling that is induced by the Nb,Br, barrier and the associ-
ated NbSe,/Nb,Br, interfaces'>. Here, we present another
implementation of zero-field SDE using noncentrosymmetric
[Nb/V/Co/V/Tal,, multilayers. The magnetic layers provide
the necessary symmetry breaking, and we can tune the SDE by
adjusting the structural parameters, such as the constituent
elements, film thickness, stacking order and number of rep-
etitions. We control the polarity of the SDE through the mag-
netization direction of the ferromagnetic layers. Artificially
stacked structures'¢, such as the one used in this work, are
of particular interest as they are compatible with microfabri-
cation techniques and can be integrated with devices such as
Josephson junctions'®-?2, Energy-loss-free SDEs as presented
in this work may therefore enable novel non-volatile memo-
ries and logic circuits with ultralow power consumption.

We fabricated noncentrosymmetric ferromagnet/superconduc-
tor multilayers [Nb (4.5nm)/V (4.5nm)/Co (1.7 nm)/V (4.5nm)/Ta
(4.5nm)],, by replacing the V layers in Nb/V/Ta superlattices">***
with symmetric V/Co/V units to control the Rashba superconduc-
tor” by magnetization. The crystalline structure of the multilayers
was characterized by low-angle and high-angle X-ray diffraction
profiles (Methods and Supplementary Fig. 1). Figure la shows a

2, Ryo Kawarazaki', Daisuke Kan'3, Yoichi Shiota®'3,
13, Alexey V. Ognev*, Alexander S. Samardak?,

schematic of the measurement configuration, wherein the magnetic
field, electrical current and polar axis are perpendicular to each
other. Figure 1b shows a photomicrograph of the device with the
polar axis along the z direction. Electric current and magnetic field
were applied along the y and x directions, respectively.

Figure 1c shows the temperature dependence of the resistivity
of the device at an electrical current density of 0.455kA cm™ under
various magnetic fields ranging from 0 to 0.5T.

The superconducting transition temperature, T; (the tempera-
ture at which the resistivity drops to half of that above the transi-
tion), of the device was determined to be 2.6K in the absence of a
magnetic field. The T; of the present device is lower than that of the
previously studied [Nb (1nm)/V (1nm)/Ta (1nm)],, device'. This
is possibly due to the pair-breaking effect of the Co layers'® and/
or the difference in the repetition number (Supplementary Fig. 2).

Furthermore, vortices were observed to start breaking the super-
conducting phase with increasing magnetic field, and the super-
conducting phase completely disappeared above 0.5T at the lowest
measurement temperature of 1.9K. The superconducting coherence
length £(0) at 0 K was estimated to be 24nm (Supplementary Fig. 3).
The magnetization curves of the multilayers at different temperatures
in Fig. 1d show the characteristic ferromagnetic responses with a
coercive field of 0.065 T in the multilayers above and below the T..

Figure le presents the magnetic field dependences of the resis-
tivity at several electrical current densities evaluated at 1.9K. We
observed switching between normal and superconducting states,
similar to that observed in previous studies'*'. This is caused by the
interplay between superconductivity and ferromagnetism. Previous
reports have suggested that the switching between the normal and
superconducting states is due to the internal exchange field at the
superconductor-ferromagnet interface’'’. In our experiments,
the switching between the normal and superconducting states
was observed in the current density range of 0.455-20.45kA cm™.
Because of the suppression of superconductivity by the external
magnetic fields, the electrical resistivity increases monotonically
with the magnetic fields at a low current density of 0.455kA cm™.

As the current density increases, the hysteresis of magnetore-
sistance becomes more pronounced, and the conventional mag-
netoresistance of Co is observed above 22.72kA cm™, where the
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superconductivity is completely destroyed. The observation of the
conventional magnetoresistance of Co also indicates that the device
fabrication process does not alter the ferromagnetic properties of
the multilayers.

Figure 2a,b shows the resistivity as a function of the current
density, J, under various magnetic fields for positive and negative
currents at 1.9 K. We observed the SDE in our noncentrosymmet-
ric superconductor/ferromagnet multilayers; the critical current
density J. (the current density at which the resistivity increases
to half of that above the transition) depends on the polarity of
the current. Note that ], is determined by the transition from the
superconducting state to the normal conductive state. Therefore,
there is no influence from the Joule heating. The variation in
J. with the magnetic field at 1.9K is shown in Fig. 2c. In these

824

J. measurements, the magnetic field was initially set to +0.5T,
which is sufficiently large to saturate the magnetization, deter-
mined from the results in Fig. 1c. Subsequently, J. was measured
by sweeping the magnetic field in the order of +0.5, 0, —0.5, 0,
+0.5T. ] also exhibits hysteresis, reflecting the magnetic hyster-
esis of the Co layer. J. shows a symmetric behaviour with respect
to zero field (dashed line) for the sweep of the magnetic field in
the order of —0.5, 0, +0.5, 0 T. The pronounced peak around the
coercive field can be attributed to enhanced vortex pinning on the
network of proliferating domain walls®.

Figure 2d shows the magnetic field dependences of the
non-reciprocal components of the critical current densities,
AJ.=|+J|—|-J), at different temperatures (+J. and —J, are the
critical current densities corresponding to positive and negative
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sweep direction was reversed, and the magnetic field was swept from —0.5 to +0.5T (upward sweep, red). The arrows indicate the sweep direction.

currents, respectively). Here, the magnetic field was initially set to
+0.5T. Then, AJ, was measured by sweeping the magnetic field in
the order of 4+0.5, 0, —0.5, 0, +0.5T. In the downward sweep from
the magnetic field of +0.5T at 1.9K (black dots), a negative peak
of AJ. appears at approximately +0.008 T, and AJ. approaches zero
at 0T. As the magnetic field decreases further, large negative and
positive peaks of AJ. appear at approximately —0.008 and —0.04 T,
respectively. The AJ, value then gradually decreases to zero at
around —0.5T. After saturating the magnetization at —0.5T, AJ,
was measured again by sweeping the magnetic field in the order
of —0.5, 0, +0.5T. Moreover, the magnetic field dependence of AJ,
in the upward sweep shows a trend (red dots) opposite to that of
the downward sweep (black dots). The microscopic origin of the
observed peaks and dip structures in the magnetic field dependence
of AJ, is not clear. However, it is possibly related to the evolution of
complex magnetic domains. We also checked the reproducibilities

NATURE NANOTECHNOLOGY | VOL 17 | AUGUST 2022 | 823-828 | www.nature.com/naturenanotechnology

of J. and AJ, in two additional devices (Supplementary Fig. 4), and
we observed that there was no clear hysteresis of AJ, in the con-
figurations of B|| x and B|| z (Supplementary Fig. 5). This hysteresis
behaviour of AJ, for B|| y is in clear contrast with the SDE observed
in Nb/V/Ta superlattices', wherein no hysteresis is observed. Note
that the symmetric [Nb/V/Co/V/Nb],, multilayers without a polar
structure do not exhibit the clear non-reciprocal components of the
critical current densities even though they exhibit hysteresis in the
magnetization curves (Supplementary Fig. 6). Therefore, the polar
structure is essential to realize the magnetization-mediated SDE.
The polarity control of SDE in a zero field is essential to develop
non-volatile devices based on SDEs. We demonstrate it using the
minor hysteresis loops of the magnetization. Figure 3a shows the
magnetic field dependences of J, for positive and negative currents
in minor hysteresis loops. For this, the magnetic field was swept in
the order of 0.5, 0, —0.15T (downward sweep) and then —0.15, 0,
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Fig. 3 | Field-free SDE controlled by magnetization. a, Magnetic field dependences of J_ for positive and negative currents in minor hysteresis loops at 1.9K.
Magnetic field was swept in the order of +0.5, 0, —0.15T (downward sweep) and then —0.15, O, +0.15T (upward sweep). b, Magnetic field dependence of
AJ_in the minor hysteresis loops obtained by Fig. 3a. ¢, Magnetic field dependences of J. for positive and negative currents in minor hysteresis loops at 1.9K.
Magnetic field was swept in the order of —0.5, O, +0.15 T (upward sweep), and then +0.15, 0, —0.15T (downward sweep). d, Magnetic field dependence

of AJ_in the minor hysteresis loops obtained by Fig. 3c. e, Repeated application of current densities J=72.7kAcm2and J=-72.7kAcm at 1.9 K without

a magnetic field. f, Non-volatile SDE at 1.9K. Red and black dots represent the results for negative magnetization (—M) and positive magnetization (+M),
respectively. The device shows a superconducting state or normal conducting state depending on the polarity of the current. Note that the polarity of the
SDE depends on the direction of magnetization. The —M or +M state is achieved after sweeping the magnetic field in the order of +0.5, 0, —=0.15,0 T or

—0.5, 0, +0.15, OT, respectively.

+0.15T (upward sweep). The limiting field of the minor loops is
0.15T, as shown by the dashed line in Fig. 1d. Owing to the asym-
metrical magnetic field sweeping, J. shows asymmetry with respect
to the zero field (dashed line). Consequently, we observe the posi-
tive AJ. in the zero field after sweeping the magnetic field in the
order of +0.5, 0, —0.15, 0T, as shown in Fig. 3b. Moreover, J, also
shows asymmetry with respect to zero field after sweeping the mag-
netic field in the order of —0.5, 0, 40.15, 0T, resulting in a negative
AJ. under the zero-field condition, as shown in Fig. 3¢,d. Therefore,
we could control the polarity of the SDE by magnetization.

Here, we demonstrate the non-volatile SDE. With repeated appli-
cation of current densities in Fig. 3e, the red and black dots in Fig. 3f
represent the resistivities measured with J=72.7kA cmat 1.9K for
negative (—M) and positive (+M) magnetizations, respectively. The
—M (+M) is the state after sweeping the magnetic field in the order
of +0.5, 0, —0.15, 0T (—0.5, 0, +0.15, 0T). The device exhibits a

826

superconducting state or a normal conducting state depending on
the polarity of the current, and the polarity of the SDE depends on
the direction of magnetization.

Finally, we discuss theoretical viewpoints in detail. We performed
a first-principles band structure calculation in the non-magnetic
electronic state for a Nb/V/Co/V/Ta supercell, where two atomic
layers of body-centred cubic Nb, V, Co, V and Ta were repeatedly
stacked, as shown in Fig. 4a,b. The Rashba splitting of bands at the
Fermi energy E; was observed as E;=1-10meV, which is close to
the value of a Nb/V/Ta superlattice. Although the Rashba splitting
of Co bands was minor (~1 meV), the density of states due to the
Co bands near E; was predominantly larger than that due to the Nb,
V and Ta bands, as shown in Fig. 4b. To gain more insight, we also
performed a spin-polarized band structure calculation with the
magnetization direction [010] and obtained a ferromagnetic ground
state, where the total energy was lower than that of the non-magnetic
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state, as shown in Fig. 4c,d. The magnitude of the magnetic moment
| M| at Co atoms was calculated as |M|=1.93u; where u, is the Bohr
magneton. The V atoms adjacent to Co atoms had a considerable
magnetization |M| = 0.5u;-15, while others had only |M|=0.01p;-
0.054;. Thus, the atoms that are not adjacent to Co atoms can sta-
bilize the superconductivity against the Pauli depairing effect due
to the ferromagnetic spin polarization. We indeed noticed that the
partial densities of states are almost unchanged for Nb, V and Ta
atoms, and all atoms contribute at E in the ferromagnetic state, as
shown in Fig. 4d. In other words, the superconducting transition
temperature of this system may be determined from the total den-
sity of states consisting of three types of atoms.

Pairing states that exhibit the diode effect would correspond
to helical superconductivity, which has been investigated in non-
centrosymmetric superconductors such as CePt,Si (refs. %), the
surface/interface of SrTiO,/LaAlO; (ref. *°) and heavy-fermion
superlattices”. The asymmetric band dispersion is essential for
the helical superconductivity, and it appears in the noncentrosym-
metric ferromagnet. Our spin-polarized band structure calcula-
tion indeed shows asymmetric behaviours (Supplementary Fig. 7).
The SDE has been analysed by the Ginzburg-Landau theory and
microscopic Hamiltonian***. Higher-order gradient terms in the
Ginzburg-Landau expansion exhibit the non-reciprocity of criti-
cal current, and the microscopic calculation predicts an anomalous
‘sign-reversal effect’ in the helical superconducting state’. Thus,

it will be intriguing to clarify the asymmetric and sign-reversing
behaviour observed in Fig. 2d in future works.

The experiments revealed that noncentrosymmetric supercon-
ductor/ferromagnet multilayers exhibited magnetization-mediated
non-reciprocal critical currents, that is, a magnetization-mediated
SDE. The field-free SDE demonstrated here enables rectification
without an external magnetic field. However, significant issues
still need to be overcome for practical application. The rectifica-
tion still requires precise control of the applied current and tem-
perature, which are major limitations for practical device operation.
Therefore, it is essential to explore materials with a larger AJ. and
higher T, to realize a wide temperature range of operation. The pro-
posed method of symmetry breaking using artificial stacked struc-
tures is versatile and controllable. Furthermore, the electronic band
structure can be controlled by modulating the thickness and period
of each constituent layer, which offers a promising route for explor-
ing new materials for practical application. Our findings pave the
way for obtaining rewritable superconducting diode logic circuits
using the non-volatility of magnetic materials.
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Methods
Device fabrication. The [Nb/V/Co/V/Ta],, multilayers were grown on MgO(100)
substrates by direct current (d.c.) magnetron sputtering in a high-vacuum system
with a base pressure of approximately 5 X 10 Pa. Before the film growth, the
MgO(100) substrate was heated at 600 °C for 30 min in a sputtering chamber to
remove impurities. Subsequently, the MgO substrate was heated to 300°C during
the deposition. All the films were deposited under an Ar pressure of approximately
0.1Pa. The Nb, V, Co, V and Ta layers were repeatedly sputtered on the MgO
substrate in the same sequence for 20 cycles. The deposition rates were maintained
constant at 0.36, 0.22, 0.45 and 0.18 As™! for Nb, V, Ta and Co, respectively. The
total deposition time was approximately 5h. After deposition, the films were cooled
from 300 to 30°C. X-ray diffraction was performed using a conventional four-circle
diffractometer (PANalytical, X’pert MRD) with Cu Ko, radiation (wavelength,
A=0.154nm). Supplementary Fig. 1a,b shows the low-angle and high-angle X-ray
diffraction profiles of the multilayers, respectively. In this study, the thickness of the
ferromagnetic layer was adjusted to realize ferromagnetic properties, and it was set
to be sufficiently small to avoid the Bloch domain wall effect.

The deposited films were then patterned into a wire (dimensions,
50 pm X 1,000 pm X 0.44 pm) using conventional photolithography and Ar-ion
milling. Finally, Au (100 nm)/Ti (5.0nm) metal electrodes were electrically
connected to the wire. The surface layer was removed through weak Ar-ion milling
before the electrode deposition to create ohmic contacts.

Transport and magnetization measurements. During the transport measurements,
the temperature and magnetic field were controlled using a commercial refrigerator
(Quantum Design, Physical Property Measurement System) with d.c. applied using
a current source (Yokogawa 7651). The voltage was measured using a four-terminal
configuration with a nanovoltmeter (Keithley 2182A).

The magnetization of the sample was studied under a magnetic field parallel
to the film surface, using a superconducting quantum interference device
magnetometer (Quantum Design MPMS3). Before starting the measurements,
the magnetic field was reduced from 1.0 to 0 T using an oscillating field sequence
to remove any trapped flux in the superconducting magnet. Subsequently, the
magnetic hysteresis loops of the zero-field-cooled (ZFC) magnetization were
measured in the ‘d.c. and no overshoot’ mode using film samples with dimensions
of 7mm x 2 mm. ZFC means that the sample was cooled from 10 K without the
magnetic field before magnetization measurements. The magnetization of the
MgO substrate was subtracted to determine the intrinsic magnetic properties of the
multilayers with the field parallel to the surface.

Details of band structure calculation. We conducted first-principles calculations
for non-magnetic and ferromagnetic states on a bulk Nb/V/Co/V/Ta superlattice.
We adopted the full-potential linearized augmented plane wave plus local orbitals
method within the generalized gradient approximation in the WIEN2k package®-*.
A supercell was constructed with ten atoms consisting of two layers of Nb, V, Co,

V and Ta atoms. We used the muffin-tin radius Ry of 2.50 a.u.; the maximum
reciprocal lattice vector K., as Ry;K,,,,=8.0; and 21 X 21 X4 k-point sampling for
self-consistent calculation. Supplementary Fig. 7 shows the band structures and the
partial densities of states in non-magnetic and ferromagnetic states. If we neglect
the Co bands, the band structure is similar to that in the Nb/V/Ta superlattice.

NATURE NANOTECHNOLOGY | www.nature.com/naturenanotechnology

The partial densities of the states of Co show an exchange splitting, while they are
almost unchanged for Nb, V and Ta. Thus, Nb, V and Ta layers form spin-splitting
bands with weak magnetization. Therefore, it is verified that Nb/V/Co/V/Ta is a
noncentrosymmetric superconductor that exhibits a SDE without a magnetic field.

Data availability
The data that support the findings of this study are available from the
corresponding authors upon reasonable request.
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