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2020-3 X-ray structural studies on ligand complexes of maleylacetate reductase
Kansai University Tadao Oikawa
2020-4 L— =T TR LRI 254 B R m B REME AT 50 1T
PN I i
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2020-8%¢  Gas sensing properties research of transition-metal oxides
Chinese Academy of Sciences Haichuan Guo
2020-9%%  Separation and evaluation of thiolate protected metal clusters with atomic
precision by using LC/MS
Tokyo University of Science Yuichi Negishi
2020-10%  Small molecule activation using anionic crypto-FLPs
University of Bonn Rainer Streubel
2020-112% Design and tailoring advanced functional materials: Symmetry operation and
high pressure synthesis
National Taiwan University Wei-tin Chen
2020-12%% Development of unsymmetrical n-electron systems of heavier main group
elements and elucidation of their property
Tohoku University Takeaki [wamoto
2020-13%%  Optical control of high-order harmonic generation from solids
University of Tsukuba Shunsuke Sato
2020-14%¢ Iron-catalyzed C-H borylation
Visva-Bharati University Alakananda Hajra
2020-15%  Electrochemically engineered peptide based organic-inorganic
nanohybrids for electrocatalytic conversion of biomass into value added
chemicals
Indian Institute of Technology Indore Apurba K. Das
2020-162% Iron-catalyzed enantioselective carbometalation and ring-opening
reactions of oxabicycloalkenes and other related substrates and
mechanistic consideration
Indian Institute of Engineering Science and Technology Laksmikanta Adak
2020-17 Study on the stability of novel ternary nanoparticles by doping 3" elements
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2020-21 Development of dinuclear nickel complexes based on a monoanionic
tridentate pincer-type ligand
Yokohama National University Yoshitaka Yamaguchi
2020-22 WAL T2 W e L — VB IO RS RESS B
SR THREEBANBIIERT W P —
2020-23 Creation of effective oxidation scavenger for efficient perovskite-based solar cells
University of Tsukuba Takahiro Sasamori
AN o B
2020-24%¢ A study on statistical machine learning for efficient graph structured data
analysis
Nagoya Institute of Technology Masayuki Karasuyama
2020-25% Integrating omics data and module-based network with deep learning to
develop cancer type predictive models
National Chiao Tung University Jinn-Moon Yang
2020-26%%¢ Next-generation bioinformatics approaches for the accurate identification of
protease-specific substrate cleavage sites
Monash University Jiangning Song
2020-272% Revealing associations between giant viruses and eukaryotes in the global ocean
through community networks inference and mining
CNRS UMR6004 Samuel Chaffron
2020-282%¢ Unveiling the genomic contents of ecologically important marine giant viruses
CNRS UMR8030 Tom O. Delmont
2020-29 Development of predictive methods for marine microbial communities
based on remote sensing data
National Institute of Advanced Industrial Science and Technology Kentaro Tomii
2020-30 Control and analysis of complex networks via probabilistic minimum
dominating sets
Toho University Jose C. Nacher
2020-31 Genomics and transcriptomics of giant viruses
Tokyo University of Science Masaharu Takemura
2020-32 Whole genome analyses of marine bacterivorous heterotrophic
nanoflagellates
Fukui Prefectural University Takafumi Kataoka
2020-33 Comparative genome analysis of Parmales and diatoms: Looking for the
ancestral genomic feature
Fukui Prefectural University Shinya Sato
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2020-35% Light emission from halide perovskites and related materials
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National Taiwan University Ru-Shi Liu
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Exploration of cycloaddition properties of guanidine functionalized anthracenes
Rudjer Boskovic Institute Davor Margetic
Development of new blue TADF emitters with horizontal molecular orientations
University of St Andrews Eli Zysman-Colman
Coupling of nanographenes and curved n-systems and elucidation of their
electronic and optical interactions
Okinawa Institute of Science and Technology Graduate University Akimitsu Narita
Development of hole transport materials for tin-perovskite and device characterization
Osaka University Akinori Saeki
Development of n-conjugated nickel complexes for high performance n-type
thermoelectric materials
Osaka Institute of Technology Michihisa Murata
~TRT AL ORHEZIE U= B s REE R O Al
DA TRSFENAL BR
Preparation of chiral silica via chiral transfer
Osaka Institute of Technology Tomoyasu Hirai
~ 7 aBRE RS NICE A LT RS PR O[T
INCPNE SN e
A1 AR TR DN-NEIR LS 4 0O R BE R B 650 BIVE D B %8
HIRKRT: HE Eh

Molecular understanding on the structures and dynamics of ionic end-aggregation
polymers
Suraneree University of Technology Visit Vao-soongnern
Observation of orbital Hall effect in ferromagnet/nonmagnet bilayers
University of Ulsan Sanghoon Kim
High frequency response of polymeric liquids: Rheology and dielectric
relaxation
Yamagata University Sathish K. Sukumaran
Dissolved and particulate Fe isotopic composition in the North Pacific
Ocean: Sources and internal cycling
Academia Sinica Tung-Yuan Ho
Revealing exciton quenching mechanisms in thermally activated delayed
fluorescent devices
University of St. Andrews Ifor D. W. Samuel
Fabrication of low bandgap semiconductor films and their light induced
interfacial charge transfer and charge transport dynamics
RMIT University Yasuhiro Tachibana
Dynamics of shear-induced concentration fluctuation in polymer solutions
Stony Brook University Maya Endoh
GISAXS-CTIEIZ & 20 #5701 BHE 8 U DR 5 TR O R — o3 A e Al
BIPEABERSE BRI B L
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Origin analysis of atmospheric aerosol of mountainous areas by trace
metal analysis
Kindai University Yuzuru Nakaguchi
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2020-56 Dynamic viscoelasticity and tensile properties of thermoplastic elastomers
Nagoya University Atsushi Noro
2020-57  TIRE=vIEET IR ERREHT DI O HRRHIHE B ORE S
JeiEE RS AR
2020-58 Study on transportation of metal ions through a polymer membrane
containing ionic liquid
Kyoto University of Education Hiroshi Mukai
2020-59 Exploration of hierarchical dynamics of amorphous polymers by broadband
dielectric spectroscopy
Osaka University Osamu Urakawa
AR TR AL R E
2020-60%% Dielectric relaxation of type-A rouse chain under end-adsorption/desorption
equilibrium: Effect of motional coupling
Sungkyunkwan University Youngdon Kwon
2020-61%%¢ Molecular mechanisms for the inactivation of a growth hormone in rice
Chinese Academy of Science Zuhua He
2020-62%%¢ Well-defined AIE-based polymer brush for the application of the
electrochemical luminescence biosensors
South China University Ying Ma
2020-63% Role of phosphoinositide signaling in pollen development
Peking University Sheng Zhong
2020-64%¢ Role of PX-PH-type phospholipase Ds in plant intracellular membrane traffic
MRC Yohei Ohashi
2020-65%¢ Proteomic approach to discovering specific inhibitors for bile-acid
interacting enzymes
Peking University Xiaoguang Lei
2020-663%% Transfer of redox sensitive elements across the sediment-water interface in a
hypoxia area near the East Chia Sea
Xiamen University Pinghe Cai
2020-67%%¢  Application of artificial viral capsid to intracellular delivery
Tottori University Kazunori Matsuura
2020-68%¢  Structural and functional analysis of curvature-inducing peptides and application
Karlsruhe Institute of Technology Anne S. Ulrich
2020-69%¢  Site-selective protein acetylation by a small molecule
Fudan University Lu Zhou
2020-70% Modulation of ferrimagnetic spin waves by electric field
KAIST Kab-Jin Kim
2020-71% Novel strategy for intracellular delivery of nanomedicines
IBEC Silvia Pujals
2020-72% Revealing exciton quenching mechanisms in thermally activated delayed
fluorescent devices
Tsinghua University Lian Duan
2020-73% Fabrication of nanotopographical polymer surfaces for bactericidal
properties-11
Stony Brook University Maya Endoh
2020-74%%  Synthesis of polyether nanocomposite solid polymer electrolytes for
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lithium ion batteries
Michigan State University Robert C. Ferrier, Jr.
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Structural and functional analysis of the surface glycolipids of outer
membrane vesicles released by bacteria
University of Naples Federico I Maria Michela Corsaro
Construction of heterologous protein secretion system at low
temperatures by using cold-adapted microorganisms
Southwest University Xianzhu Dai
Molecular mechanisms governing gene expression regulation in plant plasticity
National Center of Biotechnology Rubio Vicente
Formation of supramolecular complexes through a host-guest interaction
between cycloparaphenylene and azacorannulenes
Nanyang Technological University Shingo Ito
Research of multi-qubit diamond quantum processors
Australian National University Marcus W. Doherty
Research toward stable NV centers at shallow region in diamond
Leibniz institute for surface engineering Gopalakrishnan Balasubramanian
Advanced iodine—mediated stereoselective flow electrochemistry
Cardiff University Thomas Wirth
Cation-m interaction in enolate chemistry
University of Bristol Jonathan Clayden
Interdisciplinary approach to nanostructured materials for applications
Universite de Strasbourg Jean-Pierre Bucher
Relationship between chain orientation, amount of defects, and toughness of
glassy polystyrene materials
Changchun Institute of Applied Chemistry Quan Chen
Search for four-wave-mixing in the vacuum - Unveiling dark components in
the Universe -
Hiroshima University Kensuke Homma
Fine synthesis of polymer brash on ferromagnetic nano-platelet for
magnetophotonic LC
Osaka University Yoshiaki Uchida
B CERRA TSR D R L& Z DR REMRT
RERHINLRY: =4 5
Study on the regulatory network of plant epidermal cell differentiation
Hiroshima University Rumi Tominaga
7R el e WA AVE" SN
KBRS (Ll &
Functional analysis of non-canonical strigolactones as plant hormones and
root-derived signals
Meiji University Yoshiya Seto
Analysis of phase equilibrium and molecular dynamics in mixture of
nematic liquid crystal and solvent
Japan Women's University Ryoko Shimada
AFXDANIZ TN AR RIZEBITHCYPTIAT 7V — DOFEREMRAT
FRRY R
Analysis of the physiological functions of extracellular vesicles produced by intestinal
bacteria and fermented food-derived bacteria and their application
Kindai University Atsushi Kurata
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Observation of spin wave propagation in polycrystalline YIG thin films
prepared by coprecipitation method
Gifu University Keisuke Yamada
PUBEBSPENEZ 108~ F R L5208 At A i
BISFRBNY:  KiG BHR
Giant exchange reaction from H to D terminating on nanocrystalline
silicon surface and their use
Nagoya City University Takahiro Matsumoto
SRS PR TR B S RAR 2 L& 8 A A D [E Rl
RBFSERT: A I
Anomalous Hall effect of ultrathin Pt films grown on magnetic oxide
Hokkaido University Taro Nagahama
B Al A A 2 G TSR LA G AL OREE MR ZE
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ACDANROY =2 H LRI NTT ==L v OFFFRIEDORS
KBRS BRER 5F
Study on electronic and magnetic behavior of perpendicularly magnetized
cobalt ferrite films
Nagoya Institute of Technology Masaaki Tanaka
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Studies on enantioselective total syntheses of marine natural product
bohemamines and their derivatives
Kanazawa University Tomoyuki Yoshimura
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2020-115%%

2020-1163%

2020-117%

2020-1183%

Determine the three-dimensional structure of "°C labeled a-synuclein(61-95)
in the Langmuir-Blodgett film and supported phospholipids bilayers by
p-MAIRS FT-IR
Middle Tennessee State University Chengshan Wang
Hydrophilic dendrimers as additive for polyvinylidenedifluoride based membranes
University of Montpelier MonaSemsarilar
Resolving percolation dynamics responsible for mechanical reinforcement in
polymer nanocomposites under uniaxial stretching
Stony Brook University Tadanori Koga
The 16th International Workshop for East Asian Young Rheologists
Osaka University Tadashi Inoue
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2020-132
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Study on the mechanism of the crystal structural evolution of polydimethylsiloxane
University of Science and Technology of China Liangbin Li
High-pressure synthesis of potential multiferroic oxides
University of Edinburgh Kunlang Ji
Micro- and nano-structural characterization by advanced transmission electron
microscopy of novel functional materials for battery development
Chiang Mai University Torranin Chairuangsri
Electron energy loss spectroscopy analysis of hexagonal multilayer graphene
National Taiwan University Cheng-Yen Wen
Electronic excitations in charge-density-wave systems
National Taiwan University Ming-Wen Chu
Synthesis and characterization of novel organoselenium and -tellurium compounds
Rikkyo University Mao Minoura
B S XBE IE AR 2 e &7 o RISy F OfGiEIC BT 57
IVA T ZAHBAEFH OfFEH
RIERF: B KT
Synthesis and structural characterization of low-valent species of heavier
group 14 elements
Kindai University Tsukasa Matsuo
DNP-NMRZFI| U7 B S8R EE 2 B BE SR AT 14 D BR JE
LIRS 4 fls
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Synthesis and structures of cationic aromatics bearing thiopyrylium units
Fukuoka University Noriyoshi Nagahora
FT-ICR-MS% I 2§17 & O 38 BR B2 P IA A B DAL 4P S JONERIUSR AT
FORD LSS RS At 2RI
2R TEME K Wa D A kL - O STEM-EELS#AT
MRS HRE Ok
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1)* Highly Luminescent CsPbBr;@CssPbBrs Nanocrystals and Their Application in
Electroluminescent Emitters, J. Phys. Chem. Lett., 11, 10196-10202 (2020).

2)* Effect of Head-to-Head Association/Dissociation on Viscoelastic and Dielectric Relaxation of
Entangled Linear Polyisoprene: An Experimental Test, Macromolecules, 53, 1070-1083 (2020).

3) Helicenes Fused with Hexafluorocyclopentene (HFCP): Synthesis, Structure, and Properties,
Eur. J. Org. Chem., 2020, 1871-1880 (2020).

4) Development of P- And N-Chirogenic Ligands Based on Chiral Induction from a Phosphorus
Donor to a Nitrogen Donor in Palladium Complexes, Organometallics, 39, 1672—-1677 (2020).

5) Reaction of germabenzenylpotassium with TBDMSCIL: Unusual trimerization of
germabenzene skeletons, Phosphorus Sulfur Silicon Relat. Elem., 195, 936-939 (2020).

6) Visible-Transparent Aromatic Polymers Obtained by the Polycondensation of a
Bis(trifluorovinyl)benzene with Bisphenols, Macromolecules, 53, 2942-2949(2020).

7) Insertion reaction of chalcogens into an Al-P bond, Heterocycles, 100, 1084-1093 (2020).

8) Facile preparation of a,0-diynes bearing a perfluoroalkylene linker —(CF2)n— (n = 4,6) and
their application for Co- or Rh-catalyzed [2+2+2]cycloaddition reactions affording aromatic
compounds with perfluoroalkylene units, J. Fluorine Chem., 234, 109512 (2020).

9) Additive-Free Conversion of Internal Alkynes by Phosphanylalumanes: Production of
Phosphorus/Aluminum Frustrated Lewis Pairs, ChemPlusChem, 85, 933-942 (2020).

10) 1,2-Insertion reactions of alkynes into Ge-C bonds of arylbromogermylene, Dalton Trans.,
49, 7189-7196 (2020).

11) Discovery of Self-Assembling Small Molecules as Vaccine Adjuvants, Angew. Chem. Int.
Ed., 60, 961-969 (2020).

12) A Single H>O Molecule inside Hydrophobic Carbon Nanocavities: Effect of Local
Electrostatic Potential, Chem. Lett., 49, 244-247 (2020).

13) Precise synthesis of double-armed polymers with fullerene Ceo at the junction for controlled
architecture, Polym. Chem., 11, 4417-4425 (2020).

14) Cation Recognition on a Fullerene-Based Macrocycle, Chem. Sci., 11, 12428-12435 (2020).
15) Doubly-Holed Fullerenes, J. Am. Chem. Soc., 142, 20572-20576 (2020).

16) Aluminum-Based Initiators from Thiols for Epoxide Polymerizations, Macromolecules, 53,
8181-8191 (2020).

17) Room Temperature Electrically Detected Nuclear Spin Coherence of NV Centres in
Diamond, Sci. Rep., 10, 792 (2020).

18) Charge state control by band engineering, Semicond. Semimet., 103, 137-159 (2020).

19) Switchable giant nonreciprocal frequency shift of propagating spin waves in synthetic
antiferromagnets, Sci. Adv., 6, eaaz6931 (2020).
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20) Enhanced antiferromagnetic resonance linewidth in NiO/Pt and NiO/Pd, Phys. Rev. B, 101,
060402(R) (2020).

21) Fabrication of ferrimagnetic Co/Gd/Pt multilayers with structural inversion symmetry
breaking, J. Mag. Soc. Japan, 44, 9—14 (2020).

22) Dependence of Gilbert damping constant on microstructure in nanocrystalline YIG coatings
prepared by co-precipitation and spin-coating on a Si substrate, J. Magn. Magn. Mater., 513,
167253 (2020).

23) Observation of superconducting diode effect, Nature, 584, 373-376 (2020).

24) Tailoring THz antiferromagnetic resonance of NiO by cation substitution, Phys. Rev. Mater.,
4, 074402 (2020).

25) Chromatic aberration effect in refraction of spin waves, J. Mag. Soc. Japan, 44, 133—136 (2020).
26) Laser stimulated THz emission from Pt/CoO/FeCoB, App. Phys. Lett., 117, 192403 (2020).

27) An Artificial Amphiphilic Peptide Promotes Endocytic Uptake by Inducing Membrane
Curvature, Bioconjug. Chem., 31, 1611-1615 (2020).

28) Enhancing the activity of membrane remodeling epsin-peptide by trimerization, Bioorganic
Med. Chem. Lett., 30, 127190 (2020).

29) Strigolactone biosynthesis, transport and perception, Plant J., 105, 335-350 (2020).

30) Effects of a pyroglutamyl pentapeptide isolated from fermented barley extract on atopic
dermatitis-like skin lesions in hairless mouse, Biosci. Biotechnol. Biochem., 84, 1696—1705
(2020).

31) Lysophosphatidic acid acyltransferase from the thermophilic bacterium Thermus
thermophilus HBS8 displays substrate promiscuity, Biosci. Biotechnol. Biochem., 84,
1831-1838 (2020).

32) Chemoproteomic Profiling of a Pharmacophore-Focused Chemical Library, Cell Chem. Biol.,
27,708-718.¢10 (2020).

33) Discovery of a Small-Molecule-Dependent Photolytic Peptide, J. Am. Chem. Soc., 142,
1142-1146 (2020).

34) Tris(triazolo)triazine-based emitters for solution-processed blue thermally activated delayed
fluorescence organic light-emitting diodes, Mater. Adv., 1, 28622871 (2020).

35) Conformation Control of Iminodibenzyl-Based Thermally Activated Delayed Fluorescence
Material by Tilted Face-to-Face Alignment With Optimal Distance (tFFO) Design, Front.
Chem., 8, 530 (2020).

36) Mechanistic ~ study of silane  alcoholysis  reactions  with  self-assembled
monolayer-functionalized gold nanoparticle catalysts, Catalysts, 10, 1-17 (2020).

37) Detailed structural characterization of the lipooligosaccharide from the extracellular
membrane vesicles of shewanella vesiculosa HM 13, Mar. Drugs, 18, 231 (2020).

38) Characterization of a novel class of glyoxylate reductase belonging to the B-hydroxyacid
dehydrogenase family in Acetobacter aceti, Biosci. Biotechnol. Biochem., 84, 2303-2310
(2020).

39) Thermodynamic Effect on Viscosity and Density of a Mixture of 4-Cyano-4'-pentylbiphenyl
(5CB) with dilute Dimethyl Phthalate (DMP), J. Soc. Rheol. Japan, 48, 199-206 (2020).
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40) Rheo-Optical and Dielectric Study on Dynamics of Bottlebrush-like Polymacromonomer
Consisting of a Polyisoprene Main Chain and Polystyrene Side Chains, Macromolecules, 53,
7096-7106 (2020).

41) Dielectric relaxation of type-a rouse chains undergoing reversible end-adsorption and
desorption, Nihon Reoroji Gakkaishi, 48, 27-35 (2020).

42) Surface roughness and crystallinity of silicon solar cells irradiated by ultraviolet femtosecond
laser pulses, Electron. Commun. Jpn., 104, 3-9 (2020).

43) Development of intense terahertz light source for forming periodic structures on material
surface, Electron. Commun. Jpn., 103, 3-8 (2020).

44) Rotaxanes comprising cyclic phenylenedioxydiacetamides and secondary mono- And
bis-dialkylammonium ions: Effect of macrocyclic ring size on pseudorotaxane formation,
Org. Chem. Front., 7, 513-524 (2020).

45) Iron-Catalyzed Chemoselective C—N Coupling Reaction: A Protecting-Group-Free Amination
of Aryl Halides Bearing Amino or Hydroxy Groups, 4sian J. Org. Chem., 9, 372-376 (2020).
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X-ray structural studies on ligand complexes of maleylacetate reductase

Tadao Oikawa Kansai University

Rhizobium is a genus of tubercle-forming bacteria. It grows in the root of a plant in symbiosis with other
bacteria to fix nitrogen from the air. Although considerable attention has been paid to Rhizobium genes and
gene products, there is still little information available on the molecular structures, functions, and properties
of the enzymes involved in the metabolic pathways. Rhizobium sp. strain MTP-10005 was isolated from
natural river water during a screening experiment. Enzymological and genetic studies showed that the
translational products of the grad, graB, graC, and graD genes (GraA, GraB, GraC, and GraD, respectively)
could be potentially involved in the resorcinol degradation pathway. To reveal the structure and function of all
these proteins, I have performed X-ray structural studies of the proteins in collaboration with Dr. Tomomi Fujii
and Prof. emeritus Dr. Yasuo Hata, Institute for Chemical Research, Kyoto University. In this study, we focused
on maleylacetate reductase (GraC), which catalyzes the NADH- or NADPH-dependent reduction of
maleylacetate to 3-oxoadipate and attempted to determine the structure of GraC-cofactor-ligand complex.

N-terminal His-tagged GraC was overexpressed in Escherichia coli BL21 (DE3), purified, and used for
crystallization. The GraC-NADH complex crystals were prepared using the sitting-drop vapor-diffusion
method with a protein solution containing NADH and a reservoir solution consisted of 20% (w/v) PEG1500
and 0.1 M Bis-Tris pH 6.5. The crystals were soaked in cryoprotectant solutions consisted of 30% (w/v)
PEG1500, 5 mM NADH, 0.1 M Bis-Tris pH 6.5, and each of several substrate analogs. Each soaked crystal
was picked up in a cryoloop and frozen immediately in liquid nitrogen. Diffraction experiments were
performed on beamline BL-5A, Photon Factory, KEK, Japan. Diffraction data for each crystal were collected
under cryogenic conditions. The electron density maps were calculated using the data collected for each crystal
and the phases derived from the previously determined structural model of the GraC-NADH complex. The
electron density map of the crystal soaked in the cryoprotectant solution containing 10 mM adipic acid
dipotassium salt showed a blob of density at the active site. An adipate molecule was modeled in the blob, and
the structure was refined at 1.9 A resolution.

In the present crystal, one homodimeric GraC molecule exists in the P1 unit cell, and each subunit binds an
NADH molecule and an adipate molecule. The subunit of GraC molecule consists of two domains: an N-
terminal domain with an o/p structure formed by residues 1—159 and a C-terminal a-helical domain formed
by residues 160—351. The adipate molecule is located in the vicinity of NADH bound to the active site cleft
between the domains of the subunit. The superposition of subunit Co atoms between GraC-NADH-adipate
and GraC-NADH complexes results in the root mean square deviations of 0.49 A. No significant
conformational changes are observed in the protein backbone upon the binding of adipate to the GraC-NADH
complex. In the active site, one of the carboxyl groups of the adipate molecule forms hydrogen bonds with the
side-chains of Asn170, His243, His253, and His257. These residues might be involved in substrate binding or

catalysis.
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Gas sensing properties research of transition-metal oxides
Haichuan Guo Ningbo Institute of Industrial Technology

Introduction

The perovskite-type oxides are widely used to detect poisonous and harmful gases
because of high sensitivity and excellent selectivity, which demonstrates excellent
application potential in the field of gas sensors. Herein, a new design of sensor array (Fig.
1) was realized by integrating a series of transition-metal oxides LnFeOs3 (Ln = La, Pr,
Nd, Sm), which revealed excellent recognition ability for various VSCs (H2S, CS2, DMS,
and DMDS), showing promise for real time monitoring [1].
Experiments and results

LnFeOs materials were synthesized by the citrate sol-gel method. As-prepared oxide
powders were dispersed in deionized water and drop-coated on alumina ceramic
substrates with comb-type Au electrodes. The ceramic chips were calcined at 300 °C for
1 h to strengthen the stability and repeatability. Gas sensing properties were measured
using an intelligent gas sensing analysis system by the static volumetric method. The
recognition abilities of the LnFeOs sensors were investigated by the sensor array and the
principal component analysis (PCA) were conducted to distinguish four typical VSCs.

The results (Fig. 1 inset) clearly show that different concentrations, the region of
plots and various shape for each kind of VSCs. It can be obviously seen that the data

points of sensor array could be clustered and four different VSCs can be obviously

distinguished. Therefore,
the result indicates that the
footprints of different
VSCs gases were

successfully determined,

which demonstrated the

possibility of detecting

and discriminating the

VSCs in air pollution by

the LnFeOs sensor array.

Fig. 1 Schema of the sensor array and the result of PCA analysis
[1] Z. Zhang, S. Zhang, C. Jiang, H. Guo, F. Qu, Y. Shimakawa, and M. Yang, Integrated sensing
array of the perovskite-type LnFeOs; (Ln = La, Pr, Nd, Sm) to discriminate detection of volatile

sulfur compounds. Journal of Hazardous Materials, 2021, in press.
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Separation and evaluation of thiolate protected metal clusters with atomic
precision by using LC/MS

Yuichi Negishi

Objectives

Tokyo University of Science

Thiolate-Protected gold nanoclusters (Aux(SR)») have size-specific physical

and chemical properties. In these nanoclusters, ligand-exchange reaction is commonly used to

induce further functionality. In recent years, although it was reported that ligand-exchange

reaction proceed with size-conversion at the same time, mechanism of this reaction is not

revealed. For elucidation of size-conversion mechanism, it is necessary to obtain the information

of intermediate products in reaction.
Experimental methods In our work, we tried to
track ligand-exchange reaction with the size-conversion
of Au2s(SR)is to  Aus(SR)20 by

introducing LC/MS which was directly connected the

cluster cluster
chromatograph with the mass spectrometer. We used

reversed-phase high-performance liquid
chromatography (RP-HPLC) and electrospray ionization
mass spectrometry (ESI-MS) under guidance by ICR
partner researchers. The ligand-exchange reaction started
at addition of 4-tert-butylbenzenethiol (HSPhtBu) to
[Au25(SC2H4Ph)1s]™ dissolved in toluene. The products at
each reaction time were evaluated by LC/MS.

Results and discussion  Figure 1 shows the UV
chromatograms of the crude product at each reaction
time. In these chromatograms, multiple peaks were
observed. The reaction time of peaks were longer than
that of Auzs (Figure 1a) with the progress of the reaction
time (Figure 1b—e). It is considered that polarity of the
cluster change to lower as the number of ligand-
shows the UV

exchange increased. Figure 2a

A [Au,5(SCoHPh)gl

w

60 min

M

120 min

L

10 2{) ' 3‘0 ' 4‘0 ' 5‘0 ' 6‘0 70
Retention Time (min)

Figure 1. UV chromatograms of

[Auzs(SC2H4Ph)1s]” clusters (a) before

and after reaction at (b) 10 min, (c) 30

min, (d) 60 min and (e) 120 min.

Absorbance (a.u.)

Vi
i iidiiiv v

Absorbance (a.u.)
Absorbance (a.u.)
o 2

30 4I0 5[0

Retention Time (min)
Figure 2. (a) UV chromatograms at 380
nm of the crude product after reaction for
30 min and (b) UV-vis absorbance
spectra of the products at typical peaks
in (a).

Wavelength (nm)

chromatogram of the crude product after 30 minutes of reaction at 80 °C. Figure 2b shows the

UV-visible absorption spectra of the separated products at typical peaks in Figure 2a. In spectra

i-1v, the disappeared and the new specific peak of Auas clusters was observed at 365 nm. From

these results, it was revealed that products of ligand-exchange reaction could be separated and

the electronic structure change could be tracked by our method.

Publications
[1]Y. Negishi et al., Nanoscale, 12, 8017-8039 (2020).

[2] K. Isozaki, Y. Negishi, T. Hasegawa, M. Nakamura, K. Miki et al., Catalysts, 10, 908 (2020).
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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. Norihiro Tokitoh (ICR, University
of Kyoto) but due to Covid-19 travel restrictions the planned exchange of 2 PhD students (from
Bonn) and 1 PhD student (from Japan) could not be persued. Despite this problem we have

continued our efforts on a smaller level in Germany to advance the project.

Objectives: The purpose of the project is to develop novel chemistry using anionic FLPs,
featuring group 14/15 elements with an anionic phosphorus as Lewis base and a group 14
element (E = C-Pb) in tetravalent coordination with E-halogeno functionality, in small molecule
activation.
Experimental methods: Inert-gas synthesis techniques, analytical methods (NMR, IR, UV/vis,
CV, X-ray)

Experimental results: The studies focused on 1) synthesis of new crypto-FLPs containing and

(CO)W, _CH(SiMe;);  (copw_cph, Si(Me)Cl. (1a) and SiCls
[K(12-CI"OWn-4)2]® Q \O_Si<Me H/P\O—Li(12-crown-4) (lb) (nOt ShOWn) LA
|
1a ci Cl 2

centers and ii) syn-thesis
of a new precursor (2) bearing a P-CPhs group that should enable to access products with a
greater tendency to crystallize.

Discussion: Synthesis of 1a,b was achieved, but crystals couldn’t be obtained, unfortunately.
Also no further studies on the reactivity of 1a,b were performed. In case of 2, we also arrived
there recently via the multistep route shown in the scheme. Here, we could confirm the structure

of the precursor (of 2). ©

(CO)sW, ,CPhs (CO)sW,__,CPhy (CO)sW, ,CPhy '“‘*"> A
RN —_— P\ _— P\ )/’\"". )‘i b
cl” i — 4y 0-C—Me — 7 O-Li(12-crown-4) Y]
o) 2 I ol

Depending on the progress of our reactivity studies using the new FLPs (1a,b, and those derived

from 2) we still plan to expand our synthetic approach by using SiBr, containing FLP derivatives.

Publication: R. Kunzmann, Y. Omatsu, G. Schnakenburg, A. Espinosa Ferao, T. Yanagisawa, N.
Tokitoh, R. Streubel, A synthon for unknown I,3-zwitterions? — A K/OR phosphinidenoid
complex with an additional Si-Cl function, Chem. Commun. 2020, 56, 3899-3902. DOI:
10.1039/d0cc00024h.
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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. High pressure synthesis techniques are one of most
important methods in preparation of such novel materials. The previous supported project has
successfully demonstrated the unique ability to prepare novel materials with high-pressure
synthesis, and this project proposes to continue the utilization of such unique techniques for

novel materials exploration. It is targeted to design and investigate, for instance, compounds

containing unusual high valence state or showing exotic structural/charge/orbital/spin phase

transitions. With the 6-8 two-stage Kawai-type 111 geometry and cubic anvil DIA-type high-
pressure apparatus equipped at Advanced Solid State Chemistry Laboratory (Shimakawa lab),
extreme pressure and temperature synthesis conditions were realized for novel materials

synthesis.

[Results and discussion] The joint research became difficult under the situation of pandemic in
year 2020. Nevertheless, various projects were carried out with utilizing the unique high-pressure
apparatus at Prof. Shimakawa’s lab, and high resolution synchrotron x-ray powder diffraction
experiment were performed at Taiwan Photon Source, NSRRC (Taiwan) with beamline joint
research proposal. For compounds containing unusual high valence state, successive complex
site-selective charge-redistribution transitions were revealed in hexagonal 12-layered BaFeOs
perovskite.[1] Li-hydroxide halides with antiperovskite structure LiBr(Li2OHBr)2 was prepared
with solid state reaction, and it was shown that the Li" ions primarily contribute in two-
dimensional ion conduction.[2] In order to further understand the intriguing structural phase
transitions observed in HgMn7O12 quadruple perovskite,[3] e/h" doping effect and chemical
pressure effect were investigated with introducing Mootaes Ml Moo HaosCon

various cation into A site (Fig. 1). Apparent change

w
=
3

of the LT structure and transition temperature were

Temperature / K

200

observed and detailed structure analysis is ongoing

to understand the origin of the modification. 8 19 18 1 o1 1

2 theta / deg.

Fig. 1 T-dependent SXRD patterns of the doped

[References] quadruple perovskite (Hg.41.,)Mn70O1,.

1. Z.Tan et. al., Phys. Rev. B, 102, 054404 (2020)
2. A.Koedtruad et. al., RSC Adv., 10, 41816 (2020)
3. W.-T. Chen et. al., Phys. Rev. B, 97, 144102 (2018)
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Development of unsymmetrical w-electron systems of heavier main group
elements and elucidation of their property

Takeaki Iwamoto Tohoku University

Objectives: n-Electron systems containing multiple bonds of heavier main group elements have
been studied as prospects for advanced materials and reagents for small molecule activation. 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 n-electron systems.
Experimental methods: To synthesize the unsymmetrical n-electron systems R2Si=AIR', we
investigated the preparation of the corresponding precursor containing an Si—Al bond using the
reaction of cyclic (alkyl)(amino) silylene 1 with halogenated alanes.

Experimental Results and Discussion: We prepared a series of trihaloalanes coordinated by
silylene 1 (2a-2c¢), all of which were fully characterized by a combination of NMR spectroscopy,
elemental analysis, and X-ray single-crystal diffraction (XRD) analysis. Notably, in the presence
of an excess amount of 1 for the reaction of All3, we obtained a 2:1 adduct 3¢ as colorless crystals.
Compound 3 is a product resulting from the formal insertion of silylene 1 into the Al-I bond of
2c¢. 3 is stable only in the solid state and dissociates into 2¢ and 1 in solution, indicating that the
reaction of 1 and 2c¢ is reversible. During the investigation of the reactions of 2a-2¢ with various
bulky nucleophiles to introduce a protecting group for an Si=Al bond, we obtained
diphenylamino-substituted silylalanes 4b and 4c¢. Although the reductive dehalogenation of 4b
and 4c¢ by the reducing agent such as KCs, Na, etc. provided essentially a complex mixture, the
reaction of 4¢ with unsolvated (Me3Si)3SiK provided a product assignable to Sc. Although the
mechanism for the formation of 5¢ remains unclear at this time, unsolvated silyl anion may be a
suitable reagent for the dehalogenation reaction of the silylhaloalane precursors to provide the

desired Si=Al species.

MesSi. SiMe R
’ ’ Li- H  NPh,
sit R,Si—AlXs RpSi{ SRy,  R,Si—AlXy(NPhy)  R,Si—Al
N \|+ Si(SiMe3)s
Ad
1 X =Cl (2a), 3c X =Br (4b), | (4c) 5¢c
(= R,Si) Br (2b), | (2¢)

This project was done in collaboration with Professor Norihiro Tokitoh (ICR Partner
Researcher) and Professor Shigeyoshi Inoue (International Collaborating Researcher, Technical

University of Miinchen, Germany).
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Optical control of high-order harmonic generation from solids

Shunsuke Sato University of Tsukuba

Objectives

High-order harmonic generation (HHG) is an extreme photon-up-conversion process via
extremely-nonlinear light-matter interactions. Thanks to the high coherence of the HHG process
in gas-phase targets, a technology of ultra-short laser generation has been established. Recently,
HHG from solid-state materials has been observed, and it has been gathering much interest as a
promising candidate for novel light sources beyond the gas-phase HHG. However, the
microscopic mechanism of the solid-state HHG is still highly controversial. In this research, we
aim (i) to clarify the microscopic mechanism of the solid-state HHG and (ii) to establish a
procedure to optimally-control HHG through optimization of driving laser fields, together with

the partner ICR researchers Prof. Kanemitsu and Dr. Hirori.

Theoretical results 2th order

To obtain microscopic insight into the HHG, we
simulated the electron dynamics in graphene under
elliptically-polarized light with the quantum master

equation. Figure 1 shows the computed intensity of the

Harmonic intensity (normalized)

7th order harmonics from graphene as a function of the

0 0.2 0.4 0.6 0.8 1

ellipticity of the driving laser fields. As seen from the Ellipticit

figure, the HHG can be enhanced by elliptically polarized Fig. 1 The 7th-order harmonic
light. Based on the microscopic analysis, we clarified that  jntensity from graphene as a function
the enhancement of the HHG with elliptically-polarized  of light ellipticity.

light originates from the complex interplay among the

field-induced intraband and interband transitions.

Discussion

Having clarified the microscopic mechanism of the HHG in solids based on the interplay of
intraband and interband transitions, we further developed a way to control the HHG by
manipulating the interplay through the laser parameter optimization, e.g., the relative phase
control of two-color lasers. The experiment-theory joint project along these lines is already under

a way.

Outcome

Shunsuke A. Sato, Hideki Hirori, Yasuyuki Sanari, Yoshihiko Kanemitsu, Angel Rubio, "High-
order harmonic generation in graphene: Nonlinear coupling of intraband and interband
transitions", Phys. Rev. B 103, L041408 (2021).
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Iron-catalyzed C-H borylation

Alakananda Hajra Visva-Bharati University

Objective: Fe-catalyzed sp2-C-H Borylation of  alkenes and
Imidazo[1,2-a]pyridines

Imidazopyridine, an important class of nitrogen containing heterocycles,
shows a wide range of biological activities such as antitumor, antiparasitic, antiviral,
antimicrobial, fungicidal, anti-inflammatory, hypnotic etc. In addition, this motif is
the core structure of some marketed drugs such as necopidem, zolpidem, olprinone,
saripidem, zolimidine, alpidem, etc. Furthermore, few of them exhibit excited-state
intramolecular proton transfer. Organoboron reagents are important synthetic
intermediates that have a key role in the construction of natural products,
pharmaceuticals and organic materials. The development of simpler approaches to
organoborons can open additional routes to diverse substances.

An efficient and practical borylation protocol has been developed for the

synthesis of borylated imidazo[ 1,2-a]pyridines via cost-effective and environmentally
benign Fe-catalyzed C-H functionalization. A library of C3-borylated

imidazo[1,2-a]pyridines were synthesized.

Fe(ll), Bopin, CKN
> Ar
f Visible light S N\%

Bpin

Presently we are focusing on the precise role of FeCls and visible light, and late
stage modification of the compound. To the best of our knowledge this is the first
report for the synthesis of borylated imidazo[1,2-a]pyridines. Easy availability of
basic chemicals as starting materials, less expensive metal catalyst tolerance of a
wide range of functional groups, operational simplicity and practical applicability

on a gram-scale are the notable advantages of this present protocol.
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Electrochemically engineered peptide based organic-inorganic nanohybrids
for electrocatalytic conversion of biomass into value added chemicals

Apurba K. Das Indian Institute of Technology Indore

The large-scale use of urea in the environment as a key ingredient of fertilizers and bio-waste
results in environmental pollution. The urea oxidation reaction (UOR) is an effective way to
clean urea rich wastewater with the production of hydrogen.

Objectives: The main aims of this project proposal are:

(a) Design and develop electrochemically engineered peptide-anchored electrocatalyst

(b) Experimental validation of electrocatalytic biomass conversion to value added chemicals
(c¢) To study the mechanistic insights for electrocatalytic biomass conversion

Experimental Methods: An aromatic benzo[2,1,3]selenadiazole-5-carbonyl protected
dipeptide BSeFL (BSe = benzoselenadiazole) suitable for electrodeposition method has been
synthesized, purified and characterized. The electrochemical deposition of the BSeFL/Ni(OH)2
electrocatalyst on carbon paper (CP) was carried out by the pulse-electrodeposition technique.
Experimental Results: In this study, simultaneous pulses of oxidation potential and reduction
potential were applied to prepare the electrocatalyst. The BSeFL/Ni(OH). was pulse
electrodeposited at different reduction potentials. The SAED and XRD pattern confirmed the
amorphous nature of nanosheets. The EDS and XPS analysis revels uniform distribution of Ni,
C, O, Se and N over cross-linked nanosheets of organic-inorganic nanohybrids. The catalytic
urea electro-oxidation activity of the pulse electrodeposited BSeFL/Ni(OH): (-1.0 V)
electrocatalyst was evaluated using the three-electrode cell. The LSV curves were recorded in 1
M KOH solution containing 0.5 M urea at a scan rate of 2 mV s”'. Gas chromatography
analysis was employed to identify the gaseous product during the electrochemical UOR

process. The gas chromatogram of the UOR process shows the evolution of Oz and Na.

Discussion: The Ni?* ions present in the deposition bath interact with OH" ions and carboxylate of

BSeFL present on the electrode substrate surface by coulombic interactions which results in the

simultaneous deposition of BSeFL/Ni(OH)2. At a lower pH gradient and low reduction potential

of -1.0 V, pulse-electrodeposition provides a denser film of electrically interconnected

nanospheres with low charge transfer resistance for efficient electrocatalytic OER and UOR

activity.
Publications: Jadhav R. G., Das A. K., Pulsed electrodeposited, morphology controlled

organic-inorganic nanohybrids as bifunctional electrocatalyst for urea oxidation, Nanoscale,

2020, 12, 23596-23606.
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Iron-catalyzed enantioselective carbometalation and ring-opening
reactions of oxabicycloalkenes and other related substrates and
mechanistic consideration

Laksmikanta Adak Indian Institute of Engineering Science and Technology

Introduction:

The transition-metal-catalyzed carbometalation of alkenes has attracted considerable interest among
synthetic organic chemists, as it offers a useful pathway for the efficient and selective construction of
carbon-carbon bonds. Because of the importance of asymmetric reaction for the synthesis of
pharmaceuticals and natural products, significant efforts have been made to develop catalytic
enantioselective carbometalation reactions of olefins. Palladium, rhodium, copper, and iridium-
catalyzed (Acc. Chem. Res. 2003, 36, 48; Angew. Chem. Int. Ed. 2012, 51, 5400; Org. Lett. 2002, 4, 2703;
Chem. Commun. 2013, 49, 9959) asymmetric transformations of oxa- and azabicyclic alkenes have been
extensively studied, where enantioposition-selective addition of oxygen, nitrogen, and carbon
nucleophiles brings about subsequent ring-opening reactions provide access to enantioenriched
compounds bearing multiple stereocenters. Only one example was found for the catalytic asymmetric
addition of terminal alkynes to oxabenzonorbornadienes without the ring opening, which was
achieved by use of a chiral phosphine-cobalt catalyst system (Chem. Commun. 2012, 48, 6106).

Although the use of iron catalysts in organic synthesis are attracting increased attention due to its
economic and ecological points, but there application in enantioselective carbometalation has been
limited to only highly strained cyclopropene derivatives (J. Am. Chem. Soc. 2000, 122, 978). Nakamura
and his group previously reported the iron-catalyzed diastereoselective ring opening of oxabicyclic
alkenes with Grignard reagents (Org. Lett. 2003, 5, 1373) and also the highly diastereoselective
carbometalation of oxa- and azabicyclic alkenes with arylzinc reagents in which zinc reagents are
used to trap carbometallated products prior to ring opening (4ngew. Chem. Int. Ed. 2011, 50, 454). With
collaboration of Prof. Nakamura’s group we developed iron-catalyzed enantioselective
carbometalation and asymmetric ring opening reactions of oxabicyclic alkenes using a single catalyst
system (Scheme 1).

Scheme 1. Iron-Catalyzed Enantioselective Carbometalation and Ring-opening of Oxabicyclic

Alkenes
RN Ar
Ar,Zn-2MgBrCI (1.5 equiv) % {\\ ,@’
FeClj (2 mol %) 0°C Carl;ometalation product

/’”‘ (S,S)-Chiraphos (4 mol %) /“‘@A’
L - — OH
et THF/toluene (1/4) Nt ZnX 1, 20 h A
0°C,3h then RS r
ACOH/MeOH  *__.:

Ring-opening product

Results and Discussion:

The screening of reaction conditions for iron-catalyzed enantioselective carbozincation of
oxabicyclic alkene with phenylzinc reagent were performed. Various chiral ligands and metal salts
were used for the screening and optimization of reaction condition. Finally, it was found that 2 mol%
FeCl3 and 4 mol% (S,S)-Chiraphos provided the best result for the enantioselective carbometalation
reaction.

Next Plan:

(1) Based on the optimization of reaction conditions, the substrates scope for enantioselective
carbometalation reactions will be performed

(2) Substrates scope for the ring opening products will be done

Publications:

(1) Adak, L.; Hatakeyama, T.; Nakamura, M. Iron-Catalyzed Cross-Coupling Reactions Tuned
by Bulky ortho-Phenylene Bisphosphine Ligands, Bull. Chem. Soc. Jpn. 2021, 94, 1125-1141.
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Study on the stability of novel ternary nanoparticles by doping 3" elements
Yasutomi Tatetsu Meio University

Many scientists have been investigating the possibility of creating novel materials by introducing third
elements into stable binary nanoparticles with advanced chemical synthesis techniques that might increase the
system’s magnetic properties due to the change of its crystal structure. Recently, a new Z3-type Fe(Pd,In)3
crystal structure was discovered by Teranishi’s group in Kyoto University [1]. The new structure was
synthesized by introducing a third element of In into L1,-FePds, which is the thermodynamically stable phase
of binary Fe—Pd systems. Although the addition of In might be the key behind this new finding, the physical
aspects of In in stabilizing the new structure is unclear and cannot be understood deeply only through
experiments.

In this report, we conducted theoretical analyses for the stability of an In-doped novel Fe—Pd phase. We
calculated formation energies of In-doped L1,- and Z3-Fe—Pd systems using first-principles calculation code,
OpenMX [2], and compared the obtained energies in order to check the systems’ stability against the
concentration of In. The model structures for the calculations were based on the chemical composition ratio
of Z3-FePd; obtained from experiments. The In sites were chosen by replacing Fe or Pd sites with a special-
quasirandom-structure method implemented in the Alloy Theoretic Automate Toolkit [3]. We investigated
stable sites for In in the L1,- and Z3-FePds structures by comparing formation energies and we found that an
In stably is substituted for Fe and Pd at the e sites respectively. One of the interesting findings is that the most
stable structure changes from L1,-(Fe, In)Pd; to Z3-Fe(Pd, In); when the concentration of In is around 20 %
which is illustrated in the figure below. Same tendency can be seen in the experimental results from XRD,

EXAFS, and STEM-EDS analyses. This indicates that the new nanoparticles with the Z3-type crystal structure,

i i i 0 ‘ ‘
in which In atoms replace Pd atoms at the e sites, can O

Fesitein L1, ——
be stably synthesized in a narrow range of In

. . -0.0054
concentrations. Further theoretical analyses are needed

for deeper understanding of how the magnetic
001}
properties are affected by the In concentration in Z3-

Egorm (€V/atom)

type Fe(Pd,In)s. ~0.015 |

[1] K. Matsumoto, R. Sato, Y. Tatetsu, T. Teranishi, et

al., submitted. ~0.02

1 2 3 4 s 6
[2] http://www.openmx-square.org The number of In in a system

[3] A. van de Walle ef al., Calphad Journal 42, 13  Figure: Formation energies for L1>-(Fe, In)Pd; and
(2013). Z3-Fe(Pd, In); depending on the concentration of In.
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1. Purpose of research

In this research program, we develop an ultrafast intense light source in the middle-infrared region of the
spectrum for researches on the generation of efficient high harmonics in metal-halide perovskites supplied
from the host laboratory of Prof. Kanemitsu.

2. Experimental method

The middle-infrared light source has been developed based on frequency-down-conversion in optical
parametric amplification using the output pulses (center wavelength: 1030 nm, pulse energy: 2 ml, pulse
duration: 190 fs, pulse repetition rate: 10 kHz) from an ultrafast ytterbium-doped Potassium-Gadolinium
Tungstate (Yb KGW) regenerative amplifier as pump pulses. The system layout is depicted in Fig. 1. A part
of the output pulses from the Yb KGW laser is spectrally broadened to generate intra-pulse difference
frequency pulses as seed pulses for successive parametric amplifiers. The generated seed pulses around a
wavelength of 3100 nm are amplified in the first optical parametric amplification stage that consists of a 4-
mm-thick KTiOAsOj4 crystal pumped by 180-pJ pulses at 1030 nm. The amplified middle-infrared pulses in
the first optical parametric amplification stage is further amplified in the second optical parametric

amplification stage up to 80 uJ per pulse around 3100 nm.

f=750

BS (1) 54,y HWP Pol {\ 1 mm 2 mm
Yb:KGW = E Q\) i GTI mirror
18m | BIsT
/Mirror XY 5
7 N7
BS (9:1) Concave mirror = =
‘ > =t f=75Gge opa1  f=500 OPA2 MR
0.18 mJl e
i I KTA CaF, KTA CaF, KTA
""""" RN ml
11 62 mJ\ o N

----------------

Figure 1. System layout of the middle infrared light source

3. Discussion
An output pulse energy of 80 pJ is limited up to approximately a repetition rate of 3 - 5 kHz. A further
upgrade of the repetition rate towards 10 kHz is under way with an expected completion until the end of this

fiscal year. The research results will be summarized as a publication in a scientific journal.
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X. Li, T. Kato, Y. Nakamura, S. Yamago, The Effect of Viscosity on the Coupling and Hydrogen-Abstraction

Reaction between Transient and Persistent Radicals, Bull. Chem. Soc. Jpn. in press.
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Development of dinuclear nickel complexes based on a monoanionic
tridentate pincer-type 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(I1l) complexes utilizing a combination of f3-
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 or allylic ethers
with arylmagnesium reagents (Dalton Trans. 2018, 47,

8003.; Eur. J. Inorg. Chem. 2019, 126.; Molecules 2019, ﬁ? /ﬁ\l ﬁf@:ﬁlg
24, 2296.). We have focused our attention on catalytic —Ni—Cl N=Ni—Cl  N—Ni—Cl N'_
transformations promoted by well-defined these nickel(IT) LPF’"@ LNEtz LPth NEtz
complexes. Ni-ONP Ni-ONN Ni-NNP Ni-NNN

Organoboronic acids and esters represent versatile synthetic intermediates in modern organic synthesis,
particularly in cross-coupling reactions. Therefore, synthetic routes to organoboron compounds have been
extensively explored. We were interested in developing the hydroboration reaction of vinylarenes using our
nickel(Il) complexes as catalysts. We found that -aminoketonato-based O, N, P-coordinate tridentate pincer-
type nickel(Il) complex, Ni-ONP, shows high catalytic activity for the hydroboration of vinylarenes with

bis(pinacolate)diboron (B,Pin) in the presence
P ( ) P Ni-ONP (5 mol%) H

of KOACc as a base. These reactions proceeded j: . :t KOAG (2.5 equiv) O\B,O
X+ -

toluene/MeOH H

Ar
conditions and afforded the corresponding (2.0 equiv) 25°C, 24h up to 99% yield

Markovnikov-selective

in a regioselective manner under mild Ar

Markovnikov products in high yield [1].

Alkyl aryl ethers are fundamental structural units for natural products, medicinal compounds and so on.
Various synthetic methods have been developed for the preparation of alkyl aryl ethers. Transition-metal-
catalyzed cross-coupling reactions of aryl halides with aliphatic alcohols are one of the most efficient approach

for the construction of C-O bonds. During the study on the Ni-ONN (5 mol%)
B,Pin, (2.0 equive)

hydroboration reaction as mentioned above, we found that the KO'Bu (3.0 equiv)

. . . . — Ar—OR
O,N,N-coordinate nickel(II) complex, Ni-ONN, shows high Ar ;((-+I F;?H toluene, 60 °C. 24 h rt ;)6/
=1 up to 86%

catalytic activity for the cross-coupling of aryl halides with R=1°,2° alkyl

primary and secondary aliphatic alcohols in the presence of B,Pin; and KO'Bu as a base [2].
Further investigations on the application to catalytic reactions and the modification of the ligand framework

to construct dinuclear complexes are currently underway in our laboratory.

[1] Hashimoto, T.; Shiota, K.; Yamaguchi Y. “Selective Synthesis of Secondary Alkylboronates: Markovnikov-
Selective Hydroboration of Vinylarenes with Bis(pinacolato)diboron Catalyzed by a Nickel Pincer Complex”,
Org. Lett. 2020, 22, 4033.

[2] Hashimoto, T.; Shiota, K.; Funatsu, K.; Yamaguchi Y. “Cross-Coupling Reactions of Aryl Halides with
Primary and Secondary Aliphatic Alcohols Catalyzed by an O, N, N-Coordinated Nickel Complex”, Adv. Synth.
Catal. 2021, 10.1002/adsc.202001346.
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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, organosilicon compounds with an Si(II) center, are known to be easily
oxidized under ambient conditions, suggesting their possible ability of working as effecting
oxidation scavengers. Isolable stable silylenes remain scarce, and in most hitherto reported
examples, the silicon center is stabilized by electron-donating substituents (e.g., heteroatoms
such as nitrogen), which results in electronic perturbation. In order to avoid such electronic
perturbation, we have been interested in the chemistry of redox-active silylenes with
carbon-based substituents such as ferrocenyl groups. Due to the presence of a divalent silicon
center and the redox-active transition metal iron, ferrocenylsilylenes can be expected to work
as an active oxidation scavenger. In this research project, we have successfully synthesized
bis(ferrocenyl)siliranes as a precursor for a bis(ferrocenyl)silylene, which could be a bottleable
precursor for the bis(ferrocenyl)silylene under mild conditions. We are grateful to Prof.

. . generation of bis(ferrocenyl)silylene
Wakamiya (ICR, Kyoto Univ.), Prof.

F@ F@

Yoshida (Nagoya Univ.), Prof. =z G =4

. . Dtp Si Dtp Si:
Mitsudo (Okayama Univ.), and Prof. ?‘Dm Under mild conditions F@—Dtp

e e
Tsuchiya (Kitasato Univ.) for their =7 _ @
. siliranes bis(ferrocenyl)silylene

support on the research, and fruitful  botteanle precursor” Dtp = 3.5-di-t-butylphenyl

. . for a bis(ferrocenyl)silylene
discussions.

1. Nakamura, T.; Yakumaru, S.; Truong, M. A.; Kim, K.; Liu, J.; Hu, S.; Otsuka, K.;
Hashimoto, R.; Murdey, R.; Sasamori, T.; Kim, H. D.; Ohkita, H.; Handa, T.; Kanemitsu,
Y.; Wakamiya, A. Nature Communications 2020, 11, 3008.

2. Pan, Y.; Morisako, S.; Aoyagi, S.; Sasamori, T. Molecules 2020, 25, 5917.
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A study on statistical machine learning
for efficient graph structured data analysis

Masayuki Karasuyama Nagoya Institute of Technology

For a variety of scientific fields such as biology, chemistry, and materials science, effective
methodologies for analyzing their complicated data are strongly demanded. In particular, we
focus on a graph-based representation, which enables us to handle data with interactions
among each one of objects [1]. For example, a chemical compound is often represented as a
graph in which an atom is a graph-vertex and a chemical bond is a graph-edge. Although graph
is a versatile tool for data representation, analyzing its statistical property is usually difficult
because of its combinatorial nature. In this study, we consider developing statistical machine
learning methods for efficiently analyzing graph structured data by combining several
techniques from data-mining, machine learning, and numerical optimization. For this
inter-disciplinary topic, we have worked with the researchers including prof. Mamitsuka in the

bio-knowledge engineering research laboratory of ICR.

We mainly focus on a task that statistically predicts a property associated with a given graph.
For instance, predicting toxicity of a compound is a well-known example in this type of
problems. We construct an algorithm that identifies sub-structures of the graph strongly
contributing to the target property [2], which can provide insight about the underlying
correlation structure. However, naive calculation is computationally infeasible because the
number of possible sub-structures are usually extremely large. To overcome this difficulty, we
extend a feature selection algorithm called Least Absolute Shrinkage and Selection Operator
(LASSO), which has been widely used in statistical data analysis. LASSO is a linear model in
which a small number of important features can be automatically detected through sparsity
inducing penalty on the parameters. In our problem setting, the features are all the possible
sub-graphs, and thus, can be intractable even just to enumerate. We propose an optimization
algorithm that efficiently prunes unnecessary sub-graphs in the graph mining tree. Our pruning
criterion is based on the optimality conditions from the numerical optimization problem of the
LASSO penalty-based sub-graph selection model, by which the optimality of the result can be
guaranteed. Effectiveness of the proposed approach in terms of computational efficiency and

prediction accuracy is demonstrated by using several graph benchmark datasets.

[1] M. Karasuyama, and H. Mamitsuka, Factor Analysis on a Graph, Proceedings of the 21th
International Conference on Artificial Intelligence and Statistics, vol.84, pp.1117-1126, 2018.
[2] T. Yoshida, I. Takeuchi, and M. Karasuyama, Distance Metric Learning for Graph
Structured Data, arXiv, 2002.00727, 2020.
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Integrating omics data and module-based network with deep learning to
develop cancer type predictive models

Jinn-Moon Yang National Chiao Tung University

Objective: Classification of cancer types has been a major topic in biomedicine and
bioinformatics. To classify cancer types, various machine learning approaches have been
developed to better analyze mRNA expression data and improve the classification accuracy.
However, current studies focus on dealing with unbalanced data, but not emphasize on
exploring mechanism across multiple cancer types. A crucial step toward understanding
cellular systems properties is to analyze the topology of biological networks and biochemical
progress in cells. To construct the protein-protein interaction (PPI) network as completely as
possible, genome-scale interaction discovery approaches, such as high-throughput yeast
two-hybrid screening and co-affinity purification, have been proposed. However, current
approaches are not satisfactory for the integrated analysis of mRNA expression data, PPI data,

and other omics data. Therefore, we need to develop more flexible and accurate methods.

Results. In this year, we have done the following two studies as sub-projects. (1) Identification
of active sites for small molecules. Identifying active sites of ligands for kinase proteins might
lead to development of novel drugs for such difficult diseases as cancer. Therefore, we have
been developing a novel method for the purpose, using graph convolutional networks.
Currently, we are evaluating our developed method using several data sets and trying to
improve it. (2) Prediction of human dicer cleavage sites. It is reported that miRNAs are related
to different types of cancers such as lung, breast, and thyroid cancers. Understanding how dicer
(enzyme) specifically selects cleavage sites may be useful to interpret the effects of mutations
in miRNA coding genes. Therefore, several computational methods have been developed for
predicting dicer cleavage sites. In this study, we developed a novel method, ReCGBM, by
combining (i) new relational features to combine each sequence and its complementary strand,
(i1) class features obtained via affinity propagation, and (iii) gradient boosting machine (a
machine learning method). The results using benchmark data sets suggest that ReCGBM is an

accurate and interpretable predictor.
Publication.

P. Liu, J. Song, C-Y, Lin, T. Akutsu: ReCGBM: a gradient boosting-based method for
predicting human dicer cleavage sites, BMC Bioinformatics, vol. 22, paper ID. 63, 2021.
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Next-generation bioinformatics approaches for the accurate identification of
protease-specific substrate cleavage sites

Jiangning Song Monash University
In collaboration with Prof Tatsuya Akutsu and his research group at the Bioinformatics Center, we
have carried out research activities, which are briefly summarized as follows:
Objectives:
Understanding of the mechanisms of regulation of proteolysis by proteases is very important for
elucidation of cellular processes. The key to this understanding is to identify the complete
repertoire of specific substrates that each protease targets.
Experimental methods:
We design the Procleave methodology to enhance protease substrate cleavage site prediction by
incorporating 3D structural features of substrate cleavage segments. Procleave uses the data
curated from the MEROPS database and maps substrate sequences to PDB structures by
performing BLAST search, thereby generating an extensive 3D structural substrate dataset. Multi-
faceted sequence and structural features are then extracted, which are further integrated into a
conditional random field algorithm with a data-smoothing strategy to train prediction models.
Experimental results and discussions:
We also assessed the performance of Procleave with several state-of-the-art approaches. The
comparison results demonstrate that Procleave outperforms these methods, and the LOWESS
smoothing optimization is critical to the performance of Procleave. A user-friendly webserver of
Procleave is available as an implementation of the proposed approach. All predicted cleavage sites
of the human proteome with structure data are provided for protease biology research. This work
was published in the top journal Genomics, Proteomics & Bioinformatics in February 2020.
Publications:

[1] Li F, Leier A, Liu Q, Wang Y, Xiang D, Akutsu T, Webb GI, Smith Al, Marquez-Lago T, Li J,
Song J: Procleave: Predicting Protease-specific Substrate Cleavage Sites by Combining Sequence
and Structural Information. Genomics Proteomics Bioinformatics. 18(1):52-64 (2020)

[2] Mei S, ..., Akutsu T, ..., Song J. A comprehensive review and performance evaluation of

bioinformatics tools for HLA class I peptide-binding prediction. Briefings in Bioinformatics
21(4):1119-1135 (2020)

[3] Chen Z, ..., Akutsu T, Webb GI, ..., Song J. iLearn: an integrated platform and meta-learner for
feature engineering, machine-learning analysis and modeling of DNA, RNA and protein sequence
data. Briefings in Bioinformatics 21(3):1047-1057 (2020)

[4] J Zhu Y, Li F, Xiang D, Akutsu T, Song J, Jia C. Computational identification of eukaryotic
promoters based on cascaded deep capsule neural networks. Briefings in Bioinformatics, doi:
10.1093/bib/bbaa299 (2020)
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Revealing associations between giant viruses and eukaryotes in the global
ocean through community networks inference and mining

Samuel Chaffron CNRS UMR6004

Nucleocytoplasmic DNA viruses (NCLDVs) are a monophyletic group of eukaryotic viruses that are
highly diverse and abundant in marine environments. NCLDVs are known to infect a broad range of
eukaryotes, from unicellular eukaryotes to animals. However, the knowledge of their hosts is largely
unknown. The number of viruses and hosts isolated in the laboratory represents a very small fraction of
existing interactions in the ocean. Therefore, more consideration should be put into cultivation-independent
approaches. In our collaborative project, taking advantage of the recent Tara Oceans large-scale marine
metagenomics census, we used in silico network-based host prediction approaches to fill the gap and further
expand our knowledge of the unknown viral world.

First, we built co-occurrence networks of NCLDVs and eukaryotic taxa to predict virus-host
interactions using 7ara Oceans sequencing data (1). In total, 47,978 NCLDV-eukaryote associations were
inferred using FlashWeave, an efficient probabilistic learning algorithm for network inference. Then, we
applied a LR+ (positive likelihood ratio) based strategy to assess the accuracy of NCLDV host prediction
from these co-occurrence networks. For the first time, we demonstrated that the prediction of
NCLDV-eukaryote relationships based on co-occurrence networks is four times better than random
expectation. To further improve the performance of co-occurrence-based predictions and extract meaningful
pairs from high-dimensional co-occurrence networks, we developed a phylogeny-informed filtering method,
Taxon Interaction Mapper (TIM). We showed it further improved the host prediction of NCLDVs, and lead
to a more concise list of candidate host lineages for three NCLDV families, which can be used to generate
novel hypotheses to be tested in future experimental studies.

Moreover, using network-based host predictions combined with TIM-based refinement, we
demonstrated that viruses explaining a large fraction of the variation of CEE (carbon export efficiency) may
infect hosts that are important in marine ecosystems, such as chlorophytes, haptophytes, diatoms, and
copepods. These findings imply that viral shunt and shuttle processes could depend on viral host interactions
(2). We also used the co-occurrence network approach to predict the associations between NCLDVs and
virophage, known as NCLDVs’ “parasites”. The virophage-NCLDV associations further supported our
previous statement that co-occurrence networks inference and related analysis are appropriate for

investigating NCLDVs involved interactions in marine metagenomic data.

Publications:

[1] Meng L, Endo H, Blanc-Mathieu R, Chaffron S, Hernandez-Velazquez R, Kaneko H, Ogata H. 2020. Quantitative
assessment of NCLDV-host interactions predicted by co-occurrence analyses. bioRxiv
doi.org/10.1101/2020.10.16.342030

[2] Kaneko H, Blanc-Mathieu R, Endo H, Chaffron S, Delmont TO, Gaia M, Henry N, Hernandez-Velazquez R,
Nguyen CH, Mamitsuka H, Forterre P, Jaillon O, De Vargas C, Sullivan MB, Suttle CA, Guidi L, Ogata H. 2021.

Eukaryotic virus composition can predict the efficiency of carbon export in the global ocean. iScience 29;24(1):102002.
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Unveiling the genomic contents of ecologically important
marine giant viruses

Tom O. Delmont CNRS UMRS&030

Objectives. Nucleocytplasmic large DNA viruses (NCLDVs) possess complex genomes and
large particles. The PI has been constructing metagenome assembled genomes (MAGs) of
NCLDVs based on 7ara Oceans metagenomic data. Using this new resource, PI’s group worked
with the ICR partner lab (Hiroyuki Ogata’s lab) to investigate various issues around uncultured
marine NCLDVs, including their phylogenetic diversity, genomic features, infection strategies,
biogeography, possible hosts and deep evolution.

Methods. NCLDV MAGs were generated from 7ara Oceans metagenomes. MAGs were built
using CONCOCT, HUMMER and the bioinformatics platform anvi’o.

Results. 745 NCLDV MAGs (average size 283 kb, ranging 101 kb to 1.4Mb) were generated.
First, we identified 1038 protein domains in the NCLDV MAGs that have been previously
unidentified in isolated viruses. These included myosin domains. These myosin genes were
scattered in the phylogeny of NCLDVs but formed a monophyletic group when analyzed with
homologs from various eukaryotes. Second, we used the MAGs to predict the hosts for the
NCLDVs that were identified as important predictors of the biological carbon pump in the oceans
(Kaneko et al., 2021). Third, we are currently performing a systematic study to investigate the
relationships between NCLDV MAGs and their eukaryotic hosts using the co-occurrence based
the FlashWeave and Taxon Interaction Mapper (TIM) software.

Discussion

The MAG curation/cleaning is a time-consuming process, but it is nearly the final stage. The
NCLDV MAG resource that PI’s group generated is a valuable resource to address evolutionary
and ecological questions on uncultured marine NCLDVs. This was already in part demonstrated
by the above works that PI’s group performed in collaboration with ICR’s partner laboratory.
Publication

Kaneko H., Blanc-Mathieu R., Endo H., Chaffron S., Delmont T.O., Gaia M., Henry N.,
Hernandez-Velazquez R., Nguyen C.H., Mamitsuka H., Forterre P., Jaillon O., de Vargas C.,
Sullivan M.B., Suttle C.A., Guidi L., Ogata H. Eukaryotic virus composition can predict the
efficiency of carbon export in the global ocean. iScience, 24, 102002 (2021).
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Development of predictive methods for marine microbial communities based
on remote sensing data

Kentaro Tomii National Institute of Advanced Industrial Science and Technology

It is important to realize the real-time monitoring of the global dynamics of marine
microbiome for various aspects such as knowing the function of each species of microorganism,
predicting the changes in the global climate and searching for novel industrial applicable
microorganisms. The main problem to overcome is the low temporal and spatial resolution of
the sampling using research vessels due to the limitation with cost and labor power. Satellite
remote sensing is able to solve this problem because of its automatic, periodic and global sensing.
The information obtained from satellite is the spectrum of reflected light (i.e., ocean color data).
Though it has the information of the sunlight absorption by the pigments harbored in
phytoplankton, a large gap exists between ocean color data and microbial composition. We aim
to fill this gap by developing a method for predicting microbial composition from ocean color
data using state-of-the-art bioinformatics and machine learning technologies.

In the development of the method for predicting microbial composition, global marine
metagenomes of 7ara Oceans are used as a prediction target. We are using following procedure
considering the small number of 7ara Oceans samples. 1) Make a regression model for predicting
microbial composition from pigment data, which has ten times greater number of samples than
Tara Oceans. 2) Pre-train a neural network using ocean color data as input and microbial
composition predicted from pigment data as target. 3) Fine-tune the higher-level layers of pre-
trained network with the target of real microbial composition data (transfer learning). We have
implemented the first step of the procedure and found only the small part of the microbial
community can be predicted from pigment data. This result suggests we will get a method for
predicting relative abundance of some special microorganisms not a whole community when we
finalize the procedure. To overcome this problem, we are exploring other ways to develop a
prediction method, for example by detecting the patterns of microbial composition throughout
the oceanic regions and seasons.

Research achievements
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Control and analysis of complex networks via probabilistic minimum
dominating sets

Jose C. Nacher Toho University

Objective. In recent years, we have been focusing on structural controllability of complex
networks and developing theory and methods based on the minimum dominating set (MDS),
which is a well-known concept in graph theory. In particular, we developed a new concept, the
probabilistic minimum dominating set (PMDS), by extending the MDS for handling weighted
networks in which edges have some weights. In the last year, we developed a novel method for
analyzing metabolic networks by combining PMDS with stoichiometric matrices and
successfully applied to analysis of several cancer-related networks. However, our previous
method for computing PMDS needs considerable computation time and some improvements
are needed. Another major graph theoretic approach to structural controllability is based on
maximum matching on bipartite graphs. In this model (MM model). it is assumed that a single
driver node can send signals to many other nodes (driven nodes). However, such assumption
may not be appropriate for certain kinds of biological networks. Therefore, it is needed to
develop methods for identifying and analyzing driven nodes.

Results. We got the following two results. (1) In order to improve the efficiency of our
previous method for identifying critical/intermittent/redundant nodes in PMDS, we have
developed a novel method which combines some pre-processing procedure and integer linear
programming, where critical, intermittent, and redundant nodes are nodes appearing in every
PMDS, some PMDS, and no PMDS, respectively. In the pre-processing phase, many critical
and redundant nodes are identified using some propositions, and then all kinds of nodes are
identified using integer linear programming [1]. (2) As for the MM model, Pequito et al.
developed a method (IEEE Trans. Automatic Control, 2016) for identifying a set of driven
nodes, using maximum matching for bipartite graphs and strongly connected components of
directed graphs. However, this method cannot identify critical/intermittent/redundant node
categories (under the MM model). Therefore, we developed a novel method to identify
critical/intermittent/redundant nodes using integer linear programming [2].

Presentations (talks only).

[1] E. Yamaguchi, T. Akutsu, J. C. Nacher: Analysis of human brain transcriptomics data across
the lifespan using probabilistic network controllability, 7th International Conference on
Biomedical and Bioinformatics Engineering, 2020.

[2] Y. Shinzawa, T. Akutsu, J. C. Nacher: Identification and analysis of driven nodes to
efficiently control metabolic pathways, 7th International Conference on Biomedical and

Bioinformatics Engineering, 2020.
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Genomics and transcriptomics of giant viruses

Masaharu Takemura Tokyo University of Science

The giant virus is known for its large genome and viral particle size. Based on isolated giant
viruses, | worked with the ICR partner lab (Hiroyuki Ogata’s lab) to investigate the genomic and

transcriptomics of isolated giant viruses.

Transcriptomic study of medusavirus. Meduavirus was isolated from a hot spring in Japan. A
48-hour time-course RNA-seq experiment was done to investigate the expression profile of viral
and host genes. Viral expression profiles were clustered into 5 temporal clusters, which allowed
us to identify the temporal tendency of functional category and subcellular localization of viral
genes across time. Putative promoter motifs that may account for the regulation of viral gene
expression were also predicted. The host transcriptional profile was greatly altered. We identified
suppressed and activated groups during the infection course by doing K-means clustering-based
Gene Ontology analysis and KEGG pathway enrichment analysis. Our study provides an insight

into the transcriptional shift of both medusavirus and its host.

Genomic study of medusavirus stheno. Medusavirus steno, the 2nd member of the proposed
Medusaviridae, was isolated from freshwater sediment samples from the Tatakai River, Uji,
Japan (Yoshida, et al., 2021). Medusavirus stheno has a 362,811 bp contig, which showed a high
similarity with the original medusavirus genome. The isolation of medusavirus stheno in

freshwater indicates a wider habitat of this virus.

Recombination. Recently, we have isolated and assembled 14 new members of the
Marseilleviridae from Niigata and Kyoto prefectures, Japan. This presented the opportunity to
study important genomic interactions between related closely giant viruses. Using a
recombination detection tool, we have detected genome recombination events between these
newly isolated viruses, and with other existing Marseilleviruses with nearly complete to
complete genomes. Several recombination events are found only between giant viruses isolated
in Japan. However, some of these signals are also shared with viruses not isolated in Japan,
suggesting an ancestral recombinant. Our study provides insights on how recombination may be

involved for the evolutionary stability of large genomes of giant viruses.

Publication
Yoshida K, Zhang R, Garcia KG, Endo H, Gotoh Y, Hayashi T, Takemura M, Ogata H. 2021.
Draft Genome Sequence of Medusavirus Stheno, Isolated from the Tatakai River of Uji, Japan.

Microbiol Resour Announc 10:10-12.
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Whole genome analyses of marine bacterivorous heterotrophic
nanoflagellates

Takafumi Kataoka Fukui Prefectural University

Heterotrophic nanoflagellates (HNFs) are known as the main consumers of bacteria in the aquatic
ecosystems. They constitute important members to the microbial food web, which transfers energy and
materials from small organisms to higher trophic levels!. Thus, detailed studies on their diversity, ecology,
and physiological characteristics are needed to better understand the marine biogeochemical cycles.
However, there are only few studies that examined the genomic and ecophysiological aspect of marine
HNFs?.

Recently, I succeeded to isolate several environmental clones of HNFs from a saline lake, Lake Hiruga.
As a result of phylogenetic analysis using 18S rRNA gene, it was suggested that an isolated clone (named
HIYCS) represent a novel independent lineage within the subclass Bicosoecida, a member of heterokonts. To
further understand the detailed phylogeny and potential function of this clone, it is essential to determine the
whole genome sequence and to annotate genes from the genome. In this study, I and the ICR collaborator Dr.
Hisashi Endo made use of the state-of-art long fragment sequencing technology and associated
bioinformatics tools to make a high-quality draft genome of HIYCS.

Genomic DNA was extracted using a proteinase K/PCI method. The average fragment of the extracted
DNA was 48.3 kbp and the quality (DNA Integrity Number, DIN) score measured by the TapeStation
system (Agilent) was 7.6. To generate ultra-long reads from the extracted and purified genomic DNA, the
Oxford Nanopore Technologies MinlON sequencer was used with the library preparation kit SQR-LSK109
and the flow cell R9.4. The raw sequence reads were quality filtered and then assembled using the program
Flye®. As a result, we obtained 221 contigs, which had an N50 of 2.0 Mbp, the total length of 76.8 Mbp, and
the mean coverage of 52.1. A total of 19,053 genes were predicted from these contigs, although these
included genes likely derived from prokaryotes. The genomes completeness was measured with BUSCO and
the result indicated that 87.5% of the single-copy orthologous genes of eukaryotes were recovered in the
assembly. The similarity between known 18S rRNA gene sequence of this clone and the sequences in the
assembly were consistently 99.94% (1,736/1,737 residues). These results indicates that our draft genome is
highly completed and accurate, although additional refinement is needed to exclude contaminations from
other organisms.

References

o Azam, F. et al. (1983) Mar. Ecol. Prog. Ser., 10, 257-263.

e Jiirgens. K. and Massana, R. (2008) Chapter 11, In Microbial ecology of the oceans. Wiley.
e Kolmogorov, M. et al. (2019) Nat. Biotechnol., 37, 540-546.
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Comparative genome analysis of Parmales and diatoms:
Looking for the ancestral genomic feature

Shinya Sato  Fukui Prefectural University

Objectives. The order Parmales is a unicellular eukaryotic phytoplankton with a cell wall made
of silica. Recent studies revealed that palmales are a sister group of diatoms that also have silica
cell wall.

Diatoms are one of the most diverse and successful groups of microalgae sustaining the food
web in the ocean. On the other hand, although parmales are widely distributed in the world’s
oceans from polar to subtropic, their diversity and abundance are extremely low compared to
diatoms. A comparative study of parmales and diatoms has a potential to address several
important issues, such as the physiological characteristics that made differences in ecological
roles between them in the current ocean, the origin of cell walls and their early evolution.
Methods. We newly generated 7 parmales genome assemblies and conducted comparative
genome analyses together with 8 parmales and 5 diatom genomes publicly available.

Results. A comparison of the genetic composition of the diatoms showed that the parmales are
phagocytotic mixotrophs and there was a large gene loss event related to phagocytosis in the
early stages of the diatom lineage. Parmales possess more genes related to lipid-fatty acid
metabolism and storage than diatoms, suggesting the existence of physiological processes unique
to Parmales. Furthermore, parmales have plastocyanin gene that functions in photosystems under
poor iron conditions. These genomic features suggest that parmales are tolerant to oligotrophic
conditions. On the other hand, a comparison of genes involved in nutrient uptake, such as
nitrogen compound transporters and silicate transporters, suggested that diatoms have efficient
nutrient uptake ability. The genomic composition of the diatoms also suggested a high tolerance
to nitrogen depletion, highly regulated cell cycle control processes, and the existence of peculiar
stress response processes. Comparison of genes involved in the formation of silica structures
suggests that diatoms have more complex regulation of structure formation processes than
parmales. These results show that the evolution of these traits supports the adaptation of diatoms

to dynamic environments.
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Light emission from halide perovskites and related materials

Ru-Shi Liu  National Taiwan University

Objectives: Recently, zero-dimensional perovskite nanocrystals (NCs), which have relatively
high thermal stability and narrow luminescence spectral width, are considered to be applied to
light-emitting diodes and displays. The emission mechanism of this new material is under debate,
and thus studying the photoluminescence (PL) properties is quite important in this kind of

research.

Experimental methods: The high-quality Cs4sPbBrs zero-dimensional perovskite NCs, whose
PL quantum yield (PLQY) reached up to 59%, were obtained by tuning the synthesis process of
the hot-injection method. To further explore the emission mechanism of our samples, the time-
resolved PL (TRPL) and transient absorption measurements were conducted by using a streak

camera system and a pump-probe method.

Experimental results: The TRPL decay curves depend on the excitation photon fluences. A fast
decay component appears under strong photoexcitation, and this signal corresponds to the trion
recombination. By analyzing the PL decay curves at long delay times, the exciton lifetime zx of

4.4 ns and the absorption cross-section ¢ of 1.8 x 107'° cm? were obtained.

Discussion: The obtained values of 7x and ¢ are almost the same order as the reported values for
CsPbBr3 NCs. Taking these PL properties and XRD diffraction data into account, we conclude
that the emission of Cs4PbBre NCs originates from very small CsPbBr; NCs embedded in
Cs4PbBrs NCs. The photon fluence dependence of the TRPL spectra also suggests the reduction
of trion formation comparing to the standard CsPbBr3 NCs. The surface passivation of CsPbBr3
NCs can be well improved by CsaPbBrs matrices, and the reduction of trion formation leads to

the enhancement of PLQY.

Publication: Z. Bao, H. D. Chiu, W. Wang, Q. Su, T. Yamada, Y. C. Chang, S. Chen, Y.
Kanemitsu, R. J. Chung, and R. S. Liu, “Highly Luminescent CsPbBr3@Cs4PbBrs Nanocrystals
and Their Application in Electroluminescent Emitters” J. Phys. Chem. Lett. 2020, 11, 10196—
10202.

_35_



2020-36 ([EFE)

Exploration of cycloaddition properties of guanidine functionalized
anthracenes

Davor Margetic Rudjer Boskovic Institute
Objectives
Synthesis of novel guanidinium anthreacene reagents and investigation of their reactivity for

fullerene derivatization with partner ICR researcher Professor Murata Yasujiro.

Experimental results. Guanylation reaction of aminoanthracenes was carried out in ball mill
mechanochemically using N,N’-bis-Boc-1-pyrazole-1-carboxamidine as guanylation reagent
(Scheme 1). Several experiments were carried out to investigate cycloaddition reactivity of
guanidinoanthracenes 1 and 2. Thermally promoted cycloadditions of anthracenes 1 and 2 with
N-methylmaleimide afforded mixtures of exo/endo cycloadducts, whereas cycloadditions with
fullerene showed lower reactivity. Unexpected thermal rearrangement of anthracenes to

heterocycles 3 and 4 via intramolecular 67 electrocyclization process was also investigated.

NB
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" e weee T2 (Y
1
0 | A
QN-M9+ NBoc NHBoc o H NHEBoc
o HNJLNHBoc N’ NH \“/
Pl N
Nseooplveer
Scheme 1.

Theoretical results. Density functional (DFT) calculations using B3LYP/6-31G* and M062X/6-
31G* models were carried out to predict reactivity of anthracene-guanidine derivatives. Relative
Diels-Alder reactivity of anthracenes was estimated from the transition state calculations of
reactions with two dienophiles (N-methylmaleimide and fullerene). Located TS structures
corresponding to concerted, synchronous [4n+27] cycloaddition mechanism. Overall, activation
energies for cycloadditions with Ceo are higher than reactions with N-methylmaleimide, which
is in accordance with experimental observations. Electron donating amino and guanidine
substituents on anthracene have small effect on the activation energies FEai. In addition,
intramolecular 67 electrocyclization of aromatic guanidines was investigated computationally.

Planned travel to ICR and lecture was not possible due to COVID-19 pandemic.
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Development of new blue TADF emitters with horizontal molecular
orientations

Eli Zysman-Colman University of St Andrews

This project focused on a novel type of acceptor, [1,2,4]-triazolo-[1,3,5]-triazine core (TTT). 1,2,4-
Triazoles and 1,3,5-triazines have each been widely applied as acceptor motifs in thermally activated
delayed fluorescence (TADF) materials due to their relatively weak electron-withdrawing character
and the combination of both, namely the TTT core, has previously been employed within TADF
emitters. However, the previous TTT-based organic light-emitting diodes (OLEDs) showed relatively
poor performance with maximum external quantum efficiency (EQEmax) of less than 10%. Here, we
designed two novel TADF emitters (3,4,5-3TCz-TTT and 3DMAC-TTT, Figure la). The
corresponding OLEDs successfully exhibited improved device performances.

Our group designed these emitters. Prof. Kaji’s group conducted photophysical characterization
and device fabrications. We identified CzSi as an appropriate host matrix for the TTT-based OLEDs
and a doping concentration of 15 wt% was chosen as photoluminescence (PL) quantum yield (®pL)
was highest. Both compounds present sky-blue emission at 485 nm and 475 nm (Figure 1b), and high
®pL under N2 of 80% and 79%, for 3,4,5-3TCz-TTT and 3DMAC-TTT, respectively. Both emitters
present prompt fluorescence, with similar lifetimes reflecting tri-exponential decay kinetics, of 14.5
ns [11=26.14 ns (12.35%), 72=12.97 ns (63.43%), 3= 22.71 ns (24.22%)] for 3,4,5-3TCz-TTT and
bi-exponential decay kinetics, of 11.9 ns [z1 = 6.95 ns (34.7%), 2= 14.6 ns (65.3%)] for 3-DMAC-
TTT. Both compounds also show very long delayed PL (Figure 1c) with bi-exponential decay
kinetics and lifetimes of 3.1 ms [z1=1.17 ms (54.27%), 2= 5.30 ms (45.73%)] for 3,4,5-3TCz-TTT
and 4.7 ms [71=1.16 ms (46.84%), 72=7.84 ms (53.16%)] for 3-DMAC-TTT. 3,4,5-3TCz-TTT and
3DMAC-TTT based solution-processed

ST, 3453TC2TTT — - Emission

a) b) MRS g
Ve W
\

OLEDs exhibited blue emission with o &\Q i

L R P ® ‘Bu :> :: ".‘
Commission Internationale de 1’Eclairage ﬁ\Q@ O §m @,’/ W
coordinates of (0.17,0.28) and (0.16, 0.23), and @ ,‘:-'

EQEmax of 5.8% and 11.0%, respectively M;m:n mm - ;:’ \‘1‘\““
(Figure 1d). P
[Published paper by this joint work] 9= e
The paper highlighting this work has now been
published: Hundemer, F.; Crovini, E.; Wada, \

qu
i ||‘\MT) n":nn‘w IIIHJHIWI'

Y.; Kaji, H.; Brése, S.; Zysman-Colman, E.
Solution- Processed Blue Thermally Activated Time/ms

CzSi 15 wt% Film
3,4,5-3tCzTTT  ——

Normalized intensity / a.u.
°

Tris(Triazolo)-Triazine-Based ~Emitters  for

LY T
L 107" 10° 10'
Current density / mA cm?

-2

Delayed Fluorescence Organic Light-Emitting )
Figure I: a) Molecular structures of 3,4,5-3TCz-TTT and

Diodes. Mater. Adv. 2020, I (8), 2862-2871. 3DMAC-TTT. b) Emission spectra of 3,4,5-3TCz-TTT

Other collaborative work for and 3DMAC-TTT in CzSi doped film (15 Wt%) (Jexc = 340

nm); ¢) Time-resolved PL decay of 3,4,5-3TCz-TTT and

. . 3DMAC-TTT in spin-coated CzSi film (15 wt%) and; d)

currently ongoing and a manuscript related to EQE-J curves of OLEDs containing 3,4,5-3TCz-TTT (red)

this work will be submitted shortly. and 3DMAC-TTT (blue) as emitters. Inset: EL spectra of
OLEDs at the current density of 1 mA cm™.

diindorocarbazole-based TADF emitters is
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Coupling of nanographenes and curved n-systems and elucidation of their
electronic and optical interactions

Akimitsu Narita Okinawa Institute of Science and Technology Graduate University

Objective: To achieve the coupling of nanographenes with the curved n-systems developed by
the ICR partner researchers, Prof. Takashi Hirose and Prof. Yasujiro Murata, the initial
objective in this project has been to prepare adequately functionalized nanographenes. To this
end, we have worked on syntheses of nanographenes with halogen or triflate groups that can be

used for the transition-metal-catalyzed coupling reactions for the further functionalizations.

Results and discussion: We have previously prepared 5-bromobenzo[rst]pentaphene (2)
during our attempts to synthesized N = 8 armchair graphene nanoribbons on surface [BCSJ,
2021, doi:10.1246/bcsj.20200382], and considered benzo[rsf]pentaphene as a model case to
study the coupling with curved m-systems by the ICR partner researchers. To increase the
solubility, 5-bromo-8-mesitylbenzo[rst]pentaphene (4) was prepared through the Suzuki
coupling of 3 with mesitylboronic acid, followed by bromination (Figure). The possibility to

use 4 for further coupling reactions could be verified by model reactions, namely Suzuki

Br. ‘O —@é—B(OH)Z O‘ Mes
NBS, CHCI
— (D ——— QO

rt.12h ‘ Pd,(dba)s, SPhos ‘
88% K3POy, toluene
0 105°C, 12 h 0

1%

coupling with mesitylboronic acid to give
5,8-dimesitylbenzo[rst]pentaphene (5) in 82%

yield as well as homocoupling to provide

dimer 6 in 76% yield. Interestingly, chiral 1 2 3
HPLC analysis of dimer 6 revealed the _Cé'B(OH)z e _(=y_ s
presence of enantiomers, and attempts on the Pd(OAC);, SPhos QGQGO

K3POy,, toluene 5
105°C, 12 h

optical resolution is currently ongoing. On the 82%

Ni(COD), COD

other hand, we have also prepared S oG

DMF, toluene

dibromo-substituted dibenzolhi,st]ovalene B cizn

(DBOV), following our previously reported ,
Figure: Synthesis of bromobenzo[rsf]pentaphene 4
procedure [Chem. Asian J. 2019, 14, 1703.],

and is ready for the further fuctionalization.

and its coupling towards 5 and 6.

Conclusion: Bromobenzo[rst]pentaphene 4 and dibromo-DBOV have been prepared and are
ready for the further coupling studies together with the ICR partner researchers. Although the
planning of the research visits and stays at ICR needed to be postponed due to the Covid-19,
the synthesis of novel bibenzo[rsf]pentaphene 6 could achieved. Optical resolution of 6 as well

as investigation of its photophysical and electrochemical properties are currently ongoing.

_38_



2020-39 ([EEE)

Development of hole transport materials for tin-perovskite
and device characterization

Akinori Saeki Osaka University

Tin iodide perovskite (ASnl3) is one of the most feasible, less toxic alternatives to lead halide
perovskite (APbX3), owing to its readily formed three-dimensional (D) structure and more
suited bandgap (1.2—1.4 V) of the solar cell application than
APbX3 (1.5-2.3 eV). Here, we report the effect of ternary
mixing organic A-site cations (GA, FA, and PEA) on the
solar cell performance and charge carrier dynamics that are
evaluated using time-resolved microwave conductivity
(TRMC) (Fig. 1).' (GAxFA1x)0o9PEA0.1Snls exhibit the
maximum power conversion efficiency (PCE) of 7.90% at x
= (.15 and a drastic decrease with increasing GA content.
Notably, our TRMC measurements of ASnl3 with/without a
hole transport layer reveal the same trend with the devices.
From the analyses, we suggest that a variation of electron
mobility affected by the location of the GA cation in the
grains significantly impacts the PCE. Our work sheds light Fig 1. A-site cation mixing effect on

the charge carrier dynamics of
on the role of mixed A-site cations and directs a route based perovskites.
towards the further development of Sn perovskite solar cells.

Silver-bismuth-iodide (Ag-Bi-I) semiconductors have increasingly gathered much attention
as an alternative to lead halide perovskites. However, Ag-Bi-I has not been thoroughly
investigated owing to the complexity in its composition and solution process, and the PCE of
its solar cell devices has still stayed at a low level. We report a rigorous exploration of the
Ag-M-I composition and III-V elements (M = bismuth, antimony, indium, and gallium) via
effective guidance of TRMC measurements (Fig. 2).! Screening of Ag:Bi precursor ratio
reveals the superior TRMC transients at the low Bi content to that at the high Bi content, which
relates to the predominant Ag»Bils and AgBizl7

phases, respectively and leads to the higher 13a_t4m) 15 17 Agx(lll-V)ylx+3y
PCE in the former. The addition of hydroiodic 31 33

. . Ga As | Br
acid (HI) and mixing of the III-V elements

show dramatic effects on the charge carrier .
dynamics. We obtain an improved PCE of 79 RN -
1.82% in the Ag-(Bi1/Sb)-I composite Tl |Pb | Bi
compared to the initial 0.78% of Ag-Bi-I =~ Monovalent cation

. .- . . Trivalent cation
without additive, which broadens the library of

Ag-M-I semiconductors for a further evolution
of lead-free solar cells.

Fig. 2. Screening of Ag-(III-V)-1 semlconductors for
solution-processed solar cell.

[1] E. Nakanishi, R. Nishikubo, A. Wakamiya, A. Saeki, J. Phys. Chem. Lett. 2020, 11, 4043.
[2] F.Iyoda, R. Nishikubo, A. Wakamiya, A. Saeki, ACS Appl. Energy Mater. 2020, 3, 8224.
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Development of Tr-conjugated nickel complexes for high
performance n-type thermoelectric materials

Michihisa Murata Osaka Institute of Technology

Introduction

Flexible thermoelectric generators are convenient and low-cost energy-harvesting devices that have recently
received increasing attention. Especially organic and organometallic semiconducting materials are suited for this
purpose due to their very low thermal conductivity. Moreover, relatively large films can be fabricated easily using
low-cost solution-based processes. For the generation of flexible thermoelectric modules, p- and n-type organic
semiconducting materials are of vital importance. While solution-processable high-performance p-type organic
materials have been intensively studied, the development of the corresponding n-type materials has been hampered
partially due to their instability upon doping with an n-dopant under atmospheric conditions. One promising
example of an n-type material that can be used as a thermoelectric generator are nickel-ethenetetrathiolate (Ni-ETT)

complexes, albeit that they are virtually insoluble in common organic solvents.

Results and Discussion

In this work, we have developed an

Scheme 1
efficient solution-based process for the 1. Ni(OAc),*4H,0 (1 equiv)

.. . ) . Na* “OMe (4 equiv) x=
fabrication of air-stable n-type thermoelectric o:<s:/||\s>:o DME, 60 °C, 24 h A SIS\Ni P
films. ANi-ETT complex (2) was synthesized and s— s 2. 1, (1 equiv), ACOH 8787 N M4

1 2

used to generate an aqueous dispersion (Scheme
1). A film fabricated via a simple drop-casting method
with ethylene glycol (EG) as the key additive, exhibited
a remarkably high thermoelectric n-type power factor

(PF = 33 uW m! K?), which remains largely

undiminished after 10 days under atmospheric
conditions. This environmentally benign process stands  Figure 1. Images of (a) water-dispersed nickel complex 2

. . (M =Na) and (b) the drop-cast film.

in stark contrast to previously reported methods that use

organic solvents during the film-forming process. The information obtained in part through the collaboration with

Prof. Yasujiro Murata and co-workers should thus strongly contribute to the advancement of flexible thermoelectric

modules.

References:

1) K. Ueda, Y. Yamada, T. Terao, K. Manabe, T. Hirai, Y. Asaumi, S. Fujii, S. Kawano, M. Muraoka, M. Murata,
J. Mater. Chem. A 2020, 8, 12319-12322.
2) M. Murata, 2020 27th International Workshop on Active-Matrix Flatpanel Displays and Devices (AM-FPD),
Kyoto, Japan, 2020, 48-49. (IEEE Xplore)
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Preparation of chiral silica via chiral transfer

Tomoyasu Hirai Osaka Institute of Technology

Silica-based chiral materials such as helical mesoporous silica has been attracted considerable attention in
the fields such catalyst, template, chiral recognition. These materials are prepared by sol-gel transcription using
an organic chiral structure as template. However, preparation of preferred -handed helical silica derivatives
using an achiral polymer as a template has not been reported yet. Polyhedral oligomeric silsesquioxane (POSS)
is an organic—inorganic hybrid nanoparticle. Methacrylate-functionalized POSS (MAPOSS) is commercially

available and its polymers (PMAPOSS) with a well-controlled primary structure were obtained by controlled

4.0 - 1.0
radical and living anionic polymerization. It is anticipated that if 2 PMAPOSSHSIEN
0.5
controlling of the helical conformation in PMAPOSS domains 30
. . o o 0
could keep the helical structure during the calcinating process, L
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o
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then it gives a simple and cost-effective preparation method for

chiral silica materials. 100 < J/\\\ MMMWM .
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Figure 1. VCD spectrum of 7£PMAPOSS

and chiral dopant (R or S-BN) were mixed and subsequently the  with Zand SBN.
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circular dichroism (VCD) spectroscopy measurements (Figure o5 © 6o
1). Split-type Cotton effect could be observed at 1730,
0.6 4.0Q@

1240~1000 cm™', which can be assigned to carbonyl, ester, and

Si-O-Si stretching vibration, and they showed mirror image I
between R and S-BN. This suggests that i--PMAPOSS formed  °? ,Hv/M/\////\\ 0

preferred-handed helical conformation by mixing of chiral 0 2.0
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Wavenumber/cm!
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dopant. The samples thus obtained were annealed at 620°C at a
Figure 2. VCD spectrum of calcinated
heating rate of 10°C / min under air, the residue evaluated using  gamples prepared using it-PMAPOSS

VCD spectroscopy measurements (Figure 2). The peaks ranging with #and SBN.

from 1000 to 1240 cm™, which can be assigned to Si-O-Si vibration, were dominant. The two bands centered
at 1131 and 1047 cm™' due to the cage and network Si-O bond stretching, respectively, broadened to a single
unresolved band, showing a silica structure owing to cage crosslinking. Hence, it is clear that most of the
organic segments were removed from the iz-PMAPOSS. Interestingly, the split-type Cotton effect could still
be observed in this region and was more striking than that of the unannealed sample, indicating that the
distance between Si-O-Si decreased. The VCD results suggest that the induced preferred helical structure in

the PMAPOSS and BN mixture can be used as a chiral template and maintained during the calcination process,

leading to the formation of silica with exclusive optical activity.
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Molecular understanding on the structures and dynamics of ionic
end-aggregation polymers

Visit Vao-soongnern Suranaree University of Technology

We collaborate with ICR faculties through an iJURC project to investigate structures and dynamics of

monofunctional polymers undergoing head-to-head association and dissociation.

Objective: To study the effect of head-to-head association/dissociation on molecular dynamics by

computational and experimental techniques

Methods

1. Monte Carlo (MC) simulation of coarse-grained monofunctional polymer model on a high
coordination lattice.

2. Molecular Dynamic (MD) simulation of the fully atomistic model of carboxylated poly(cis-1,4-
isoprene) and the neutralized form with cation (PICOOM).

3. Synchrotron X-Ray Absorption Spectroscopy (XAS) of carboxylated poly(cis-1,4-isoprene)
neutralized with cation (PICOOM) where M = K and Ca.

Results and Discussion

1. MC simulation: For the association/disassociation of monofunctional polymer as a function of
interaction strength, slower dynamics was seen at the scale of molecular (the mean square
displacement for the center of mass and decorrelation of the end-to-end vectors), chain segment
(head-to-mid vector and mid-to-end vector) and beads near the interacting group.

2. MD simulation: For fully atomistic model of carboxylated poly(cis-1,4-isoprene) and the neutralized
form with/without cation (PICOOH and PICOO™ & Li", K, Ca™), we can obtain the information of
the local aggregated structures (distance and number of solvated atoms) and short time dynamics of
ion, functional group and chain segment (up to 100 nanosecond).

3. XAS experiment: synchrotron XAS studies of carboxylated poly(cis-1,4-isoprene) neutralized with
cation (K" and Ca™) were performed to get results for the cation solvation structures.

Publication

1. Y. Matsumiya, H Watanabe*, N. Sukhonthamethirat, V. Vao-soongnern, Viscoelastic and Dielectric
Behavior of Polyisoprene Monofunctionally Head-modified with Associative Metal-Carboxylate
Group, NIHON REOROJI GAKKAISHI (2021, /n Press)
2. Monte Carlo simulation of structures and dynamics of monofunctional polymer with head-to-head
association/dissociation (/n Preparation)
Activity
We have organized the first International Rheology Symposium at Thailand during February 23-26, 2021
(on-line due to Covid19) https://iumrs-ica2020.com/symposium-detail.php?id=23
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Observation of orbital Hall effect in ferromagnet/nonmagnet bilayers

Sanghoon Kim  University of Ulsan

Recently proposed orbital-Hall-induced torque (OHT) can be a candidate to enhance
magnetization switching efficiency because the orbital current /! as a result of the orbital
Hall effect (OHE), has been expected to be quite larger than the /P in some elements. The OHE
is originated from the orbital texture, which is ubiquitous in condensed maters. If the jhe js
injected into NM, in other words, NM is in the non-equilibrium state with an introduction of an
electric field, the orbital angular momentum +L can be accumulated at edges against orbital
quenching. As a result, the transverse j*°! flows by diffusion of Ls. In order to observe such

effect, we have conducted research to find such large OHE collaborating prof. Teruo Ono’s group

in ICR of Kyoto University.
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Figure 1. (left) Measurement Scheme to observe the orbital accumulation. (right) Current

dependence of the orbital and spin accumulation in terms of the field direction.

Previously, we observed much larger torque efficiency of 3.28 in the Gd/Cr bilayer system
than SHA of 0.09 in the Co/Cr bilayer system by conducting the harmonic Hall measurement.
Here, we note that the torque efficiency in the Gd/Cr system is much higher than the Co/Cr
system. In other words, large orbital accumulation can occur in the Gd/Cr system. Through the
ICR international join research, we succeeded in observation of the current-driven orbital
modulations in the Gd/Cr bilayer from the XMCD study. Figure 1 shows the measurement setup
to observe the orbital accumulation at the Gd/Cr interface. The low incident angle of the
polarized X-ray can detect whether the spin or orbital angular momentum is parallel or
antiparallel in a system. Gd M5 and M4 edges of Gd/Cr films were scanned varying current
density with different current (£x) and magnetic field directions (£y) at 17K as shown in Fig. 1.
We could observe clear current-density-dependence of the orbital magnetic moment Amo. This
result is now under preparation for submission to a physical journal. This will be the first

observation of the current-driven orbital generation.
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High frequency response of polymeric liquids:
Rheology and dielectric relaxation

Sathish K. Sukumaran Yamagata University

To investigate the dynamics of polymer chains and their response to imposed fields,
experiments are typically performed under isothermal (constant temperature) conditions. To
simplify the analysis, it is assumed, often implicitly, that the system temperature is not affected
by the imposed field and remains uniform throughout the system. Therefore, the theoretical
analysis of polymer dynamics uses isothermal response functions. However, the constant
temperature assumption might not be valid for the high frequency response due to the
insufficient time for the thermal equilibration of the relevant dynamical processes. Under these
conditions, the adiabatic response functions might even be more appropriate. Therefore,
combining the experimental and theoretical expertise of ICR (Hiroshi Watanabe, Yumi
Matsumiya), and the computational, modelling and theoretical expertise of international (Jorge
Ramierz, Madrid; Manlio Tassieri, Glasgow) and domestic (Yuichi Masubuchi, Nagoya)
researchers, we have initiated a collaboration between ICR and several international and

domestic research partners.

We began our investigations by studying the effect of imposing isothermal and adiabatic
conditions on the linear rheology of an unentangled (short chain) polymer melt. We used a
simple bead-spring model for the polymer and simulated it at high densities using molecular
dynamics simulations (the so called Kremer-Grest model). The isothermal simulations were
performed by controlling the temperature using a Langevin thermostat. The adiabatic
simulations were performed at constant energy, i.e., without using a thermostat. Oscillatory
shear deformation was imposed at several frequencies while ensuring that the amplitude of the
deformation was small enough for the response to remain in the linear regime. Our results
indicated that the storage modulus, G’, and the loss modulus, G”, under both the isothermal
and the adiabatic conditions were rather close to each other. This also indicated that the
relaxation times of the polymer chains were not significantly affected. Therefore, at least in the
linear regime, preliminary results suggest that the imposed conditions did not substantially
modify the dynamics. However, under adiabatic conditions, as expected, the temperature of the
system progressively increased with time. In addition, the temperature increase under high
frequency oscillatory shear deformation was significantly larger than under low frequencies.
The increase in temperature under adiabatic conditions cannot be sustained indefinitely without
any effect on the system response. If nothing else, eventually the system is likely to undergo a
change in state due to the heat generated by the imposed oscillatory shear deformation. We are
currently further exploring this regime both to confirm our preliminary results and also to

elucidate the response when the oscillatory shear is applied for longer times.
— 4’7 _



2020-48 ([EFE)

Dissolved and particulate Fe isotopic composition in the North Pacific
Ocean: Sources and internal cycling

Tung-Yuan Ho Academia Sinica
Objectives:
The major objective of this joint study is to investigate the sources and internal cycling of
dissolved and particulate Fe in the water column of the Northwestern and subarctic Pacific Ocean
and to evaluate the impact of anthropogenic aerosols originating from East Asia on the processes.

My host at ICR, Kyoto University, is Prof. Yoshiki Sohrin.

Methods:

Seawater samples were taken on Japanese GEOTRACES cruises, KH11-7 and KH15-3 with Prof.
Yoshiki Sohrin’s and other Japanese PIs’ research groups in the subarctic North Pacific Ocean.
Both dissolved and suspended particulate samples were collected for trace metal elemental and
isotopic composition analysis. Elemental and isotopic composition of trace metals were
determined by HR-ICPMS and MC-ICPMS, respectively. The detailed information of the

sampling and pretreatment are described in the following papers.

Result and Discussions:

The details of the results and discussions are described in the following two papers. Chih-Chiang
Hsieh, my Ph.D. student, has measured Fe isotopic composition in the samples and is preparing
the other manuscript. In brief, we have observed lighter Fe isotopic composition in the suspended

particles, indicating the important roles of anthropogenic aerosol Fe input in the oceanic region.

Publications:

Due to the impact of Covid-19, it was pity that I could not visit ICR, Kyoto University in 2020.
However, Sohrin-san and my laboratory have still kept close interaction in the research topics.
During the past year, we have submitted the following two papers. Both of them have received
positive review comments and are currently under final revision. Another paper about the

proposed research topic is under preparation.

Liao, W.-H., S. Takano, H.-A. Tian, H.-Y. Chen, Y. Sohrin, and T.-Y. Ho* (in revision) Zn
elemental and isotopic features in the sinking particles of the South China Sea: the implications
to its sources and sinks Geochimica et Cosmochimica Acta

Zheng, L.*, T. Minami, S. Takano, T.-Y. Ho, and Y. Sohrin. (final revision) Sectional distribution
patterns of Cd, Ni, Zn, and Cu in the North Pacific Ocean: systematic importance of scavenging.

Global Biogeochemical Cycles
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Revealing exciton quenching mechanisms in thermally activated delayed
fluorescent devices

Ifor D. W. Samuel University of St. Andrews

Highly efficient organic light-emitting diodes (OLEDs) especially at high brightness are

desired for outdoor display and lighting application. As emitter materials, thermally activated

delayed fluorescence (TADF) materials can theoretically achieve 100% of exciton conversion

into light and it has been expected to use TADF materials in place of conventional emitters in

OLEDs. However, TADF materials suffer from efficiency roll-off at high brightness mainly

because of singlet-triplet annihilation (STA) and triplet-triplet annihilation (TTA). Therefore,

we have tried to establish quantitative analysis method for STA and TTA by ultra-fast transient

photo luminescence (Tr-PL) and transient electroluminescence (Tr-EL) measurements.

In our collaborating researchers, Yoshimasa Wada and Hironori Kaji have prepared neat films
and host-free OLEDs using a highly efficient blue TADF material, MA-TA. The OLEDs
exhibited high efficiency at low brightness and severe efficiency roll-off at high brightness,

which is suitable for our research. To analyze STA of MA-TA, transient singlet exciton

densities were estimated by Tr-PL measurement for neat MA-TA film using streak camera with

pico-second time resolution and frequency adjustable laser (Figure 1). The laser frequencies

were modulated from 2 kHz to 10, 50, and 200 kHz, where STA was expected to occur only at

high frequency. From the following equations (1) and (2), we have determined Forster radii, Ro,
which will be used for the calculation of rate constant for STA (ysta). Here, Nsi**H?, 4, ¢ Nri

and 7 are singlet exciton density at X kHz, perfector, time, triplet exciton density, and

fluorescent decay lifetime, respectively.

NXkHZ _

i = Ae PV (1)
4 3 _

p = §7T2R(3;NT1T 03 (2)

Slopes of the figure tell f, from which we
calculated Ro = 4.7-6.3 nm. For the determination
of ysta, we need further investigation of other
parameters, a and yenc, Which are the distance
between singlet and triplet excitons and their
encounter rate constant, respectively as shown in
egs. (3) and (4).

6
_ .—-1(R

kprer = T (f) (3)
__ YencKFRET

VYsrta = [ 4)

We will continue this analysis as well as Tr-EL

experiments for TTA analysis.
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Fabrication of low bandgap semiconductor films and their light induced
interfacial charge transfer and charge transport dynamics

Yasuhiro Tachibana RMIT University

Introduction

Low bandgap semiconductors such as metal halide perovskite and metal chalcogenide
semiconductor quantum dots have been recognised as the most promising material for next generation
photovoltaic devices after the era of crystalline Si solar cells. They can be easily prepared with a
solution processed method, and therefore applied for solar cells. However, the prepared solar cells
may not necessarily indicate optimal solar cell performance. In this project, we employ different types
of solution processed semiconductor films, and assess charge carrier mobilities and interfacial charge
transfer dynamics. We have conducted this project with Professor Teranishi at the ICR, characterising

low bandgap semiconductor films.

Experimental

Methylammonium lead iodide perovskite (MAPbI3) nanocrystals were synthesized with the
injection method. PbS quantum dots (PbS QDs) were synthesized using the method developed by us
previously.[1] PbS QD sensitized TiO: films were prepared by first attaching mercaptopropionic acid
(MPA) on the TiO2 surface, and subsequently attached QD to MPA. Photo-induced charge carrier
dynamics were quantitatively assessed by state of the art transient absorption spectroscopies covering
femtoseconds to 10 seconds and 350~6,600 nm under modified experiment conditions.[2] The

quantitative charge carrier separation properties were correlated with interfacial nanostructures.

Results and Discussion

We could successfully synthesized MAPbI3 nanoplatelets, and moreover found that nanoplatelets
or nanocubes can be selectively synthesized by altering the ligand concentration.[3] We also found
that the ligand concentration kinetically controls nanoplatelet and nanocube formation. We found that
exciton relaxation of PbS QDs are size dependent, and interestingly smaller QD shows faster
relaxation compared to a large size.[4] Hot electron injection from PbS QD to TiO2 was observed.
Charge recombination rates are size dependent, that is, the larger QD is, the slower change

recombination is.

References

[1] S. Chan, M. Liu, K. Latham, M. Haruta, H. Kurata, T. Teranishi, Y. Tachibana, J. Mater. Chem. C, 5, 2182 -
2187 (2017).

Outcomes

[2] Tachibana et al, submitted.
[3] Tachibana et al, manuscript in preparation.
[4] Tachibana et al, manuscript in preparation.
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Dynamics of shear-induced concentration fluctuation in polymer solutions

Maya Endoh  Stony Brook University

Introduction. Additive manufacturing (AM) constructing 3-demensinal objects mainly through
printing is the one of the most active current technologies. Polymeric materials which are used in
AM are exposed in the rapid process in complex 3D geometries and complicated flows, thus
exhibit nonlinear dynamics and form non-equilibrium structures that often cause the defects in
final structure. Therefore, it is important to understand the physics underlying the flow-induced
concentration fluctuation. Theoretically, it is explained that the flow-induced (or shear-induced)
concentration fluctuation and phase separation are caused by the effects of “dynamical coupling
between stress and diffusion” in the dynamically asymmetric systems by Doi and Onuki. Even
though the static characteristics of the shear-induced concentration fluctuation phenomena have
been studied, their dynamics have not been well understood for actual materials containing both

polymeric and colloidal components.

Experimental Method and Result. To examines the dynamics of the shear-induced concentration

fluctuation and/or phase separation in polymer
Q= 0.0023 A~! ©=-90 deg.

solutions, blends and nanocomposites having a large 1.200
dynamic asymmetry, we proposed to use X-ray 1123
photon correlation spectroscopy (XPCS) technique at . iigg
National Synchrotron Light Source II (NSLS-II) at = 1:8;3
Brookhaven National Laboratory (BNL). Due to the ; 1.025
COVID-19 pandemic, BNL was closed and we lost 0 50 100 oo
the in-person access to conduct the experiment. ti1s]

However, the preliminary XPCS measurement was Fig. 1 Two-time correlation function of

stress relaxation silicone/calcium carbonate
performed at the CHX beamline at NSLS-II with nanocomposite system

different system to investigate the nonlinear shear effects on AM materials. Figure 1 exhibits the
dynamics of stress relaxation of a silicone/calcium carbonate nanocomposite system. From this
two-time correlation function image, we can determine the temporal evolving non-equilibrium
dynamics during the stress relaxation of the polymeric nanocomposite system by tracking the
speckles from the calcium carbonate as a marker. Unfortunately, the dynamic share mode was

unable to determine for this experiment.
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Fig.1 Reconstructed CT images as a function of A@: (a)
AO=1.0°(b) AG=3.0°(c) AG=6.0%(d) AG=12.0°
(e) A@= 24.0°; and (f) AHG= 48.0°. Recovered CT
images using TV regularization for downsampling CT
images: (g) A@= 3.0° (h) A= 6.0% (i) A= 12.0°

(i) AO=24.0° and (k) AO= 48.0°
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Fig.2 MSE values as a function of A@at (a) the circular patterned and
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Origin analysis of atmospheric aerosol of mountainous areas by
trace metal analysis

Yuzuru Nakaguchi Kindai University

Purpose) The authors have been studying about cross-border pollution of the Asian Dust in Higashiosaka city
from 2017 to 2020. The concentration of Al and Fe in the coarse particles which was supplied from soil increased
during Asian Dust event. However, the concentration of Zn, V, and Pb in the coarse particles which was supplied
from anthropogenic origin did no increase during Asian Dust event. On the other hand, the concentration of V
and Pb in the fine particles increased during Asian Dust. The origin of Al in the atmosphere is the crust, and its
dry deposition velocity is used as an index to indicate the scale of Asian Dust. The dry deposition velocity of Al
decreased from 2017 to 2020. It is difficult to understand the origin of cross-border pollution because there are
many sources of human pollutants since Higashi-Osaka City has many industrial areas and highways around the
city. In this study, atmospheric aerosols were collected and analyzed in mountainous areas where the effects of
local pollution were small, and the effects of cross-border pollution of Asian Dust were investigated.
Experimental) Atmospheric aerosol samples were collected on the PTFE filter of air sampler (Kimoto-electric
co.Ltd, Type AS-9) at the rooftop of the Yamanashi University building during from March 16 to March 24,
2020. The PTFE filter paper was changed every 24 hours. After sampling, the filter is cut into a Fine part (particle
size < 2.5 um) and a Coarse part (particle size from 2.5 to 10.0 um). The cut filter was transferred to an HDPE
bottle, pure water was added, ultrasonic waves were irradiated for 15 minutes to elute, and it was filtered through
a 0.45 um filter, and then the ionic components were analyzed.by ion chromatography system (Dionex, Type
ICS-1500). The cut filter was transferred to a reaction decomposition vessel for microwave ovens (San-ai
Kagaku, Type P-25), high-purity nitric acid, high-purity perchloric acid, and high-purity hydrofluoric acid were
added and decomposed in the microwave oven, and after decomposition, Trace heavy metals were determined
with an inductively coupled plasma emission spectrometer (Thermo Scientific co Ltd., Type iCAP7600). he
PM2.5 and PM10 were analysed by the automatic fine particulate matter measuring instrument (Kimito-electric
co Ltd, Type SPM-613).

Results and discussions) The Asian Dust event was observed in Kofu city from March 21 to 22, 2020. The results
of the backward trajectory analysis showed that this Asian Dust passed over the Mongolian desert and Shanghai,
China, and reached Kofu city. The dry deposition velocity of Al and Pb in the Coarse fraction during Asian Dust
(AD) event were 249 and 0.93 mg / m? - year, respectively, and the dry deposition velocity of these element
during non-Asian Dust (nAD) event were 89, 0.37 mg / m® - year, respectively. It was found that soil-derived
(crust) Al during AD was 2.8 times higher than nAD, and Pb, of anthropogenic pollutant during AD was about
2.5 times higher than nAD.

Achievement report) Nakaguchi, Y., Ikeda, Y., Sakamoto, A., Zheng, L., Minami, T., Sohrin, Y., 2020,
Distribution and stoichiometry of Al, Mn, Fe, Co, Ni, Cu, Zn, Cd, and Pb in the East China Sea, Journal of
Oceanography, https://doi.org/10.1007/s10872-020-00577-z
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Dynamic viscoelasticity and tensile properties of
thermoplastic elastomers

Atsushi Noro Nagoya University

Background and objectives: To develop elastomers with excellent toughness and processability, block
copolymer-based thermoplastic elastomers (TPEs) with dynamic noncovalent cross-links have been actively
studied in recent years; for instance, we developed an ABA triblock copolymer with hydrogen-bonding groups
of amide on the B middle block with a glass transition temperature lower than room temperature, and we also
evaluated the effects of hydrogen bonds formed in the ABA triblock copolymer-based TPE on the mechanical
properties. However, most of the previous studies on noncovalent-bonded TPEs, including our previous reports,
mainly focused on the incorporation of hydrogen bonding groups into the rubber-component blocks. Therefore,
in this study, an ionically functionalized thermoplastic elastomer (iSIS) was synthesized by incorporating ionic
groups into the polyisoprene block of a polystyrene-b-polyisoprene-b-polystyrene (SIS) triblock copolymer.
Mechanical properties of SIS and iSIS were also compared by performing tensile tests.

Experimental methods: Film samples of neat SIS (Fig. 1a) and ionically functionalized iSIS (Fig. 1b) were
prepared by using a solution-casting method. Uniaxial tensile tests were performed at room temperature to
evaluate the tensile properties, where an initial distance between jigs is ~10 mm.

Results and discussion: Fig. 1c shows the stress-strain curves of neat SIS (a)

and iSIS. The tensile strength and the toughness of neat SIS were 9.1 MPa U Tml Yh

and 112 MJ m3, respectively, where toughness can be estimated from the
inner area under the stress-strain curve. On the other hand, iSIS exhibited
much higher tensile strength (43.1 MPa) and toughness (480 MJ m *).This

surprising result is attributed to formation of ionic multiplets from ionic

groups in iSIS, which serve as strongly associated but reversible, dynamic

cross-links. Since the elastomers can be produced at industry scale, they

50
: isls
have great market potential for becoming next-generation elastomeric 40 [
w _ f
materials. s 30 ¢
é 20
» 10 F neat SIS
Publication: “Extremely Tough Block Polymer-Based Thermoplastic 0

Elastomers with Strongly Associated but Dynamically Responsive 0 1023 ain(f/f)oo 3000

Noncovalent Cross-Links” Kajita, Takato; Tanaka, Haruka; Noro, Fig 1. (a) Chemical structure of

Atsushi*; Matsushita, Yushu; Nozawa, Atsushi; Isobe, Kousuke; Oda, SIS. (b) Chemical structure of
Ryoji; Hashimoto, Sadaharu, Polymer 2021, 217, 123419, 1SIS. (c) Stress-strain curves of

SIS and iSIS.
https://doi.org/10.1016/j.polymer.2021.123419 andt
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Study on transportation of metal ions through a polymer membrane
containing ionic liquid

Hiroshi Mukai  Kyoto University of Education

Introduction Transportation of metal ions using a liquid membrane (LM) of a thin layer is an alternative
method of liquid-liquid extraction which use a large amount of harmful organic solvents and valuable carrier
molecules, and expected to reduce these risks and costs. However, the thin layer of LM is often mechanically
unstable. Therefore, polymer membranes containing liquids have been applied to the LM in order to improve
its strength. In our previous work, the active transportation of copper (II) ions using polyvinyl chloride
(PVC) membrane containing ionic liquid (IL) was achieved and its almost quantitative transportation for 24
hours was observed. For the purpose of separation of metal ions, the transportation of metal ions through a
polymer membrane was studied under the various different experimental conditions in this study.

Experimental (1) Preparation of PVC membrane: 1-Phenyl-3-methyl-4-benzoylpyrazol-5-one (PMBP) or

1,10-phenanthoroline hydrochloride monohydrate (phen* HCI* H,O) were dissolved in 1-hexyl-3-methyl-

imidazolium bis(trifluoromethanesulfonyl)imide ([Cemim][Tf2N]) or dioctyl phthalate (DOP) at the
concentration of 0.005 mol kg!. This solution of 1.25 g and PVC of 0.1 g for [Cemim][T:N] or 0.3 g for
DOP were dissolved in tetrahydrofuran of 5 g in the glass petri dish of 49 mm inner diameter and were dried.

(2) LM transportation: The membrane was fixed at the center of the U-shaped reaction cell. The 30 or 40

cm?® of aqueous supplying phase ([Fe(NH2)2(SO4)2] = 5.0X10” mol dm?, [CH;COONa] = 0.01 mol dm™,
[CH;COOH] = 0.01 mol dm™, pH 4.70) and the 30 or 40 cm?® of aqueous receiving phase ([HCI] = 1 M, pH
0) were poured into each part of the reaction cell separated by the membrane. 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 membrane worked stably as a separator of two aqueous phases when the
membrane left 6 mm margin around the center hole with a diameter of 25 mm in the reaction cell. Table
shows the results of LM transportation of Fe*" ions for the different membrane composition. Compared with
the LM transportation of Cu®*" ions, Fe’" ions were much less transportable due to less stable complex
formation according to Irving-Williums rule. It suggests the possibility of metal separation by the LM
transportation due to the different stability of metal complex formations. Compared between Nos. 2 and 3, it
was found that the transportation rate can be controlled by the choice of carrier molecules. Fe*" ions seem to

suit N coordination atoms of phen rather than O atoms of PMBP according to HSAB theory.

Table Results of liquid membrane transportation of Fe*" under the different experimental conditions.

No. PVC [Comim][Tf:N] DOP PMBP phen*HCI-H,O  Time Transportation Rate

[e] [e] [mol’kg] [mol/kg] [mol/kg] (h] (]

0.1 1.25 - - 0.05 24 0.10
203 - 1.25 - 0.05 24 0.10

0.3 - 1.25 0.05 - 24 0.02
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Exploration of hierarchical dynamics of amorphous polymers by broadband dielectric

spectroscopy

Osamu Urakawa Osaka University

We examined the hierarchical dynamics of a topological network formed by rotaxane-type movable
crosslinks consisting of a poly(ethyl acrylate) backbone threaded through peracetylated y- or f-cyclodextrins
(CD) connected to other chains. Figure 1 schematically shows the structure of the movable crosslinking
network. These network materials were synthesized by bulk radical copolymerization of ethyl acrylate and
peracetylated y- or f-CD monomers: PEA-y-CD, or PEA-S-CD. The rotaxane structure was naturally
introduced through this synthesis even though the amount of rotaxane type CD moieties is small (22 mol% of
the feed CD content, determined from the dielectric

Movable Crosslinking Network

intensities). The obtained materials were rubber-like and

Dipole moment

= i |

acetylated y-cyclodextrin

highly stretchable. We conducted rheological and broadband

dielectric  spectroscopy measurements to analyze the

hierarchical dynamics governing the material properties.
Figure 2 shows the storage modulus G’ (composite curves) as ~ Figure 1. Rotayane-type movable

crosslink network
functions of frequency @ for PEA-y-CD with

9 i T T T T T T T T T T T T T T T T T T |

various CD contents at temperatures 50°C above 103 i

71 |2 ]

each glass transition temperature. By increasing & or 4
~ s

. 100 F 4

the molar fractions of CD (x), the G'(w) spectra at 2 L 4
3

i 10° T

low @ change: the terminal slopes change from 2 - .

. . 10] I
to 0, suggesting the formation of rotaxane type 10° 10° 10" 107 10° 100 100 10° 100 10"

aro/ s
Figure 2. G'(w) for PEA-y-CD with x=0~1.5mol%.
] E

crosslinks. In the glass to rubber transition region

(at w = 10~10° s™"), where network strand dynamics is

responsible, a new relaxation process called “slow ;
0.1k

mode” was detected. Figure 3 shows the corresponding

3
W

x = 0mol%

x = 0.5mol%|
x = 1.0mol%|
x = |.5mol%|

dielectric data (cw-derivative of dielectric permittivity), 0.01

ooo

clearly exhibiting the slow mode indicated by the black o9, :

arrow. We ascribed this dielectric relaxation mode to the

-1
wls

rotational motion Of the rotaxane type cyclodextrin Figure 3 w dependence Of the deriVatiVe Of dielectric
permittivity for PEA-y-CD with x =0 ~ 1.5 mol %.

moieties via sliding on the polymer backbone

accompanied by the chain conformational change. The temperature dependence of this mode relaxation time

obeyed the Arrhenius type equation with the activation energy E, = 140 kJ mol™. From this E, value, we

concluded that CD’s sliding motion occurs through a distance of about or longer than the Khun length.

Reference) Kashiwagi, Y.; Urakawa, O.; Zhao, S.; Takashima, Y.; Harada, A.; Inoue, T. Macromolecules 2021,

accepted.
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Dielectric relaxation of type-A rouse chain under end-
adsorption/desorption equilibrium: Effect of motional coupling

Youngdon Kwon  Sungkyunkwan University

Properties of polymer nanocomposites reflect not only those of polymer matrix and nanoparticles but also
the behavior of the interface therein.” The structure and dynamics of interfacial layers between the bulk
polymer phase and the particle surface have been studied with the aid of various experimental techniques, for
example, small angle x-ray scattering? and broadband dielectric spectroscopy.” However, those studies mainly
considered very strong adsorption of the segments, which is equivalent to an assumption of the chains attached
to the particle surface through strong bonds. Obviously, this assumption should fail for the adsorption
occurring through moderate bonding (for example, hydrogen bonding).” This work is devoted for this case
of moderate adsorption, and a mathematical formulation of the unentangled dynamics (Rouse dynamics) for
the end-adsorbing type-A chains (Figure 1) has demonstrated a significant effect of adsorption/desorption
equilibrium on the end-to-end fluctuation of the chains (detected with a dielectric method).

k= rl) - .
\ u,(n) e N P \ u(ny) e
n,= \g‘ £ ? ' -1 ng= 0 — : ?
& \ k (: fads) \
- —

Fig. 1. Illustration of a type-A linear Rouse chain undergoing end-adsorption and desorption. The adsorption
occurs on a fixed point in space. Nevertheless, a hypothetical, permeable surface is also illustrated for
convenience of distinguishing the desorbed (free) and adsorbed (grafted) chains.

This formulation considered a conformational exchange between the adsorbed and desorbed chains that
results in strong a motional coupling between those chains.  Eigenmode analysis for those motionally coupled
chains® enabled analytical characterization of the time evolution of the chain conformation and the
corresponding changes of the end-to-end fluctuation time rwith the adsorption and desorption time constants,
Tads and 7ges shown in Figure 1.

A typical result, obtained for a case of zuds= 7des, is Shown in 0.6 o,

Figure 2.  On enhancement of adsorption/desorption (i.e., on a o
Oo adsorbed

decrease of 7yes), the conformational exchange is accelerated so

that the fluctuation time 7 normalized by 7° in the absence of the °

[¢)

adsorption decreases and increases, respectively, for the chains

log (r/r")

in the adsorbed and desorbed states. In an extreme of fast desorbed | %,
2 AAgg‘Bﬂmm

0082, | ohececsssag

merge with each other and the two states become 2 1 0 1 2 3 4

adsorption/desorption ( zaes—0), 7/7° of the chains in those states

indistinguishable. These results demonstrate a new aspect in log (To Iz, )
the dynamics of adsorbed/desorbed chains, a strong effect of

their Conformational exchange' Fig. 2. Changes Of ﬂuctuation tlme Of
adsorbed and desorbed chains with 7ges.

Acknowledgement: This work has been published in J. Soc. Rheol. Japan, 48, 27 (2020).

references: 1) Cheng et al, J. Chem. Phys., 146, 203201 (2017). 2) Jouault et al, ACS Macro Lett., 5, 523
(2016).  3) Klonos PA, J. Phys. Chem. C, 122, 50 (2018). 4) Srivastava et al, Curr. Opin. Chem. Eng., 16,
92 (2017). 5) Kwon et al, Macromolecules, 52, 8484 (2019).
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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 diterpenoid carboxylic acids. They act as plant
hormones that 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 used in hybrid
rice breeding in order to eliminate panicle enclosure in male sterile parents. We have
previously identified the EUI2 gene by map-based cloning, and found that EUI2 is a
functionally-uncharacterized protein that belongs to the o,B-fold hydrolase superfamily. In
collaboration with Shinjiro Yamaguchi’s group, we have previously characterized the rice eui
mutant and found that FUI encodes a cytochrome P450 enzyme that deactivates GAs via
epoxidation. Interestingly, the eui eui2 double mutant plants are phenotypically
indistinguishable from the eui single mutant, supporting the idea that EUI and EUI2 act in the
same pathway. Based on this notion, we speculated that EUI2 might act as an epoxy hydrolase
and further deactivate epoxidated GAs in the uppermost internode of rice. Our objective of this
collaborative research is to prove this hypothesis. First, we need to examine whether EUI2
protein can hydrolyze epoxy GAs. Second, we determine the levels of endogenous epoxy GAs
in wild type and the eui2 mutant. We would also need to examine the biological activities of
epoxy GAs. Because of his expertise in plant hormone biochemistry, especially GAs, we
collaborated with Prof. Shinjiro Yamaguchi at ICR in Kyoto University on this project.
Experimental methods: EUI2 recombinant protein was prepared in bacteria. Epoxy GAs in
rice plants were analyzed by LC-MS/MS after derivatization as ethyl esters. Biological activity
of epoxy GAs was determined by a micro-drop method using GA-deficient rice seedlings. The
physical interaction between the GA receptor GID1 and epoxy GAs was analyzed by
differential scanning fluorimetry (DSF).

Experimental results: We found that the recombinant EUI protein is able to hydrolyze epoxy
GAs to produce diols in vitro. To analyze endogenous epoxy GAs in rice, we could not simply
follow the normal method for GA purification because epoxy GAs are not stable under weak
acidic conditions during the purification steps. We therefore derivatized epoxy GAs as ethyl
esters and purified them as neutral compounds. This method was successful in finding that the
eui? mutant accumulated epoxy GAu4 at higher levels than did wild type plants. Our biological
activity test showed that epoxy GA4 was weakly active. We chemically synthesized epoxy GAa.
DSF analysis indicated that epoxy GA4 can physically interact with the GA receptor GIDI,
consistent with its weak biological activity. These results suggest that the accumulation of
epoxy GA4, which is weakly bioactive, is the cause of the tall phenotype of eui?.

Publications: In preparation.
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Well-defined AIE-based polymer brush for the application of the
electrochemical luminescence biosensors

Ying Ma South China University

Electrochemical luminescence (ECL) sensors have demonstrated broad applications in
biomedical analysis with high sensitivity, and been applied in clinical diagnosis for a
variety of biomarkers. However, the development of new ECL agents with high quantum
yields and good stability is the key issue to improve the sensitivity of sensors.
Fluorophores with aggregation-induced emission (AIE) property are good candidates to
satisfy this requirement owing to their high ECL performance, while their fixation on
electrode surface with controlled thickness and density is still a challenge.

In this project, we are working with Prof. Kohji Ohno (ICR partner researcher) to focus
on the fixation of AIE dyes on a gold (Au) electrode surface based on the surface-initiated
atom transfer radical polymerization (SI-ATRP), and achieved the good ECL signals in
terms of high intensity and good stability. The experiment involves in four key sections:
(1) synthesis of ATRP initiator with disulfide group to allow its fixation on Au electrode
surface; (2) synthesis of tetraphenylethylene (TPE)-carrying monomer and its subsequent
graft on electrode surface via SI-ATRP; (3) the ECL behavior of TPE-carrying polymer
brush; (4) the ECL detection of alkaline phosphatase (ALP).

The results show that AIE-carrying monomer can be successfully grafted on Au surface
via SI-ATRP, and its thickness can be well tuned by the polymerization conditions. The
polymer brush has been characterized by the fluorescence and infrared spectra. More
importantly, the resulting polymer brush exhibited good ECL behavior in the presence of
triethylamine, and its ECL intensity is very dependent on the thickness of polymer brush,
which reached a maximal intensity with the polymer molecular weight of 15 kDa. In
addition, the ECL signal remained 95% of its intensity after 50 times of cyclic
voltammetry scanning, revealing its good ability as an excellent ECL agent for sensors.
Furthermore, we developed an ALP sensor based on a bipolar ECL sensing platform with
the polymer brush-modified electrode as an ECL reporting electrode and a bare Au
electrode as a sensing electrode. The ALP could catalyze its enzymatic substrate into
phenol to generate an electrochemical current, which induces the tunable ECL signals.
Therefore, the ALP concentration could be readout by ECL signals. Good linearity of the
signal in the ranges of 0.1-20 mU/L for ALP was obtained and the limit of detection can
reach as low as 0.02 mU/L, which could be well applied in the clinical profiling of ALP.
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Role of phosphoinositide signaling in pollen development

Sheng Zhong Peking University

Objectives: Phosphatidylinositol 4,5-bisphosphate [PtdIns(4,5)P,], one of phosphoinositides,
serves as a site-specific signal on biological membranes. PtdIns(4,5)P, confines downstream
events including actin cytoskeletal reorganization and membrane trafficking to specific
subcellular loci via its effector proteins, leading to various cell-biological phenomena. In plants,
PtdIns(4,5)P, has been studied intensively for its involvement in root hair and pollen tube
growth as well as those in environmental responses. The model plant Arabidopsis thaliana has
11 PIP5Ks, which are classified into type A (PIP5SK10 and 11) and type B (PIP5K1-9) based
on the absence and presence of membrane occupation and recognition nexus (MORN) repeats
at their N-termini, respectively. In this collaboration work, we investigated a role of the
PtdIns(4,5)P, producing enzyme phosphatidylinositol 4-phosphate 5-kinase (PIP5K) in pollen
development and pollen tube growth. We selected a series of PIP5K loss-of-function mutants.
Starting with these, we identified a PIPSK gene set that is needed for pollen development or
pollen tube growth.

Experimental Methods: Tagging mutant lines of PIP5K genes were obtained from public
organizations of biological resources. Null alleles for each type-B PIPSK genes were selected
among them. Multiple mutants were constructed by crossing, and examined for their male
sterility.

Results and Discussion: Null mutants of type-B PIPSK genes except PIP5K6 were selected
among the lines obtained from Arabidopsis Biological Resource Center. For PIP5K6, its null
mutant was found among those from RIKEN Biological Resource Center. The pip5k6 mutant,
the genetic background of which is the ecotype of Nossen, was crossed with the Columbia wild
10 times to have almost the same genetic background as that of the other PIPSK mutants.
Starting with these mutant lines, multiple mutants were constructed. However, the
pip5Sk4pip5k5pip5k6 triple mutant could not be obtained by crossing among the pip5k4pip5kS5,
pipSk4pip5k6, and pip5kSpip5k6 double mutants. Mutual crossing analysis between the wild
type and pip5Sk4pip5SkSpip5k6/+ plants revealed that ovules, but not pollens, could carry the
pip5Sk4pipSk5pip5k6 mutation to progeny. This male sterility was rescued by either transgenes
expressing PIP5K4-YFP, PIPSK5-YFP, or PIPSK6-YFP. These results indicate that PIP5K4,
PIP5KS5, and PIP5K6 genes have redundant functions in pollen development and/or pollen tube
growth. Detailed mutant analyses of cell biological processes during pollen development and

pollen tube growth will be performed in our future study.
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Role of PX-PH-type phospholipase Ds in plant intracellular
membrane traffic

Yohei Ohashi MRC

Objectives:  Phospholipase D (PLD) hydrolyzes glycerophospholipids including
phosphatidylcholine (PC), a ubiquitous phospholipid in eukaryotic membranes, to produce
phosphatidic acid (PA). Besides phospholipid metabolization, PLD is implicated in promoting
various intracellular processes such as membrane traffic, signal transduction, and cytoskeletal
reorganization through molecular functions of PA. PLD is requisite for plants in their
development according to the genetic program and responses to environmental stimuli.
However, particular processes promoted by PLD in plant cells largely remain elusive partly
because subcellular loci where each PLD functions for its relevant intracellular process various
remain unknown. In this collaboration research, we performed comparative analysis for
intracellular localization patterns of PLD(1 and PLD{2, eukaryote-general PX-PH-type PLDs
of Arabidopsis thaliana, in root tissues for a clue as to their functions in cell biological
processes.

Experimental Methods: Transgenic Arabidopsis lines, which expressed fluorescence protein
fusions of PLD{1 and PLDC2, and their N-terminal partial proteins, were constructed, and then
crossed with lines expressing various fluorescence markers for intracellular localization. Root
cells of those constructed transgenic lines were observed by confocal laser-scanning
microscopy.

Results and Discussion: PLD{1-mCherry co-localized with a trans-Golgi network or Early
Endosome (TGN/EE) marker, while PLDZ2-GFP localized to the tonoplast and punctate
structures including the pre-vacuolar compartments or multivesicular bodies (PVCs/MVBs).
These localization patterns were reproduced by fluorescent protein fusions of their N-terminal
partial proteins containing the PX-PH domains. Domain dissection analysis using an
overexpression system revealed that the N-terminal moiety preceding the PX-PH domain of
PLDC2 was required for tonoplast-predominant localization, whereas either the PLD{1 or
PLDC2 PX-PH domain alone could direct the tonoplast-partial localization, suggesting that
PLDC2, but not PLD(1, is actively transferred to the tonoplast depending on its N-terminal
moiety. We hypothesize that PLDC1 and PLDC2 target different but consecutive compartments
along the membrane traffic pathway to the tonoplast via their N-terminal regions, and that they
function in post-Golgi membrane trafficking in partially overlapping, but still distinctive

manners.
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Proteomic approach to discovering specific inhibitors for bile-acid
interacting enzymes

Xiaoguang Lei Peking University

Bile acids (BAs) are important amphipathic molecules produced in the liver that improve
lipids digestion by emulsification. Bile acid metabolism and signaling have been gaining
significance due to the relationship between bile acids and diseases such as cancer, type 2
diabetes, cardiovascular, cholestatic and fatty liver disorders (Thomas et al., 2008). While
endogenous receptors for bile acids, in particular the nuclear farnesoid X receptor (FXR) and
the plasma membrane bound G protein-coupled receptor (TGRS) have been widely
investigated (Thomas et al., 2008), the biological significance of other bile acid-binding
proteins remains unexplored.

Our group in Peking University recently discovered more than 600 novel bile
acid-interacting proteins (Zhuang et al., 2017). In this project, we collaborated with the Uesugi
group in ICR for analyzing those bile acid-interacting proteins and for discovering small
molecules that selectively block the interactions. The Uesugi group of ICR has recently
developed a chemical library of bile acid analogues. Bile acid analogues have shown to
activate or antagonize known bile-acid interacting proteins (Thomas et al. 2008).

In 2020, our collaboration identified an immune receptor X as an unprecedented bile-acid
binding protein in immune cells. Intriguingly this highly important protein is not listed in the
600 bile acid-interacting proteins that we previously found in non-immune cells. Uesugi group
in ICR experimentally tested its ability to interact with bile acids and found that bile acids
physically associate with protein X. The photo-affinity probe of bile acids that was synthesized
in our group in Paking University was exploited in ICR for the demonstration of the
interaction. Biological significance of the interaction remains unclear at this moment, and
experiments using immune cells are currently underway.

It has long been known that bile acids and their metabolites modulate immune responses;
however their modes of action remain incompletely understood. Our findings suggest an
exciting possibility that bile acids are hitherto unidentified endogenous modulators of protein

X for controlling immune responses.
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Transfer of redox sensitive elements across the sediment-water interface in a
hypoxia area near the East China Sea

Pinghe Cai Xiamen University
Objectives: By working with Prof. Yoshiki Sohrin at ICR, this project aims to 1) quantifying
benthic fluxes of dissolved trace metals and 2) examining how these fluxes change with varying
redox potentials at the sediment-water interface in a seasonal hypoxia area near the Yangtze
River Estuary (China).
Experimental methods: Sediment and porewater samples were collected along a transect in the

East China Sea in summer 2020 (Figure 1). Exchangeable radium-224 (***Ra) and surface-bound
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measured using a RaDeCC system. Porewater L om

profiles of dissolved iron (Fe) was analyzed |

using an [CP-MS. Phosphate concentrations in o | 7::
acr |

porewater were determined as per the classic

AB152019 East China Sea
750 m

. . . ~ A B14-2020
colorimetric method. Oxygen concentrations Ay, “ - |} oo
. ®  Seawater
in bottom seawater was obtain using the o ‘5 r250m
Winkler titration method. rrr e e 126° :

Figure 1. Sampling stations in the East China Sea
Experimental results: Benthic fluxes of dissolved Fe estimated from 2**Ra/*?*Th disequilibrium
in the sediment show an increase with decreasing dissolved oxygen concentration (Figure 2). At
bottom seawater dissolved oxygen
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40

C8 C12 C13 B15 Y3

display a pattern similar to dissolved Fe.
Figure 2 Plot of benthic Fe flux vs. oxygen level
Discussion: Benthic fluxes of dissolved Fe are extremely sensitive to oxygen levels in the bottom
water. There is a tight coupling of dissolved Fe and phosphate, probably reflecting the dissolution
of poorly crystalline iron oxides in bottom sediments that releases dissolved Fe and phosphate

simultaneously into the overlying water column.

Outcome report : Not yet available.
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Application of artificial viral capsid to intracellular delivery

Kazunori Matsuura  Tottori University

There is increasing interest in the potential of functional proteins such as antibodies and
peptides that regulate protein-protein interaction (PPI) as biopharmaceuticals. However, when
these are applied intracellularly, it is essential to develop a highly efficient introduction system
into cells. On the other hand, our research group reported a 24-residue artificial peptide
(INHVGGTGGAIMAPVAVTRQLVGS) derived from the viral backbone forming (-annulus
structure [1]. We found that the peptide self-assembled in water, yielding virus-like nanocapsules
of 30-50 nm diameters. We also confirmed that the peptide assembly has a hollow structure by
small-angle X-ray scattering, and the N-terminal (present inside the assembly) and the C-terminal
(present on the surface of the assembly) of this peptide can be selectively modified with various
molecules [2]. The purpose of this study is to create a novel intracellular delivery carrier by
conjugating the B-annulus peptide with the intracellular delivery peptide HAad developed by
ICR partner researcher [3] and to evaluate their applicability to intracellular delivery.

As our first step toward this goal, a HAad-modified artificial viral capsid was prepared
that encapsulates the enhanced green fluorescence protein bearing a histidine tag (EGFP-Hiss).
NTA-B-annulus-C[HAad] which has a nickel-nitrilotriacetic acid (NTA) on the N-terminus
of B-annulus peptide and the HAad peptide conjugated at the C-terminus was prepared. NTA-
B-annulus-C[HAad] formed a nanoparticle having diameter of ~30 nm. Moreover, efficient
encapsulation of EGFP-His¢ was achieved in the presence of Ni**. Marked cytosolic
distribution of EGFP-Hiss was also observed to 74% of cells when HeLa cells were treated
with Ni-NTA-B-annulus-C[HAad] encapsulating EGFP-His¢ for 1 h. The above results
suggested the promise of the use of B-annulus-based artificial viral capsids to intracellular
protein delivery.

Our original plan included the invitation of Professor M. Ryadnov, the National Physical
Laboratory, UK to Japan. Unfortunately, due to the prevails of COVID-19, that was not possible.
However, we had a chance to have his lecture on web to discuss about the refinement of the

structure of virus-like nanocapsules and the possibility of collaboration in future.
[1] K. Matsuura et al. Angew. Chem. Int. Ed. 2010, 49, 9662-9665; [2] K. Matsuura et al. Org.

Biomol. Chem. 2016, 14, 7869-7874; [3] K. Sakamoto et al. Angew. Chem. Int. Ed. 2020, 59,
19990-19998.
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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 (ACS Chem. Biol. 2013, 8, 1894). We also reported that EpN18
also promotes membrane remodeling including lipid packing defects in cell membranes (4ngew.
Chem. Int. Ed. 2017, 56, 7644). However, a high concentration is required to exhibit a
pronounced effect. In this study, we demonstrate a significant increase in the
membrane-remodeling effect of EpN18 by constructing a branched EpN18 homotrimer. Both
monomer and trimer could enhance cell internalization of octaarginine (RS8), a cell-penetrating
peptide. The EpNI18 trimer, however, promoted the uptake of R8 at an 80-fold lower
concentration than the monomer. Analysis of the generalized polarization of a polarity-sensitive
dye (di-4-ANEPPDHQ) revealed a higher efficacy of trimeric EpN18 in loosening the lipid
packing in the cell membrane. Circular dichroism measurements in the presence of lipid
vesicles showed that the EpNI8 trimer has a higher a-helix content compared with the
monomer. The stronger ability of the EpN18 trimer to impede negative bilayer curvature is also
corroborated by solid-state *'P NMR spectroscopy. Hence, trimerizing peptides can be
considered a promising approach for an exponential enhancement of their

membrane-remodeling performance.
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Site-selective protein acetylation by a small molecule

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,
neurodegenerative diseases and cancers. Among protein modifications, acetylation and
phosphorylation represents the most critical PTM. In the present research with ICR, we
continued to collaborate with the Uesugi research group to design small molecules that
specifically acetylate or phosphorylate cellular proteins.

Our collaboration has already led to the discovery of a small-molecule acetylase mimic that
specifically acetylates Lys-100 of PGAMI1. The molecule, referred to as KHAc, has an acetyl
ester group as an acetyl donor. Together with the Uesugi group, we have checked the
selectivity of the molecule and found that KHAC is selective to PGAMI1 at the proteome level.
We have summarized the data which were published in ACS Chemical Biology.

To discover more small-molecule acetylases selective for a number of different proteins,
we screened a chemical library of 280 acetyl ester compounds. Each of these molecules was
incubated with cell lysates or even live cells, and acetylated proteins were analysed by western
blots with a pan-antibody against acetylated lysine. Unfortunately, any of the screening hits
failed to exhibited clear acetyl transfer reactions in multiple assays. We therefore decided to
design acetylation compounds for protein X, which has recently been shown as an important
immune regulatory protein that is controlled by acetylation. We have synthesized a number of
compounds and subsequently discovered a compound that is capable of transferring an acetyl
group to protein X in a selective way.

In the phosphorylation project, collaboration with Uesugi group allowed us to identify a
nitro-benzyl phosphate group as a donor of UV-induced phosphate transfer reactions in
aqueous solutions. We conjugated a nitro-benzyl phosphate group to drug A, a known inhibitor
of Y kinase. Such hybrid molecules may transfer a phosphate group upon UV irradiation. In
other words, this approach converts inhibitors to UV-dependent kinase activators. We are

looking forward to continued collaborations with ICR.
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Modulation of ferrimagnetic spin waves by electric field

Kab-Jin Kim KAIST

Objective:

The aim of the research is to study the spin wave of ferrimagnetic alloys.

Experimental methods:

For this study, we prepared ferrimagnetic films at prof. Teruo Ono’s group in ICR and measured
the electrical properties at KAIST. The longitudinal resistance as well as the transverse resistance
was measured by sweeping the magnetic field at various temperatures. To characterize the spin

wave, we also used Brillouin light scattering measurement technique.

Experimental results:

We investigate the spin wave handedness and magnetoresistance of ferrimagnetic GdFeCo across
the magnetization compensation temperature, 7m as well as the angular momentum
compensation temperature, 7a. The spin wave handedness was found to reverse at 7m and TAa.
The magnetic field dependence of longitudinal resistivity (pxx) shows opposite trends below and
above 7w, and the variation of pxx with B becomes more significant as the temperature decreases.

The transverse resistivity (pxy) of GdFeCo shows negligible field dependence.

Discussion:

The observed distinct spin wave handedness is attributed to the gyromagnetic reversal of
ferrimagnetic alloy. As for the unconventional magnetoresistance, we ascribe it to the
sperimagnetism of GdFeCo. We also reveal that, contrary to the recent reports that the transition
metal dominates transport of rare-earth transition-metal ferrimagnets, the Gd contribution to
magnetoresistance is comparable to the FeCo contribution, showing that the transport of GdFeCo
is antiferromagnetic. Our results therefore show that ferrimagnets are a convenient platform for

studying antiferromagnetic spin wave as well as antiferromagnetic spin transport.

Publication:
J. Park et al., Phys. Rev. B 103, 014421 (2021).
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Novel strategy for intracellular delivery of nanomedicines
Silvia PUJALS Institute for Bioengineering 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, Professor Futaki at ICR, Kyoto University is an expert on intracellular delivery

of nanomedicines.

The successful cytosolic delivery of nanoparticles is hampered by their endosomal
entrapment and degradation. To push forward the smart development of nanoparticles we must
reliably detect and quantify their endosomal escape process. However, the current methods
employed are not quantitative enough at the nanoscale to achieve this. Nanoscopy is a rapidly
evolving field that has developed a diverse set of powerful techniques in the last two decades,
opening the door to explore nanomedicine with an unprecedented resolution and specificity.
The understanding of key steps in the drug delivery process — such as endosomal escape —
would benefit greatly from the implementation of the most recent advances in microscopy.
Therefore, we have made discussions on the possible design of ideal nanoparticles based on our
understanding on the current status of the use of nanoscopy for endosomal escape
quantification.! Alternatively, Futaki and coworkers developed delivery peptides potentially
applicable to cytosolic delivery of nanoparticles.>* Studies are underway by merging the above

insights.

References

1) T. Andrian, R. Riera, S. Pujals, L. Albertazzi, Nanoscale Adv., 2021, 3, 10-23

2) K. Sakamoto, M. Akishiba, T. Iwata, K. Murata, S. Mizuno, K. Kawano, M. Imanishi, F.
Sugiyama, S. Futaki, Angew. Chem. Int. Ed. 2020, 59, 19990-19998.
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Revealing exciton quenching mechanisms in thermally activated delayed
fluorescent devices

Lian Duan Tsinghua University

Organic light-emitting diodes (OLEDs) have become popular in the commercial products such
as smart phones, flat-panel displays and solid-state lightings. For further practical applications,
one of the challenges is to realize both high efficiency and excellent device lifetime for blue
OLEDs, especially at high brightness. Recently, thermally activated delayed fluorescence
(TADF) emitters have been reported, showing high device efficiency comparable to
phosphorescent OLEDs. This is because TADF emitters have small single-triplet energy gap
(AEst), and therefore can convert non-emissive triplet excitons to emissive singlet excitons via
reverse intersystem crossing (RISC) process. However, the lifetimes and efficiency at high
brightness of the blue OLEDs are still far from satisfaction from the point-view of practical
applications and guidelines for efficient and stable blue TADF OLEDs are still rare.

To overcome the above problems, we have developed efficient and stable blue OLEDs using
a TADF compound to sensitize a fluorescent dopant, known as TADF-sensitized fluorescence
emission (TSF). In this process, the triplet excitons generated on the TADF sensitizer can be up-
converted into the singlet ones through RISC process, from where the energy will be transferred
to the conventional fluorescent emitters through the long-range Forster energy transfer. Our
group have successfully achieved TSF-OLEDs with the external quantum efficiency (EQE) over
20% even at high brightness by combining the sterically hindered fluorescent emitters to avoid
the unfavorable energy transfer from triplets of the host and TADF materials to that of the
fluorescent emitters by short-range Dexter energy transfer (D. D. Zhang et al., Adv. Mater. 2018,
30, 1705250).

It is well known that the major degradation mechanisms in OLEDs are triplet-triplet and
triplet-polaron annihilation. These processes originates from Dexter energy transfer from the
triplet to triplet and the triplet to the polaron. Thus, the use of TADF emitters with very fast RISC
rate constant as sensitizer is expected to suppress these processes and thus simultaneously
improve the efficiency roll-off and lifetime of OLEDs. On the basis of the above concepts, we
have conducted the collaboration work with Kaji group to develop highly efficient blue stable
OLED:s.

In this year, due to COVID-19 related difficulties, our group and Kaji group have
independently advanced researches: our group have developed efficient and stable deep blue
TSF OLEDs by using wide-energy-gap TADF materials as sensitizer (D. D. Zhang et al., Adv.
Mater. 2020, 32, 1908355) and Kaji group have reported a new TADF emitters exhibiting
ultrafast RISC rate constant around 107 s™! (Y. Kusakabe, et al., Front. Chem., 2020, 8, [530-1]-
[530-9]). We now plan to further improve the efficiency and stability of our blue TSF OLEDs by
adopting the ultra-fast RISC TADF materials developed by Kaji group. We anticipate that a
breakthrough in blue OLEDs can be achieved by our continuing collaborative work, which is
highly desired for both academical and industrial fields.
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Fabrication of nanotopographical polymer surfaces for bactericidal

properties-I11

Maya Endoh  Stony Brook University

Introduction. Surface topology is of great interest to develop bactericidal surfaces in place of traditional

chemical-based approaches that are often toxic to human beings and environments. A key aspect of

bactericidal properties of nanopatterned surfaces is the larger the stretching degree on nanopatterned

surfaces, the better the bactericidal efficiency. The so-called stretching theory [1] predicted that the

stretching degree of Escherichia coli (E. coli) and Pseudomonas aeruginosac (P. aeruginosac) strongly

depends on the geometric parameters of nanopatterned surfaces (i.e., pillar size, pillar height, and

interpillar spacing). In this research, we aim to develop a new paradigm of designing a nanopatterned

polymer surface to control a bacteria-polymer surface interaction.

Experimental Method and Result. We demonstrate that the PS
nanopillars with a height of 25 nm, a diameter of about 40 nm, an interpillar
spacing of about 60 nm templated using self-assembly of a cylinder-
forming polystyrene-block-poly(methyl methacrylate) (PS-block-PMMA
purchased from Polymer Source Inc, Myps= 45,900 g/mol,
My pmma=138,000 g/mol, polydispersity (Mw/M,)=1.16) on solid substrates
showed a bactericidal property against E. coli [2]. The viability of E. coli
on the samples was assessed using the BacLight Live/Dead staining kit
(Molecular Probes, Life Technologies, Carlsbad, CA), and examined with
an EVOS Microscope (ThermoFisher Scientific) using a standard green
filter set to image live cells and a standard red filter to image dead cells.
The results demonstrated that the PS nanopillars suppressed the amount of
E. coli adsorbed on the patterned surfaces by about 70% compared to that
on a 25 nm-thick PS thin film (i.e., a “flat” (control) surface) after 24 h of
immersion in a bacteria suspension. Notably, the percentage of dead cells
on the patterned surface was nearly 100 % (Fig. 1a), while more than 70 %
of E. coli adsorbed on the flat surface were still alive under the same
conditions (Fig. 1b). Fig. 1c shows a representative SEM image of E. coli
on the PS nanopillars. It is clear that the bacterium appears to be deflated
on the PS nanopillars, as the theory predicted, while the bacteria kept the
original rod-shape on the PS flat surface (data not shown).

References
[1]F. Xue, J. Liu, L. Guo, L. Zhang, and Q. Li, J. Theor. Biol., 385, 1-7 (2015).

(a)

Fig. 1. Fluorescent microscopy
image of (a) the PS nanopillars and
(b) the PS flat surface after 12 h of
immersion in an E. coli suspension.
Red color indicates dead bacteria.
The scale bars represent 100 um.
(c) SEM micrograph of E. coli
(located near the center) on the
nanopillars. The bacteria deflate on
the nanopillars.

[2] Y. Morimitsu, D. Salatto, N. Jiang, M. Sen, S. Nishitsuji, B. M. Yavitt, M. K. Endoh, A. Subramanian, C.-Y. Nam,
R. Li, M. Fukuto, Y. Zhang, L. Wiegart, A. Fluerasu, K. Tanaka, and T. Koga, Macromolecules, 52, 5157-5167 (2019).
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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 develop novel
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spectroscopy (BDS), rheometry, and small angle X-ray
scattering (SAXS). Experimental Results. Homopolymers of poly(butylene oxide) (PBO),
poly(propylene oxide) (PPO), and polyepichlorohydrin (PECH) were characterized by BDS and
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and epoxides PO and ECH were also synthesized. Block and | Figure 2. Architecture control

statistical architectures were produced and copolymer structure was confirmed via diffusion ordered
spectroscopy (DOSY). Finally, architecture was tuned through the development and utilization of a
bi-functional and four-armed initiator. Figure 2 shows the architecture control. In the future, we will
perform surface initiated polymerizations of these polymers from silica nanoparticles and investigate
conductivity properties. Publications. An article entitled “Aluminum-based Initiators from Thiols
for Epoxide Polymerizations” co-authored by the PI and his ICR partner researcher Prof. Ohno was
accepted to Macromolecules (doi.org/10.1021/acs.macromol.0c00464). Another publication based on
the work above is in preparation to be submitted in March. My student, Ms. Niloofar Safaie, will
present this work at the April meeting of ACS, held virtually, with a talk entitled: “Aluminum-based

initiators from thiols for epoxide polymerizations.”
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Structural and functional analysis of the surface glycolipids of outer
membrane vesicles released by bacteria

Maria Michela Corsaro  University of Naples Federico 11

Objectives:

Outer membrane vesicles (OMVs) secreted by bacteria to the extracellular space play important
roles in intercellular communication, pathogenicity, defense, and so on. The group of the ICR
partner researcher (Prof. Tatsuo Kurihara) recently isolated a new bacterial strain named
Shewanella vesiculosa HM13, which produces OMVs carrying a single major cargo protein
named P49. Disruption of wzx, which is located in the vicinity of the P49 gene on the genome
and codes for a putative flippase involved in oligosaccharide translocation, caused
mislocalization of P49, suggesting that P49 interacts with the surface glycolipids of OMVs. The
objective of this work has been the isolation and the structural characterization of
lipooligosaccharides obtained from the constructed wzx-mutant.

Experimental:

Dried cells and OMVs from the wzx-mutant (5.1 g and 81 mg, respectively) of S. vesiculosa
HM13 grown at 18 °C were extracted with phenol/chloroform/light petroleum (PCP) method to
recover LOS with a yield 1.9% w/w from dried cells and 19% w/w from dried vesicles.
Polyacrylamide gel electrophoresis (PAGE) was performed with sodium deoxycholate (DOC) as
detergent, as reported (Casillo, 2019). All the chemical analyses and NMR spectra were obtained
as already reported (Casillo, 2019).

Results:

After PCP extraction of cells (wzx_c) and OMVs (wzx_OMYV) from the wzx-mutant, both crude
extracts were analyzed by DOC-PAGE, and the results compared with those of cells (wt_c) and
OMVs (wt_OMV) from S. vesiculosa HM13 wild-type (Di Guida, 2020). No differences related
to electrophoretic pattern appeared among the four samples. The samples were then treated with
hydrazine and, after that, with 4M KOH, obtaining the corresponding phosphorylated
oligosaccharides (OS). The 'H NMR spectral analysis and a comparison with those obtained
from wild-type samples revealed slight differences in the anomeric and carbinolic regions

between the samples from the wzx mutant and the wild-type ones.

Casillo, A. et al. Marine Drugs (2019), 17, 34.
Di Guida et al. Marine Drugs (2020), 18, 231.
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Construction of heterologous protein secretion system at low temperatures
by using cold-adapted microorganisms

Xianzhu Dai  Southwest University

[Objectives] Gram-negative and Gram-positive bacteria secrete membrane-enclosed
nanoparticles called extracellular membrane vesicles (EMVs). EMVs are involved in bacterial
survivability, such as intercellular communication, biofilm formation, infection, and defense
against bacteriophages. EM Vs also have attracted the attention of biotechnological industries for
their potential use as a platform for drug delivery system, vaccine development, and secretory
protein production. In this study, we used a hyper-vesiculating and cold-adapted bacterium,
Shewanella vesiculosa HM13. This bacterium isolated by the group of the ICR partner researcher
(Prof. Tatsuo Kurihara) secretes an S-layer-like protein, P49, as a single major cargo of the EM Vs.
This highly selective cargo transportation mechanism is expected to be useful for vesiculation-
mediated heterologous protein production and the development of surface engineered vesicles.
Here, to examine whether the P49-selective cargo transportation to EMVs is available for
secretory production of heterologous proteins, green fluorescence protein (GFP) fused to P49

was expressed in S. vesiculosa HM13.

[Experimental methods] A gene coding for GFP was fused to the 3’-terminus of the P49 gene
by homologous recombination using a suicide plasmid, pKNOCK-Km. The recombinant strain
was cultured at 18 °C, and distribution of the fusion protein in the insoluble fraction of the cells,
the soluble fraction of the cells, the culture supernatant after removal of EMVs (PVF), and EMVs
was analyzed by western blotting with an anti-GFP antibody. As a control, the recombinant strain

producing GFP without being fused to P49 was constructed.

[Experimental results and discussion] GFP without being fused to P49 was detected only from
the cellular soluble fraction, whereas GFP fused to P49 was transported to EM Vs, indicating that
P49 can function as a carrier to deliver the fusion partner to EMVs. On the other hand, P49-free
GFP was also detected from the EMVs of the recombinant strain expressing GFP fused to P49,
suggesting the occurrence of an unexpected proteolytic cleavage between P49 and GFP.
Regulation of this putative proteolytic cleavage is supposed to enable production of P49-free
foreign protein by facilitating the cleavage. In contrast, it may be possible to obtain the fusion
protein with higher purity by suppressing the cleavage. These findings facilitate the application

of the EMV production and the vesiculation-mediated protein secretion of S. vesiculosa HM13.
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Molecular mechanisms governing gene expression regulation in plant
plasticity
Vicente RUBIO National Center of Biotechnology

Objectives: We focus to understand molecular mechanisms bridging proteolysis to pre-mRNA
processing in environmental adaptation. Plant plasticity is obtained by orchestrating numerous
spatiotemporal gene expressions. CULLIN4 RING ligase complexes (CRL4) mediated
proteolysis has been associated to gene expression regulation. We at CNB-CSIC have revealed
that one of its subunit, DDB1, associate with DDB1, CUL4-Associated Factors (DCAFs) and
others, which directly bind specific targets to promote their ubiquitination and degradation. Dr.
Tsuge’s group at ICR works on another CRL-interacting complex, COP9 signalosome (CSN)
that binds mRNA processing factors. Here, we aim to reveal that, by maintaining accurate
levels of regulatory proteins through targeted degradation and transcription control, CRL4,
DCAFs, and CSN survey nuclear processes essential for gene expression regulation.

Experimental methods: Arabidopsis was chosen as a model to investigate CRLs, DCAFs, CSN

and their binding factors. 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. As a start, Tandem affinity
purification method and protein detection system, at CNB-CSIC was utilized to analyze
CFl-interacting proteins under different conditions.

Experimental results: CNB-CSIC revealed that Arabidopsis CFI 25a subunit interacts with CFI
25a, CFI 59, and CFI 68, suggesting, for the first time, that an intact CFI complex could be

formed in plants. Furthermore, we identified FIP1, which is involved in pre-mRNA 3' end
processing, and CSN subunit, which is involved in signal transduction, as CFI 25 interacting
partners. Based on these novel findings, the ICR group established knock out plants for CFI 25,
CFI59, CFI 68, etc. to further analyze in planta gene expression regulation. This revealed that
CFI regulates gene expression through regulating not only the lengths of 3' UTR but also the
diversity of the 3' ends in the isoforms of transcripts processed from the pre-mRNA. Further,
analyses are being conducted to comprehend the molecular mechanisms of this regulation.
Discussion: These results were unique and were due to the fact that this collaboration was
utilizing the plant system as a model to comprehend the 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 provide understanding for the general
platform for gene expression regulation via proteolysis and transcriptional regulation.
Publications: in preparation, “CFl 25 subunit of Cleavage Factor I is essential for
polyadenylation site determination and its diversity in Arabidopsis thaliana (L.) Heynh.” X.
Zhang, M. Garcia-Leon, V. Rubio, T. Tsuge et al.
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Formation of supramolecular complexes through a host-guest interaction
between cycloparaphenylene and azacorannulenes

Shingo Ito Nanyang Technological University

Objective

Supramolecular chemistry of polycyclic aromatic compounds has attracted much attention
because of the interesting structures and potential applications in material sciences. My
research group at NTU previously reported the synthesis of azapentabenzocorannulene (APC)
as the first example of nitrogen-containing buckybowls. In this collaboration, we aim at
studying supramolecular chemistry between APC and cycloparaphenylenes (CPP), which have
been developed and investigated by Prof. Yamago at ICR.

Results and Discussion

First, we have established an efficient method for large-scale synthesis of hydrogen-substituted
APC (Scheme 1), because it is hardly soluble in common organic solvents. We could obtain a
sufficient amount of APC by optimizing recrystallization and HPLC separation. Next, the size
and ring number of CPPs suitable for hosting APC as a guest molecule were investigated by
molecular modeling and theoretical calculations, which suggested that [10] and [11] are the
most suitable fit the core of APC. Therefore, hydrogen-substituted APC was mixed with [9],
[10], and [11]CPP and analyzed by NMR, UV-vis absorption, and fluorescence spectroscopy
(Scheme 1). The NMR spectra showed that there is no change in the chemical shifts of the
signals, which indicated that no intermolecular interaction occurred. Further investigation is

currently ongoing.

0 S NMR
+ — UV-vis
Fluorescence
Q O analysis
n
[O]CPP:n =4
[10]CPP:n=5
[11]CPP:n=6
Scheme 1

Reference
1) T. Nagano, K. Nakamura, Y. Tokimaru, S. Ito, D. Miyajima, T. Aida, K. Nozaki, Chem. Eur.
J. 2018, 24, 14075-14078.
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Research of multi-qubit diamond quantum processors

Marcus W. Doherty  Australian National University

Quantum communication and quantum computation are expected to establish a new paradigm
and advance our understanding of quantum mechanics. It is considered that they will provide
cryptography that can not be decoded and super parallel computation that is much faster than that of
ordinary computers. Besides these, technical issues intriguing questions concerning quantum
mechanical phenomena can be addressed. NV centers in diamond are significantly interested as a
candidate of a resource for demonstration and the realization of them [1]. It is because that single
spins can be coherently controlled [2] and electrically driven single photon source are realized at
room temperature (RT) in the NV center. In other solid materials such as quantum dot or

superconducting devices, those are realized only in extremely low temperature.

In this project, we would like to develop further this system with multi-nuclear spin qubits. We
discuss new architectures for enhancement of speed and fidelity of quantum processor by using multi-
qubits NV centers in diamond. We discuss the usage and production of isotopically engineered
diamonds for the enhancements of speed and fidelity of quantum processor. It is considered that
quantum communication and quantum computation will e.g. provide secure data encryption and super
parallel computation that in certain cases outperforms classical computers. The realization of them
has strong impact not only to science but also to industry and society.
Recently, we proposed a full model of multi-qubit diamond quantum processors and develop a
semi-analytical method for designing gate pulses [3]. This method optimises gate speed and fidelity
in the presence of random control errors and is readily compatible with feedback optimisation routines.
We theoretically demonstrate infidelities approaching ~107° for single-qubit gates and established
evidence that this can also be achieved for a two-qubit CZ gate. Consequently, our method reduces
the effects of control errors below the errors introduced by hyperfine field misalignment and the
unavoidable decoherence that is intrinsic to the processors. Having developed this optimal control,
we simulated the performance of a diamond quantum processor by computing quantum Fourier
transforms. We find that the simulated diamond quantum processor is able to achieve fast operations
with low error probability. We discuss the experimental demonstration of this method in this project.
References
[1] M. W. Doherty, N. B. Manson, P. Delaney, F. Jelezko, J. Wrachtrup, L. C. L. Hollenberg, Physics
Reports 528 (1), 1-45 (2013).

[2] P. Neumann, N. Mizuochi, F. Rempp, P. Hemmer, H. Watanabe, S. Yamasaki, V. Jacques, T.
Gaebel, F. Jelezko, J. Wrachtrup. Science, 320, 1326 (2008).

[3]Y. Chen, S. Stearn, S. Vella, A. Horsley, M. W. Doherty, New J. Phys. 22, 093068 (2020).

_79_



2020-80 ([EIFE)

Research toward stable NV centers at shallow region in diamond

Gopalakrishnan Balasubramanian  Leibniz institute for surface engineering

A negatively charged NV center in diamond is a versatile atomic-sized spin system for

remarkable applications in quantum sensing and quantum-information science. The reason is that it

has excellent properties such as long coherence times [1,2] and high sensitivities with nanometer-

scale resolution. By utilizing nanoscale shallow NV centers, applications for nanoscale imaging [3]

and nanoscale nuclear magnetic resonance were demonstrated. Furthermore, NV centers were

successfully integrated into photonic and mechanical structures, and in electronic devices, which

expands their versatility.

Toward these issues, Kyoto University group
demonstrates the extension of the 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 at a depth
of ~15 nm in phosphorus-doped n-type diamond [4].
The longest 72 of about 580 ps of a shallow NV
center approaches the one in bulk diamond limited
by the nuclear spins of natural abundant *C as
shown in figure. The averaged 7% in n-type diamond
is over 1.7 times longer than that in pure non-doped
diamond. Moreover, the stabilization of the charge
state and the more than twofold improvement of the
creation yield are confirmed. The enhancements for
the shallow NV centers in an n-type diamond-
semiconductor are significant for future integrated
quantum devices.

References
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Figure, Hahn-echo decays of NV centers in
undoped and Phosphorus (P) doped diamond
sampels. Echo decays of the longest and an average
length 75 in each sample are shown. The revivals
in echo decays are due to '°C nuclear spin
precession, which rate matches the Larmor

precession frequency for the '*C nuclear spin.

[1] G. Balasubramanian, P. Neumann, D. Twitchen, M. Markham, R. Kolesov, N. Mizuochi, J. Isoya, J. Achard, J.

Beck, J. Tissler, V. Jacques, P. R. Hemmer, F. Jelezko, J. Wrachtrup, Nature Materials 8, 383-387 (2009).

[2] E. D. Herbschleb, H. Kato, Y. Maruyama, T. Danjo, T. Makino, S. Yamasaki, I. Ohki, K. Hayashi, H.

Morishita, M. Fujiwara, N. Mizuochi, Nature Communications, 10, 3766 (2019).

[3] Balasubramanian, G., et al. Nature 455, 648—651 (2008).

[4] A. Watanabe, T. Nishikawa, H. Kato, M. Fujie, M. Fujiwara, T. Makino, S. Yamasaki, E. D. Herbschleb, N.

Mizuochi, Carbon, 178, 294-300 (2021).

_80_



2020-81 ([EEE)

Advanced iodine — mediated stereoselective flow electrochemistry
Thomas Wirth  Cardiff University

Objectives: We want to explore the electrochemical generation of iodine(IIl) reagents in flow.
The key requirement for a successful reaction generating and using hypervalent iodine
compounds in only catalytic amounts is the ability of electrochemical process to make selectively
the hypervalent iodine compound in the presence of the substrate. We propose to use a biphasic
reaction system which should be able to provide an elegant solution since the iodine(IIl) reagent
can be formed in one phase while the oxidation of the substrate occurs in the other. For this
approach we will develop iodine reagents with dual function as they will serve as the precursor
for iodine(III) but also as electrolyte.

Results and discussion: Due to the COVID-19 pandemic, Cardiff University was completely
closed for 4 months and then gradually re-opened. For the last 6 months (August 2020 — January
2021) our lab could only be occupied with 40%. Therefore, research is very slow, and we were
not in a position to tackle the challenging objectives set out in the proposal. We did some
preliminary work on fluorination reactions outside this proposal as shown in Scheme 1. This

work is still under investigation and not yet published.

substrate

0.1 M ag. NaOH
Tol-1 (0.1 M) §3H20|3 q
+

7HF+amine:CH,Cl,

(1:1 viv) 5 i

RF

Scheme 1. Electrochemical fluorinations of different substrates in a flow electro-microreactor.

We hope that our laboratory work can fully resume in summer 2021.
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Cation-7 interaction in enolate chemistry
Jonathan Clayden University of Bristol

Objectives: Our group and Kawabata’s scheme1

a)

groups have developed unique methods for
. . . Me @ . (&0 OK
asymmetric synthesis of unnatural amino K(NSiMes), :N.‘\CHZOMe 7
A

. . . N. SCOLE
acids with tetrasubsituted carbon based on Boc” " “MOM me” /| “coztay
. 1
enolate chemistry.!? The strategy developed t, (racemization) = 1.1 h (78 °C)

by Kawabata is characteristic in the enolate L1k imes Tacamization esisggy

intermediate with dynamic sp® chirality ¥

T ox
(Scheme 1). Recent interesting finding is that il :NN-CHzoMe /
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enolate B derived from benzyl ester 2 has a

2
~110 times longer half-life of racemaization t,,» (racemization) = 121 h (~78 °C)

compared with A derived from the

corresponding ethyl ester 1. The origin of [ 7

elongation of the racemization half-life of the | tsuo_ oum g 9 -
chiral enolate intermediate B was assumed to be \E%ez:i%o = L)
resulting from the enolate structure, in which (

axial chirality along the chiral C-N axis is e LY

e . . . . L cation-rinteraction — n
stabilized by cation-m interaction (Figure 1). ’

Our Purpose of this joint research is to clarify MOG-DILANIZEE+ECF 6-31.¥ Gy S-31GH FCM. THD)
the origin of resistance of enolate B toward racemization.
1) Clayden, et. al., Nature, 2018, 562, 105. (2) Kawabata, et al., JACS, 2013, 136, 13294.
Results and discussions: Density functional theory (DFT) calculations were performed for the
racemization processes of enolates A and B. The activation energy for the C—N bond (shown in
red in Figure 2) rotation of the dimer of enolate A was estimated to be 14.9 kcal/mol at =78 °C,
whereas that of the dimer of enolate B was calculated to be 17.3 kcal/mol (Figure 2). The
racemization barriers were well compatible with the experimentally determined racemization
barriers at =78 °C (14.9 and 16.7 kcal/mol for enolate A and enolate B, respectively). The distance

between the potassium cation of the enolate moiety and the benzene ring of the benzyl ester moiety
was shown to be 3.31 A (shorter than the sum of their Van der Waals radii:3.45 A) in the ground-
state of the dimer of enolate B, while that in the transition state of the C-N bond rotation
(racemization process of axially chiral enolate B) was indicated to be 3.82 A. These results suggest
that the stabilization by the cation-m interaction is more significant in the TS, indicating that the
origin of resistance of enolate B toward racemization is expected to be ground-state stabilization
by the cation-r interaction between the potassium cation and the phenyl ring.

Figure 2 enolate B dimer -
& ground state transition state
ad /,©
Q £331A
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Interdisciplinary approach to nanostructured materials for applications

Jean-Pierre Bucher Université de Strasbourg.

As the research activities were strictly limited in 2020, here we only include an ongoing
collaboration with the team of Prof. Jun Onoe (Nagoya University) which constitutes a first
step in the interdisciplinary project. For this project, Prof. T. Teranishi is our ICR contact.

The objective is to improve the energy conversion efficiency of organic solar cells by
studying the correlation between the photo-current elementary processes and the
nano-structural properties. The Onoe team macroscopically examines the external quantum
efficiency of organic solar cells made of a hetero-junction of donor (phthalocyanine or
porphyrin) and acceptor (Ceo) films, using in situ electrical field modulated spectroscopy. The
Strasbourg team on the other hand is using bottom-up fabrication capabilities of model donor
(D)/acceptor (A) interfaces and ultrahigh vacuum STM spectroscopy at cryogenic temperatures
to detect the spatial modification of electronic properties such as frontier-orbitals, ionization
energy and electron affinity in relation to the nano-structural properties such as crystallinity,
molecular orientation and environment.

Experimental results show that the local HOMO and LUMO features as detected at
interfaces by STM spectroscopy are very different from the ensemble averaging frontier
orbitals obtained by optical absorption spectroscopy. In particular, the proximity of an interface
or electrode has dramatic effects on the very first interface monolayers. Experiments
(Strasbourg) and DFT calculations (Nagoya) show strong hybridization of Ceo with ZnPc in the
buffer layer upon adsorption on Ag(111) thus highlighting the importance of boundary layers
where the A-D character is strongly perturbed. The anomalous behavior at the interface is
accompanied by a significant charge transfer from the Ag to the molecular complex. Two
papers have been published and one submitted prior to the iJURC project. Due to the epidemic

situation, no workshops or meetings could be organized.
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Relationship between chain orientation, amount of defect, and toughness of
glassy polystyrene materials

Quan Chen Changchun Institute of Applied Chemistry

Objectives: Polystyrene (PS) is a widely used thermoplastic polymer. Since its glass transition
temperature is much higher than the room temperature, it is usually used in the glassy state in our
daily life. Nevertheless, its brittleness has limited the potential applications on more occasions.
How to improve the toughness of brittle glassy materials is one of the most challenging subjects
in polymer science. In this study, we prepare the telechelic PS samples, and examine whether the
“anchoring effect” of the end groups would increase the chain orientation during flow, so as to

enhance the ductility of the samples that
are quenched directly after the flow.
Experimental methods:

Z
n
RAFT
—
Z HO/Y
i OH
—_—

Ho ~on

The telechelic PS vitrimer samples
were obtained from reaction of two
precursors, Precursor T and Precursor
C, in THF, where Precursor T was

RAFT
—_—
)
B,
9" o

0. (o] 0.
B B

THF

L, vitrimer

prepared via the two-step RAFT
polymerization, and Precursor C was - ho Q N
. . . HSMSH + /o P =
prepared via the click reaction, as o RN O e
shown in Scheme 1. @ O

Scheme 1. The synthesis route of telechelic PS vitrimer samples

Experimental results and Discussion:

Figure 1 shows the (pseudo-) master curves of storage and loss moduli, G' and G", plotted
against frequency, war, for the PS-T-9.1-C-x system, where T-9.1 means that Precursor T contains
9.1 functional end groups per chain on average, and x means a molar ratio between Precursor C

and Precursor T. The precursor chain (x = 0) shows a
typical Rouse behavior characterized by a Rouse power-
law region followed by the terminal relaxation,
indicating that this sample is unentangled. Increasing x
leads to the sol-to-gel transition, PS-T-9.1-C-x (x = 0.3,
0.4,0.9, 2, 3, 4) show clear plateau, where the amplitude
of the plateau increases with increasing x for x < 4,
meaning that they are above the gel point and the
network is densifies with increasing the Precursor
C/Precursor T ratio. The plateau modulus decreases with
increasing x from 4 to 6, indicating a reverse gel-to-sol
transition when the Precursor C is in great excess.

In the future, nonlinear elongational rheological
and mechanical measurements will be coducted in
collaboration with Prof. Yumi Matsumiya in ICR, Kyoto
University.
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Figure 1: Comparison of the linear viscoelastic
behavior of the PS-T-9.1-C-x samples, where panel
(a) and (b) shows the storage and loss moduli, G'
and G", respectively for x < 6 reduced at 180°C.
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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<I1. 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 by one order of magnitude. Accordingly,
quantification of background signal photon yields from the known atomic processes has been
further required, because we must subtract them from the signal yield in order to discuss the dark
components in the vacuum. We then have established a way to quantify background yields from
the surface origin in addition to the residual gas origin.

As the present status, we have succeeded to publish a paper on one of the search results to a
journal and we are now preparing for the next submission on the rest of the results. In addition, we
have developed an idea to extend the same method to the GHz-band and invented a concept of
stimulated radar collider. On this concept we have called a press conference in Hiroshima
University and the article has been published in Chugoku Shinbun. We summarize published

papers, a relevant invited talk and the press release during FY2020 as follows.

Published papers:

[1] Extended search for sub-eV axion-like resonances via four-wave mixing with a quasi-parallel laser collider in a high-quality vacuum system,
Akihide Nobuhiro, Yusuke Hirahara , Kensuke Homma*, Yuri Kirita, Takaya Ozaki, Yoshihide Nakamiya, Masaki Hashida, Shunsuke Inoue, Shuji
Sakabe, Prog. Thoer. Exp. Phys. 20120(2020) 7, 073C01.

[2] Stimulated radar collider for probing gravitationally weak coupling pseudo Nambu-Goldstone bosons,
Kensuke Homma* and Yuri Kirita, Journal of High Energy Physics volume 2020, Article number: 95 (2020).

Invited talk:

1] SEREREEEZAVEEERE~OSANT 7u—F - EBEERIENEA~BELEL0? -
AR EElE, SALKY: ELPH & 3 - — (2021.2.25)

Press release:

[1] https://www.hiroshima-u.ac.jp/research/news/60232
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Fine synthesis of polymer brash on ferromagnetic nano-platelet for
magnetophotonic LC

Yoshiaki Uchida Osaka University

In response to the rapid spread of automated systems everywhere like factories and vehicles, short-range
communication systems using visible light with optical fibers made of inexpensive polymers have recently
attracted attention. However, as the communication speed and the number of nodes incorporated in the systems
increase, problems arise with the interference between cables, complicated wiring, and the limit of flexibility
for bending. To solve these problems, fiber-free short-distance optical transmission systems are promising.

We have focused on the photonic structures of liquid crystalline (LC) phases: cholesteric LC (CLC)
materials with flexible one-dimensional periodic structures, nematic LC (NLC) materials showing strong light
scattering as random laser resonators, and whispering gallery mode (WGM) in an LC microsphere, where light
is trapped inside the sphere by repeated total reflection on the sphere surface. We expect that optical
transmission devices using these materials allow the remote control of light using magnetic fields. We have
already fabricated CLC capsules that work as three-dimensional laser resonators with three modes: WGM,
distributed feedback (DFB) mode and distributed Bragg reflection (DBR) mode [1]. Besides, we have
succeeded in switching the random laser action in NLC materials doped with ferromagnetic nanoplates by
using a weak magnetic field [2]. To synthesize such nanoplates, we have developed a synthesis method of
nanoplate dispersions using the LC phases as templates [3].

We focus on the stable dispersion of the ferromagnetic nanoplates in CLC phases to obtain ferromagnetic
CLC materials and the magnetic switching of optical elements that emit lights or receive lights. We have been
investigating the dispersion of solid magnet particles with polymer brushes into various liquid crystals. In the
previous year, we succeeded in dispersing the nanoplates in NLC materials, and we have been optimizing the
condition of the polymer brushes to disperse the nanoplates in CLC materials. Meanwhile, we investigated the
NLC droplets in aqueous surfactant solutions as laser resonators that could exhibit laser action at two different
wavelengths derived from their random mode and WGM. The two modes have been found to switch depending
on the excitation light irradiation position; it is the first example of the coexistence and tunability of the two
modes. The origin of the controllability is likely to be attributed to the correlation between the droplet diameter

and the lasing threshold.

References

1. Y. Uchida, Y. Takanishi, J. Yamamoto, Adv. Mater., 25, 3234-3237 (2013).

2. T. Naruta, T. Akita, Y. Uchida, D. Lisjak, A. Mertelj, N. Nishiyama, Opt. Express, 27, 24426-24433 (2019).
3.Y. Uchida, T. Nishizawa, T. Omiya, Y. Hirota, N. Nishiyama, J. Am. Chem. Soc., 138, 11031105 (2016).
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Study on the regulatory network of plant epidermal cell differentiation

Rumi Tominaga Hiroshima University

Introduction:

Plant epidermal cell development including root hair and trichome cells represent well-studied model systems
for cell-fate specification in Arabidopsis thaliana. Some regulatory factors have been shown to contribute to
this regulatory network. The CLAVATA3/ESR (CLE) plant polypeptides act as peptide hormones in various
physiological and developmental aspects in a diverse array of land plants. One of the CLE family of genes,
CLE14, is reported to induce root hair formation in Arabidopsis roots. Previously, we demonstrated that the
application of CLE14 polypeptide induced excess root hairs, and reduced the expression level of the non-hair
cell fate determinant gene, GLABRAZ2 (GL2) in Arabidopsis roots. In this study, we investigated the function

of CLE14 polypeptide in rice (Oryza sativa) and tomato (Solanum lycopersicum) roots.

Methods:
Root phenotypes of CLE14-treated 10-day-old rice and tomato seedlings were observed.
Real-time PCR was performed to analyze the expression levels of the OsGL2 and SIGL2 genes, i.e., homologs

of the Arabidopsis GL2 gene, in rice and tomato seedlings, respectively.

Results and Discussion:

CLE14 polypeptide treatment clearly induced excess root hair formation in rice roots. Unlike the result seen
in rice, the CLE14 treatment did not have a substantial effect on tomato root hair induction. Consistent with
the findings of Arabidopsis, we detected a significantly lower accumulation of OsGL2 transcripts in the rice
roots treated with the CLE14 compared with those of the control plants. These results suggested that CLE14
is functional in rice roots as well as in Arabidopsis roots, where it inhibits the expression of the GL2 homolog
gene OsGL2 and promotes root hair formation. Unlike the results seen in Arabidopsis and rice, CLE14 did not
induce root hair formation in tomato seedlings. However, consistent with the results from Arabidopsis and rice,
a significantly lower accumulation level of the GL2 homolog gene (S/GL2) transcripts was detected in the
CLE14 treated tomato roots compared with those of the control plants. These results suggested that regardless
of the root hair phenotype, CLE14 polypeptide can suppress the GL2 homolog gene expression in rice, tomato,
and Arabidopsis seedlings. Although further investigations of the effects of CLE14 polypeptide on crop plants
are required, the present study offers new insights into the molecular basis of CLE peptide signaling in rice

and tomato root epidermal cell differentiation.

N. Hayashi, et al., Plant Biotech., 36, 205-208 (2019)
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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 hOI‘rnOIleS that Typ|ca| ‘canonical’ SL (four rings)
. . . 0.0
regulate shoot branching, as well as being known to be rhizosphere CW; R=H; 4-deoxyorobanchol
. .- .. . . . R=0OH; banchol
signals that control symbiotic and parasitic relationship with Arbuscular kR 9 pF° s orobancho

o

&

Typical ‘non-canonical’ SL(two rings)
R

mycorrhizal fungi and root parasitic plants, respectively. SLs are

biosynthesized from carotenoids via a key intermediate molecule called @ P R=CH,; CL
0., R=COOH; CLA
carlactone (CL). In a model plant, Arabidopsis, CL is further converted ° '@f © R=COOMe; MeCLA

into carlactonoic acid (CLA) by a cytochrome P450 monooxygenase, Fig. 1. Structures of ‘canonical’ and
MORE AXILLARY GROWTH1 (CYP711A). We previously identified nom-¢anonical’ st

methyl esterified derivative of CLA, methylcarlactonoate (MeCLA) in Arabidopsis, and found that MeCLA
can interact with the Arabidopsis SL receptor protein, AtD14. On the other hand, CL and CLA were not able
to interact with AtD 14, suggesting that the methyl esterification step is critical to convert 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 possesses only 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 collaborating project with Prof. Shinjiro
Yamaguchi in ICR, Kyoto University, we planned to clarify the biological role of non-canonical SL using an
important crop, Tomato. MeCLA is thought to be a common precursor for non-canonical SLs, thus we decided
to identify the CLA methyltransferase in tomato (Solanum lycopersicum CLA methyltransferase; SICLAMT),
and analyze its biological function.

[Results] We have previously identified the Arabidopsis CLAMT. Therefore, we performed a BLAST
search with tomato genomic database using Arabidopsis CLAMT as a query, and found a candidate gene of
tomato SICLAMT. The cDNA of SICLAMT was cloned into a protein expression vector, and expressed using
Escherichia coli. We found that the cell free extract of E. coli expressing SICLAMT can convert CLA into
MeCLA. We also started to generate the Tomato SICLAMT knockout mutant by using CRISPR-CAS9 method.
We cloned multiple gRNA sequences targeting SICLAMT into a genome editing vector. We are going to obtain
the knockout mutant, and will clarify the biological function of SICLAMT.

[Publication] Mashiguchi K, Seto Y, and Yamaguchi S, Strigolactone biosynthesis, transport, and perception,
The Plant Journal, in press (https://doi.org/10.1111/tpj.15059)
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Analysis of phase equilibrium and molecular dynamics
in mixture of nematic liquid crystal and solvent

Ryoko Shimada Japan Women's University

Liquid crystalline (LC) molecules exhibit rich behavior when mixed with non-LC molecules, because the
free energy of the mixture is contributed not only from the LC free energy determined by the order parameter
O but also from the mixing free energy not directly related to 0.'? This free energy has been utilized to
discuss complicated phase evolution in LC/solvent mixtures.!” A characteristic feature of these mixtures is
the coupling between the LC free energy and the mixing free energy that allows the LC transition to trigger
the phase separation.  This coupling is expected to affect properties of the mixtures even in the isotropic one-
phase state, but details of this effect have not been well elucidated. This study attempts to resolve the effect on
the static and kinetic properties in the isotropic one-phase state for a mixture of 4-cyano-4'-pentylbiphenyl
(5CB) with dimethyl phthalate (DMP; wpwmp = 3.1 wt%). Pure SCB forms nematic LC at Tix = 35°C.

The DMP/5CB mixture separated into LC and isotropic phases at a transition temperature Tiv* = 27 C.
This Tin* is lower than Ty of pure SCB because of the mixing free energy contribution explained above. The
mixture and pure SCB commonly exhibited simple thermal expansion and the Andrade-type behavior of their
mass density p and kinematic viscosity v at temperatures 7 well above Tiv* and/or Tiv.  However, at T just
moderately above 7in* and/or Tinv (still in the isotropic one phase regime), non-trivial deviations from this
high-T asymptote were observed.

This observation is demonstrated in Figures 1 and 2 where the deviations Ap and A v are normalized by the
high-T asymptotes p*°hieh "and ohigh T and plotted against 7.  Filled and unfilled symbols show that the
materials were in the LC and isotropic one-phase state, respectively, and the circles with inner dot indicate that
the DMP/5CB mixture was phase separated into LC and isotropic phases. For pure 5CB, the positive
deviations Ap/p*° e T and Av/Vsohieh T in the isotropic state emerge only at T'in a close vicinity of Tix because
of the first-order nature of its isotropic-nematic transition. In contrast, for the SCB/DMP mixture, the deviation
emerges in a considerably wide range of 7 spanning almost 10K. This remarkable deviation is attributable to
the concentration fluctuation not existing in pure SCB. Namely, the fluctuation of the SCB concentration due
to a small amount of DMP (3.1 wt%) induces correlation between SCB molecules locates at distant points in
the mixture thereby enhancing the density and viscosity, as deduced from the statistical theory of Helfand.”
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Fig. 1. Density change of SCB and DMP/5CB mixture with 7. Fig. 2. Viscosity change of 5CB and DMP/5CB

mixture with 7.
Acknowledgement: This work has been published in J. Soc. Rheol. Japan, 48, 199 (2020).

References: 1) Araki and Tanaka, Phys. Rev. Lett., 93, 015702 (2004).
(2019).  3) Helfand, Phys. Rev., 119, 1 (1960).

2) Reyes et al, Soft Matter, 15, 6044
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Analysis of the physiological functions of extracellular vesicles produced by
intestinal bacteria and fermented food-derived bacteria and their
application

Atsushi Kurata Kindai University

Introduction:

The gastrointestinal tract is inhabited by a complex community of bacteria, the gut microbiota. The gut
microbiota and its host are exchanging various molecules, resulting in a complex interrelationship. The gut bacteria-
produced modulator toward host cells are not fully understood. Most bacteria release extracellular vesicles (EVs)
with the size ranging from 50 to 400 nm. The EVs released by intestinal bacteria may play critical roles in the host-
bacteria interactions. Against this background, the first objective of this study is to analyze functional characteristics
of EVs from intestinal bacteria and fermented food-derived bacteria. The second objective is to develop novel

expression systems for heterologous proteins using EVs-producing bacteria.

Results:
1. Functional characterization of EVs produced by intestinal bacteria
Lactobacillus plantarum isolated from human intestines produces EVs with the size of 50-100 nm. Proteins
of EVs were analyzed by LC-MS/MS. As the results, five kinds of lipoproteins were detected in the EVs. EVs
from L. plantarum stimulated toward Raw264 cells to produce IL-1, IL-6, and IL-10, and toward Peyer's patch
cells to produce IgA. The EVs and one of the purified lipoproteins from L. plantarum were recognized by human
Toll-like receptor 2 of HEK293 cells. These findings elucidated the relationship of Toll-like receptor 2 and the

lipoprotein of EVs as a novel modulator in the gut immune responses toward L. plantarum.

2. Analysis of regulatory mechanism for production of EVs

Shewanella vesiculosa HM13 isolated from intestinal contents of horse mackerel (Trachurus japonicus)
abundantly produces EVs and is considered useful as a host for production of heterologous proteins as cargoes
of EVs. It was revealed that production of EVs by this bacterium is enhanced by increasing the concentration of
lysine in the culture medium. A putative sensor protein with typical sensing and signaling domains was found to
play a major role in lysine-inducible EV production. This protein was also shown to be involved in lysine-
responsive suppression of biofilm formation. These results suggest that regulations of EV production and biofilm

formation of this bacterium share a common mechanism to sense nutrients in the environment.
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Observation of spin wave propagation in polycrystalline
YIG thin films prepared by co-precipitation method

Keisuke Yamada  Gifu University

[Introduction] Recently, Y3FesO12 (YIG) is one of the most prominent materials for spintronic device applications
that utilize the spin pumping and spin Seebeck effects with its low Gilbert damping constant a.. This paper reports
our latest experimental findings on the variation of longitudinal spin Seebeck (LSSE) voltage with microstructural
change in YIG films chemically synthesized onto a Si substrate as a function of annealing temperature.

[ Experimental Method] YIG-film samples were synthesized by co-precipitation and spin-coated onto Si
substrates. The samples were subsequently annealed at temperatures ranging from 1073 K to 1273 K for 0.5 hour
in an ambient atmosphere. Their structure and magnetic properties were characterized by X-ray diffractometry
(XRD), scanning electron microscopy (SEM), ferromagnetic resonance (FMR) measurements and LSSE
measurements. FMR measurements were performed at ICR of Kyoto Univ.

[Results and Discussion] The diffraction peaks associated with the garnet phase are observed in all the YIG
samples measured by XRD. When the annealing temperature 7, increases from 1073 K to 1273 K, the average
particle size <D> of the YIG crystals estimated by SEM increases from 50 nm to 68 nm which increases by 36%,
as shown in the left axis of Fig. 1. The areal fraction of voids v obtained from the SEM surface images is represented
in the right axis of Fig. 1. The values of v are in the range of 36 < v < 42%, it indicates that the v is slightly
dependence on the annealing temperature. The value of thermoelectric performance (TP) estimated by LSSE
measurements decreases monotonically with increasing 7, from 1073 K to 1273 K, and it decreases by up to 24%
(64%) in the YIG films with Pt = 5 nm (10 nm) (see Fig. 2). These results indicate the microstructural changes in
the YIG films by annealing temperature cause the decreased TP, which are corresponded with a reduced coherence
of the magnons in the YIG films. This result indicates that the coherence of the spin waves propagated in the YIG

films confirmed nanocrystal is affected on the magnitude of TP.

E‘ T ¥ T M T 100 . { . T y T
= 80L g <p> - 0% Pt[nm] |
A (@ v {0 < ° ® 5
g o0 { leo > € o004 ® . amn
> ; ¢ 60 5 S 09% ° i
© { 3 &
24 . o5 § § % lyp 8 o
g i | 5 0.02 A A i
$ 20, J20 2 _ A,
o - 4 A
<>t 0 . 1 . ) . 1 0 0 : | ; ) i |
1000 1100 1200 1300 1000 1100 1200 1300
Annealing Temperature T, [K] Annealing Temperature T, [K]
Fig. 1 <D> and v of the samples plotted as Fig. 2 Variation of TP with T,
a function of 7. for each Pt thickness.

[Achievement report] This research has been submitted to a journal as a manuscript which title is “Change of

longitudinal spin Seebeck voltage with annealing in Y3FesO» films formed by densely packed nanocrystals” .
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Giant exchange reaction from H to D terminating on
nanocrystalline silicon surface and their use

Takahiro Matsumoto Nagoya City University

The deuterium is attracting special interest for the manufacturing of silicon (Si) semiconductors, Si-

microchips and optical fibers as well as the synthesis of isotopically-labeled compounds. However, the facile

production of deuterium in a controlled manner is a challenging task.

In this collaborative research program (grant # 2020-97), we determined the surface-localized vibrational

modes for hydrogen- and deuterium-terminated n-Si using inelastic neutron scattering (INS) spectroscopy.

Because the determination of surface vibrational energies in the lower wavenumber region below 600 cm™ is

difficult using FTIR spectroscopy as the localized modes completely overlap the bulk Si phonon bands.

Figure 1 shows the contour plot for n-Si:Ho.1sDoss. In addition to the spectrum originating from the H

vibration (H2B), spectra are clearly observed at energy levels of ho = 67 meV (D2B), 60 meV (D1S), and 51

meV (D1B). These spectra and the energies are well described by
harmonic oscillators with the same force constant as H. Thus, the
energy levels of Si-D vibrations can be expressed as El.(D) =
(nl@) +1/ Z)hwi(D). Here, we note that the scattering cross
section of the H atoms in the INS measurements is more than 10
times larger than that of the D atoms (Osca(D)/Csca(H) =
7.64/82.03); therefore, despite the lower concentration of H
atoms (<10%), the Si-H mode results in an intense S(Q,hw)
spectrum, as shown by the H2B mode.

By determining the energy of surface vibrational modes for
both Si-H and Si-D as shown in TABLE I, we found that the
physical mechanism responsible for this enrichment originates
from the quantum resonance between the bending modes of Si-

deuteride and n-Si phonons.
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Figure 1. Localized vibrational modes for n-Si:D
obtained by INS spectroscopy. B and S denote

bending and stretching modes, respectively.

TABLE I. Surface vibrational energies for Si-D and SiH. The values are given in meV.

Bend1 Bend?2 Stretchl Stretch?2
SiD 51 67 60 190
SiH 59 79 61 261
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Anomalous Hall effect of ultrathin Pt films grown on magnetic oxide
Taro Nagahama Hokkaido University

Introduction: Recently, Spin Hall effect has been utilized to generate pure spin current, in particular, Pt is the
most important element due to large spin-orbit interaction which is the source of the spin Hall effect.
Additionally, Pt is well known as the material which exhibits a large magnetic proximity effect. It is purely an
interface effect based on exchange interaction between magnetic and non-magnetic material, which could
cause novel spintronic phenomena at the interface.

In this study, we investigated the magnetic proximity effect and anomalous Hall effect in Pt/CoFe;O4. As a
result, the anomalous Hall effect was observed, which was sensitive to the interface states significantly.
Experiment: The films were grown on MgO(001) substrates by the molecular beam epitaxy (MBE) method
with the base pressure of 8 X10® Pa. The film structures were Al,O3(0001)/Pt(111)/ CoFe;O4 (111). The
epitaxial growth and the surface morphology were confirmed by reflection high energy electron diffraction
(RHEED) and the crystal structures were investigated by X-ray diffraction (XRD). The anomalous Hall
measurements were carried out in the cryostat.

Results and discussions: Results and discussions: By the Hall measurement of Pt(2nm)/ CoFe,O4 (50nm),
anomalous Hall effect that followed the magnetic hysteresis of CoFe,O4 was observed. Since CoFe;Oy4 is an
insulator, the AHE is considered to be originated from the electric current in Pt layer in which small magnetic
moments were induced by the magnetic proximity effect. To see the interface importance, we prepared the
samples with and without CoFe of 0.5nm (1~2ML) and post oxidation. The AHE of the samples is shown in
Fig.1. For the sample with CoFe and post oxidation, clear AHE was observed, on the contrary, no AHE was

observed for the sample without interface treatment. In

the CoFe>Os deposition process, the Co and Fe were — T

o . 0.2+ w/ CoFe post oxidation
deposited in an oxygen radical atmosphere, therefore, the at inter?ace
oxygen layer could exist at the interface between Pt and 0.1F -~
CoFey04. The interface oxygen layer is considered to
00F ~— _

disturb the proximity effect, meaning that the direct

ApPpye /nQ2 cm

ol |

w/o CoFe post oxidation

exchange between Pt and the Fe and Co ions is important.

Publication and Conference: 1. S. Nodo et al., "Voltage -02+ 1
Control of Magnetic Proximity Effect and Anomalous _1'0 _'5 0 5 1'0
Hall Effect in CoFe;O4/Pt Bilayer by Ionic Liquid Magnetic field / kOe

Gating" APEX, 13, 063004 (2020). 2. S. Nodo et al., Fig.1 Anomalous Hall effect measurement
"Voltage Control of Magnetic Proximity Effect and of Pt(111)/ CoFe,Os4 (111) films with or
Anomalous Hall Effect in CoFe,O4/Pt Bilayer by Ionic ~ without CoFe deposition and post oxidation
Liquid Gating" 65 th MMM, online. at the interface.
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Study on electronic and magnetic behavior of perpendicularly magnetized
cobalt ferrite films

Masaaki Tanaka Nagoya Institute of Technology

The spin-filtering effect where the spin current is generated using the electron tunneling through a
ferromagnetic insulator is one of the candidates for the spin injection method. It has been reported that
magnetic insulator CoFes.(O4+5(CFO, 0<x<1) films grown epitaxially on MgO (001) substrates with
nonmagnetic metal TiN buffer layers have large perpendicular magnetic anisotropy (PMA)[1], which means
that they can be applied for PMA spintronics devices. In this study, the spin-filtering effect of CFO films with
PMA was investigated.

TiN (20 nm)/CFO (x=0.53, 3.5 nm)/MgO (1.0 nm)/CoFe (1.5 nm)/{Tb/Co}, (13 nm)/Pt (5 nm) films
were prepared on MgO (001) substrates using the pulsed laser deposition and electron beam deposition
technique. CFO films were grown at the substrate temperature of 300°C in background oxygen pressure of 6.0
Pa. The magnetic tunnel junctions (MTJs) with a junction diameter of 6 um were fabricated using
photolithography and dry etching by an ion-milling method. This microfabrication was carried out at ICR,
Kyoto University. The current-voltage and 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. Figure 1 shows the magnetoresistance of the
MTlJs at 100 K at the bias voltage of 70 mV. The tunnel magnetoresistance (TMR) effect caused by the
magnetization switching of CFO and CoFe layers was observed. The TMR ratio was about —10 %, and the

ratio of the spin-polarization caused by the spin-filtering effect of the CFO layers was about 18%.

Reference

[1] K. Naruse, M. A. Tanaka, K.
Nomura, T. Taniguchi, S. Honda, T.
Ono, and K. Mibu, J. Magn. Magn.
Mater., 475, 721 (2019).

Resistance (MQ)

Magnetic field (kOe)

Fig. 1 Magnetoresistance of the MTJ at 100 K at the bias
voltage of 70 mV.
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Rh U7z, X ORGEEIE T6 L—H —UL 2 (FWHW-5 pum) 236 L, HARAZ BT T v Ml ~o L —
P—HERAETHD Z RGN D. A ROEAFKT e vy 7 3L ——T T4 A FEEO~—F

YT RIZAERIO TEA LT,

(2) BEEADRETEBFARIILA—S(ESM) 1L :

tEASRIE EEASR1-E

{LZEAFZE T (R EBOED DO W 715245 T, MeV A — X D Ww”m[www{ I
TALF—BEFEHUNTIET AT b A—5 B 1 . |
(ESM) 2 L7z, REARIEORER (B 25H) . K . e L— Rt E

EBFOGRAT 5 BSW L3[R — O TR T Ol 1 LU OYREAKO BEFEMBER, £X
PNHIEFRETH D = & AR L, 0K (L) 5 A, A EEL— — R
El LoD F =5y b ~OBBERLIT VT gy Aok R Bt e oz
ﬁﬁbtﬁ% By RO Lifi & A0l ol 7 [\ T ESM

2 R % AR O [RIREH E 23 AT RE 72 U BT & 3% &
ﬁ%®@ﬂ%ﬁoto;ﬂ%%%iiﬁmiﬁ®ﬁﬁ .
BFFE (REs) Cla, (1) @) T LT=2 =7 > M2 @y gesli Esm ORBAEHRR. BREBTO
ESM % fHV = T6 L— P — I R A EE T ch 5,  DHREEER.

SEXE . AR, KRR, AR5, WOEE, miEh, 5FEE, mmELr—3%—=L
WSS —7 y P EOMAERICE 2B RVT—BE ST A~v/ERE FZOR_HED —F o
LE—, BA®PLISZ 2020 EFKFE RS, 2020.9.8, online

.LJ_IJ_LlI

g._l
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HERREE O/ R b U ATMEIZ BT B B E OB RERRAT
BPTPE R

[H0] THERRTSEE) 1INFREE 2 RETIHRES 0 X2 TH D, WSO T L3 — Lk #ERE
# (ADH) &7 V7t RHiKERESE (ALDH) B85 L, XU 77 XAAfEKT= % /) — V2 HE &
U CHEBE D AEPE SN D, FERIIE B PICIZIEEEMICER S L, D THROGIETEEZ R 303,
FERR B X R B OFFR LT F COAEB A FREL THOMADEFA N =X L EH[ L TN D,

FERE B OO FE AR B & IS I BRI S D B ONDH T END, TD 1 DL LCHER
P ONEREE O3 FHERENE B ST & 72, BFREMIIE AT 218210 5 B 50%LL L4 5
DHEELGBREY VIEETHD, FTHARATZ 7 FUNaly (PC) BEWHERTEME S, FE
FATH DOFEE A N L AMEA~OB SRR ST b,

% Z CHEBEE B 3K PC KA A MHEFR Z I K » TIERIL L, ZORBIZ M35 2 & &2 A%
DHWO—DE Uiz, —Ji. BiEFHEEOMRMEE CRICEERFRE R Y VIR IXEE ST e,
T, BERREBMOBR CEBT O VIREAH LML, TOAMNEREMAT LI BE
L7z,

[ 51k - A5 R] WFZERIGIZIE, Acetobacter JENFFE T O —FE T d % Acetobacter pasteurianus SKU1108
% I\ 7=, Phathanathavorn © D 575 [J. Biosci. Bioeng. (2019) 127, 690-7] (26~ T, RA 7 7 F UL
T ) —)LT I V-N-A T NVIEEERESR (PmtA) 7 32— RTS8 a2 RIS H, SKUL108 BREH K
PC RIEE (Apmtd) ZAVERLU7T-, FEBRIT PC 3R L TV DX, 5538 Lo Apmed #R)> B L 7=
IR 2 TLC BB+ 2 Z & THER L7z, i\ T, PC REME 4% D> % ) —/b, F721F 0.4%DHE
Bk GLobs i CHEAR L, TORBIMAMNT LTz, ZORER, Bk L I LT Apmtd BRIZEFRRAAE
TTCEHELWATERBIEZ R LT, —F5, =& ) —/AFLE T TlIApmd #£ bR REEEARECTH D . £F
FEE b BIE E B EV 2= o T, ULEDORERI G, PC IIHEE S SUCHEIER I S5 AT
\F 2 WERR 69 2 BB AE T B B LTI U | AR O FFRRFEBERECHERE T O FE T B Y N AEET D
FERR 39 D IS ITIERE 5 L 72 W 2 & AV RIB Sz,

SKUL108 ¥k % 4% D= % 7 —/Lt L < 1F 0.4% DFFFR G AR HITERAE L 15 O 72 IR D B IEIRE
A U7z, e T, M L72iEE % TLC JRBIL., 7'V 20 U REA I UIREm & 0L
7o &V VIRBEITRASRE Y CERIEICK Y ER L EHEROBEY UIREMS A E I LT, T ORER.
0.4% DFEFRIFAE T TIX AT HIIM Lo 1o B L L TPC OLBHM LTz, ZOFERNE S,
PC MEERR 5T 2B ICEE 5 LT\ D Z eV R iz, —J, 4%Dx X ) —VAFIETF (Il
FERIESAET) Tl MR Lo GE LI L CRAT7 7 F U= ) —)L T 2 (PE)
DHRPEEI LT, L L, Lile FERICHEFRRAS X 12K > TER L 72 ADH KRR TIX, =%/ —
VEAREHITREZE LT PE OGRS bieinoTo, LLEORERNG | FEREREEOIBEE TR
HEREY VIFEILPE THDH Z EARB ST,
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v — X DK ER DOARA & REEARIT X 5 FKBHIEH#E

fills R PESEBANIE AW ERT

F I ARDVKE T TREIMICOZ VL RWRIEN HIUE, HK, HHB. SR EKPMFET LB
REWIT 5720, Mhx REESBTIISHATE 5, EAERE LR ~—#HPREBEICT 77 FEh
o3&k, RIEAR Y ~—7 7 (concentrated polymer brush; CPB) 1%, 1KV VIKFEMREE N R D &
W T EGFIRH Y . BE - Bika—T 4 v T ~OISHICHIR R b Ton b, EHIX, R
AT O HEEIZ S & & iz, BIKYE CPB WERIZEIT 2 /KOs m EFEE O i 2 X LT,
mERERGIR FBEIZ OV EES (HP-SI-ATRP) (2 & 0 JRESBUKME CPB 2 G L. 77 il
IZBIT DKRORZEERBERTE (DSC) 2T LT, TORRER, 77 PHNEOKO/fEE — 27 12k
K32 EHEEIND, —30CHHEDOWREE — 7 28 Lz, Ziud, BKME CPB JBNEIZIHIT S
KOWBBENE R Slc, —H. 7T 7 =i EDF 7 MEHZ X 2 KB R B EFRE SN D,
FEROF I Bt LTevm—AF ) 77 43— (CNF) NEHSHTEY ., ZOHKME CPB #
HERRIC X 2 OKEZIE R B RE O A B X BUBRER W, ABFSE Cld, CPB K 112 5- L 7= CNF (CPB
75 CNF) z#{ER L, KB REOAIRZ HiFT,

FEB (1) CNF OfFfL ko —2 (AARKME KC 7 v v 7) % N-methylpyrrolidone (NMP)

TS, ERAAR—L IV 5 2 LT ONF 2ER L7z, (2) EABBAOEA 2
bromoisobutyryl bromide (1.5 % #&/O0H) & pyridine (2 % &/0H) ZRM L, Ar FZPHK T, il —&
RIS SHE D 2 & T, BltGEEA CNF (Br-CNF) 215372, _3) 75 7 Mk RumPAWIETHBENI7 ¥
71 /VE A (SI-ATRP) 1£I1Z X 0 BLKMEE 7 < — (poly(ethylene glycol)methyl ether methacrylate (PEGMA)))
DT 7 FEAICH LT,

R - B2 K, CONF £~ CPB 5
1%, TOKH TR L 72 CNF Z FE K &
BL-RIC, BKRMFFTEAMWBETHD
2-bromoisobutyryl %38 A5 KIS0 6 hHw
D05, TEIEE R R B O UG & 00y B TR
EMEETHD, REQRPETH -T2, K
WFFETIE, FEKBIETH 2D NMP 1T OE 2
R 2 ik Ar T & 2 A AHERS 20nm FREE (X

=AY SRYERI TR DN FE =, = A : | ;
1) OEs B CNF BRI Hivle, 20 Figure 1. FE-SEM image of CNF prepared in NMP.
MWMIRE RO IS I L 728 2 A, 2-

bromoisobutyryl &4 = EHLE 2D E B CEARRETH D Z L3, FI-IR HlEFIC K iR S iz,
F 72, SI-ATRP 1|2 & Y #1EHHHE 7R PolyPEGMA 7' 7 ¥ % BAFICE A T & 7=, AAFZECTHE LM
BHIE KB IEREOBHFIC T T 20D L MfF SN D,
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EAYEY RO/ L-OVICBIT A2REEED NV FLLER

HEBR  SRKF

[#=]

FAXEY RPOHE—%EF - ZZAEGE (NV) PIXERL 2 ©URE R O 2 E 3 5, i)
B AR R E ST, NV L TIRE A E U E2RRICBO ORI - BfETE 28 Th 5, 0
H—2vr27u—7%L L, BH—=NVHLZHWeERE o, Eht o, mEEHIZEL T, i
B BN BN 2 SN TE 2, NV FLOE CHISHICEBO T, NV FTEER Lozt /
LAV DEWEEIRIZHFE L TWA Z EREE LY, LML, T/ LV TORAMIETIEH, B L
THE 2 2 EAPRIEDS — 1S L7z NV OEMIREPANLEIT/RD 2 &0, A a3t — L X
OFERFIEIC VB HEENE LK T T 572, BERRRTREBERDH D, ZORKROF /17
BmD—> & L CRMEA T O TR XA DI ENREZ SN D, ARETIE, RERO D
BEPE R g DD TH 72N EF L~V TOREFHL S 2 W5 Z ik 2, REMASHT /7 L
JLDEN NV HUMER A B L7z,

[E8r & R R

HAYXEL RIZBWT, 2% CVD &St a9, &+ pm WHOERBIZBWT, i1 ~r
T7 Ty NMeREAEFFORBIZERT 52 LR TE D, BT 72 RAD\RESCHREIFITBIT 2 BHRE
FEORIBOLMEH LA, HESL—VHEBEICL > TiTo e, BAITFETF LUV EHE o TS &
ZLNDEMICENT, =Ygl Lz, 22 TARy FOBRNASE— NV Ll & Bbh 583001348
BB SN2y, dEBRE S L7 O NV UL E 0 b 1 HHE ET o 7o, ARERE CHOE IR L T L
£ 9720, B TIZ ODMR /L ZHIE, PL A7 FARIERENV ThH Z & ZFEHTE 5HE
WEBLL TV WS, TOEBUCEITE#ERZMKE L T o, FBEE LT, B e RmMFR% % i L CF
RHREREITO, TNHOHEEZ BfEL TV 5,

Fro, HEMFFERE L LT, AT RLVA MREARICE D A a2 b — L > AREH OHTEV O B
bz EZH L, e W GRERE R LD FGENIE 2T o 12[1], A VE PO NV HubiE, Ml
NS DIRES3AT DR — MR A IR E B LIC K » Tl & il 2 Sh B Ml o A B BE DA FRIC B 1
HEEEEREE Y E LCORHABEREINTWSD, £72. Aulter-Towns Splitting (ATS) L2 L Y
AR LT LR MIREETITHESS / A R X 2 R ARB OO ELZFIIL<RZY, ak—L R
RN R 22 2 LB, BEEL U 7B T 2 mBEERI IR S D, Al Fx 38Rk
W—TTERLT=, 258D NV P b7 d 7 o 7 ARORENT ATS 1EIC LY KL MIRREZ £
AL, T OIIBE LR OBERGFMELZIE Lz, LA MRIEOHLEE R OB EZ(EAHR & 1 TES
ITERNTF LI, FLA MREBOEEE L LCoFAEEZ R L,

[l Rt ]

[1] mfriet, I TFEE, & Fobs, BEEIES, KK, Emnst David Herbschleb, i FHAR K, /KiEFEFM.

68 [l ICHEL A HEYN#HS, 2021 F3 H 18 H

—109 -



2020-110
HA¥EL RO N BLR VY OEKBEE & EKE0EH
WO RRE  PESE TR ATFIERR

(5] #1 YvEL FHROBEEXTH HEF - ZZHEAK (NV) Fulid, BRSNS B2V T
WRFEAKE IHIZAT AL, ERTZRER G2 SN TE T, FRIT, NV FbEEFRF oA e & LT
AR EWAEY yabe — LU R (Ty) 222 SRV EVERENEBL L, B, B, HE,
JEA, pHZR EDOEBE R & L TRAW ST COISHMF SN D,

[ 28 &) "

NV P BRI A i v & Lo A I S T 105 Standard
VBB WRORTE LTI, BRI Y 4TIy method ¢
LURIES D D LRSS D LA ot AL K S 08 éﬂ
AR D R B AL AR B MR A DY, ZhE A X E &L :
ENWEDT VTV ALK HEEETHZ EI2ED, mvE gﬁw éy :
FEAHERS LoD, KIS 1 NV DS BOT TR 3 NG :
WOFAF Iy s LU DEERLE (K1), chutii— g1 | D :
NV OOERE KB SREEEHE Y. 2k |60, Our algdrithm
Thb, Flo. SV ABRORR D UL A RSN E B A DY L

102 10% 10* 10° 108 107 108
7oA CiE, BERFINIT T3 2 B DRAFIEDS T HL T ORR SR Range (nT)

EBALEDICHLRONDMEROBE SN, FHHICHLY g1 mees (55) EEEOFED
o TOEs, AREAIZZORARICONTHEY 2 b= wo ax) ohmE fmRE &
Va iRV BBROMAEIT o7, AEBRULCFEIIMD gpmrsmmcsmisF /525 0T)
BBV HICHbEATE, B o EEE, BREE

MEFF LoD INIT 72 A RO RIE, B F o bOSHRELZINT 2R e LTHIff SN D, E72, WES
S & ORIOHEAEH ORE SITREC R E <AKFET D72, AR s TR E 22 1 O fEls 2 N 5

LlTbORnD WIS,

Flo. TNETEBRZA—TREM LI n A A YE FRONV F.LEHNT, BE—NV XA ¥
Ty RE BV CHRAREBSEEZEZI L TR, 4R Vo R—7nlZ A YEL RIZA 4
HEAZAT > TER L7 NV LD To 28, F—=7 L TW W EEHIZE U TER L72 NV .00 T,
ICHRELS D 2 E B EIEL 2], A A EAEITREFT 2 NV FUERICEE 2 HITCH 0 | ko
FHICE S TEETHD, £7/o, BRREFIEREORRELE L DL ENTE, [3]

[ R ]

[1] E. D. Herbschleb, H. Kato, T. Makino, S. Yamasaki, N. Mizuochi, Nature Communications, 12, 306 (2021).

-
—

[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).

[3] T. Makino, H. Kato, M. Shimizu, M. Hatano, N. Mizuochi, Semiconductors and Semimetals, 103, part 1,
Chapter 5, Pages 137-159 (2020). Edited by C. Nebel, I. Aharonovich, N. Mizuochi, M. Hatano, Elsevier.
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4-va ) - U RS T
(BFBIRE T VAL s DB %%ﬁ

(A IE:E  SEHORSE
[BAY]
Fox IAREREZBELC, JImDICEsTRHEIN-Er ) P ) DUt (4-PPY) Ofil

BHEREIC OV T T LV CERT 5 2 L2 AL LTHIE [ o ; L o )
D CTE=, ZHETIZ, (1) WERT V74 —LD )tl/N & Q{N\:/U\OR
BTENERIN T 2 b, (2) 1L5-~F Y o A= Ot Ar O[%jo N
W7 b, (3) 4/ VT 2 - 1,T-~FH o U — D Nl
AFIRFET b, (4) B-L-Z N a—ZFHERIIHT 5 4 R = CgH1r

[ERIREGE ) 7 2 IEIC W CEFRIRE 24T > T 0 | A4E Ar = 2-Naphtyl, 3-Indolyl
FEIE 4-PPY OARIEHEREIT S\ TR L7, 4-PPY

[RER - B

(1) ~ (4) {IZ2WT, 4-PPY DT AT NN 2 AT IV ATV E L, BBEKMIZ AcO % H
WIZFHRET M K o TEBRRE (TS) OB EZIT, WTNLOHE b ERFEICAEBLI-FHHEE
REafFle, FAERMZ 5 2 5 TS @O0l LR s LT 4-PPY O X M & IE ORd A A (NH
FE° OH &) & DRITIRVKFFREEDIER L TWD, EHICEMEZR#EA L LT, = AT VR
BIRMEA » RU LR/ ED 4-PPY EOBEHILE OMICKE-EE Ry NT—7 2HHETHZ LI
LoT, TSELEILLTWDZ ERNmnoTz, 4-PPY WA T RN TRE8kEEIL. O RE/
fRBER DKFERE S F > T — 7 ORMAERICHRE L TRY | TS M2 iR+ 5L, 7k
95 OJR 1 LRk E COHBHINSA TH D Z LR mrodz, EBRICH ., BLimi) oG E
TOREBENRK 5A L2 5 EICB WU b EOBRMENARILT S Z LR RB ST 5, Zhi
4-PPY O LAKHIBIRE DS SLARBE H Cld e < 3 FRliIc S 2 L AR L TER D DOWFFE %8 LT,
IR FHEOMM & LT, TR K2R ED TS OZEMNENTH D Z LW yhrol,

HO NHX 4ppy HO NHX
D e
HO M Ac0  acO M

e e

1 (X = SO,Ph) (E)-2
4PPY
(2) HO>">"0H ———> AcO” > "OH
Ac,0
3 4
HO\$yR%/OH ™ AcO ,iy \OH
3\ /3 Ac0 W
5 6
RO RO
0 o e oo
HO 7OH e  Ac,0 HO i £ OMe
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BINARFORE 2B L 5 A F BRI R R —RRE ST RIE D
A

ARILTLE  THERF

RROFEAKILFPICECT, ) =V FRATAFTAT IR M) =i n 7 KIGHRIC X %
PIRSEEE AR T O RIBL O e R EEECH 2, HiEE L. ST CICERERMmME in i A B
FOGH & 75 2 FiEE il 2 7 FEAORIEPIR IR L T & 2, Fric, HREREKE2HT 2%
F—I v HEHEANBE = v FEAY OGRS L. ShZ2 M L @R LAY O E#E T
I AL RS ZEEREICSIC ZIERM L 72(0Org. Lett. 2012, 14, 946, Chem. Commun. 2015, 51, 2273,
Chem. Commun. 2018, 54,4258), —7J7. IRl =2 v FLEWZ A L 7z = F v F A # IR R FE — X
FEAEAT G IR EETH 5, TN ETOHETIE, BEEE BB SRR 2 M e + 3
RIGHIRETH Y BHRIE 7 V) — G AFKF KB ATERIS IR RO CTH 2, AWET
. B R A E G A RS 28R A T 7 — 2Rl L 2 AF RS AT UG IC X 5 Ml
WS AT SOG % WRET L 72,

~ 2y BT < Intermolecular C-C Bond Formation >
T/ EeoiAElL PhlOAS)
Ph CO,Et

Ph—, COEt or KHMDS :
7z N-BOC(I\/IOM)?7 T/ @L{ Bom + ph_|®_ph ﬁéL BO(Q{R (@)

MOM S/ R OMAOMPh)
os =OAc,
(1) ZFELLT, V7% ! on 2
< Intramolecular C-C Bond Formation >
N R RICENGIS TN Ph CO,Et
F¥ra—FPxvevk COMH PQ%C%B mCPBA ACOH i lilll)
N . _ HN' H 2
YT INI—=FZT L ppinyiianine N\, 1)mCPBA, BFzELO /] @
\ | 2)PhB(OH), P
;[;E w ﬂq W 7= OLﬁZ Tk b F 3 (1) = I(OAC),, IPh™BF,)
4
. N Ph CO,Et CO,Et
ALk a7V — ik Ph—, ~COEt 02 Ph g 02
fes Py OO0 Boc_P/H Phi(OAc), Boc—_P{H /:jl @)
= - - E H,N H - MeOH o
%f 7> 7’:‘ Cl: e 5 E E/j @,ﬂ:‘ L—Phénylalanine \\Q\OH ° 0
7:42%
aYQe) x5 srHEPTE 7S B & CRRT 3 P -,

motz (M1 -RK1), £/, 2 FHNBLKICDERTH 2 BIFETili 2 ¥ LAY OB OGS
BT o720 HIBEARQ) ZRINICAK T 2 A TE b D0, RIET 2 BE Tl =2 ¥ F LAY
2B2ENATE Aok (H1-K2), 510, 72/ —ABREEDY T Foa—Fry

VIS X BT ERE AT L 72 & 2 A0 HDILAP(6)I35 2 FHATE FIc, Av T/ v (7)
2 R%INETHEO N (M1 —33), KWHFERT 27-01C, 51 ¥R EMAZTT I,

—7i. B afEaime A 357 =) v BRI v RORIMIIEE A L. (7 & FF2)N-
RYVANVNNRAFN2-T I = FRVEYDEITHK °>\_Ph
%Fkoé%KICQﬁmﬂﬁm“kiwﬁy7ip®? Y mem&e W%I>
BB TNT S/ LRIEE T o/ & 5, SUtEFie © T T eer .
ETL, B e a ) & v BRO) BB TR DN g, wamrmsosemminss = cosmss i o o

(2),
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Studies on the enantioselective total synthesis of
marine natural product bohemamines and their derivatives

Tomoyuki Yoshimura Kanazawa University

Bohemamines A (1) and C (2), which contain tetrasubstituted carbon in the pyrrolizidine framework, were

isolated from marine Streptomyces spinoverrucosus strain SNB-048 (figure)." Compound 1is thought tobea

biosynthetic intermediate of spithioneines A (3) and B (4), %\;b %\;b
N\ N N\ N

>\NH NMES

which possess an amino acid, L-ergothioneine. Although g g \/,j
cozf
o o . . « e, boh: A1 boh C (2 ithit A3
significant biological activities of 1-4 have yet to be /g moh® / Bohemamnect Shihioneine B (@) X = 80

reported due to limited research, L-ergothioneine has attracted attention due to its relationship with chronic
inflammatory diseases such as rheumatism and Crohn disease. Compounds 1-4 have potential for discovering
new biological activities against inflammatory diseases. To synthesize bohemamines and their derivatives, we

initially planned the synthesis of bohemamine A (1).

The synthetic studies on 1 began from  (Scheme

1) Lawesson’s reagent
0\}\ 3 MsCI EN 0\}\ ) Mel o2 QJ’\
. 2) Cy L o LT 3)eBuoL 8) CHaNOp, FPENEL S\ I Meli
chiral lactone 5 (Scheme). Amidation of 5 [ )"° “se, gemes T‘D — G N?\ WO
5 Bn” o Bn” —758“19/, THF

) Ha, Pd(OH)g/C

1) SnCly, PhSH, \l\ Boc,0 Q _O\‘\
O\‘\ Et;N OHC., ¥/> |sopropyl propiolate N

with benzylamine and subsequent mesylation

afforded sec-alcohol. Then intramolecular b A0 BN {;’q/ o
/N 3) Co,(CO)g, EtsN Bn” 3) Dess Mamn OX. ~
. . . . Bn"g = then H,0, MeOH 4)Phy0,250°C  iPrOC 19
cyclization with inversion at C (4) gave lactam 72% (3 steps)
. . Oy OH  butio O , OH
6. The lactam was converted into nitroolefin 7 BiCly o _EtN R OTS oo 1
CHCNH,0 N\ N_ /' 84% NN/
. . . . . 63% B )
by thiolactamization, formation of sulfonium FPIOC 11 PO 12 *

salt with iodomethane, and condensation with nitromethane. Stereoselective construction of tetrasubstituted
carbon was achieved by convex-face selective 1,4-addition reaction of MeLi to nitroolefin 7. Treatment of
nitroolefin 7 with MeLi in THF at —78 °C followed by the addition of acetic acid gave pyrrolidine 8 in 81%
yield as the sole product. Reduction of nitro compound 8 into oxime followed by O-acetylation of the resultant
oxime and hydrolysis of O-acetyl imine provided aldehyde 9. Aldehyde 9 was converted into pyrrolizidine 10
in four steps: 1) change of the N-protective group from benzyl to Boc, 2) addition of the propiolate ester at the
aldehyde , 3) oxidation of the resultant sec-alcohol, and 4) cyclization under high temperature. Deacetalization
of 10 with protic acids such as HCI and TFA was problematic due to stereoisomerization of 11. By contrast,
deacetalization with BiCls gave diol 11 in 63% yield. Regioselective tosylation of diol 11 gave tosylate 12 in
84% yield. The conversion from 12 to 1 is currently being investigated.

References

1) Fu, P.; MacMillan, J. B. Org. Lett. 2015, 17, 3046-3049.

2) Suh, H.; Wilcox, C. S. J. Am. Chem. Soc. 1988, 110, 470-481.
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BARRERIR « KE A A~ 2 DS EFM PR~ O RAYEBIE OB %

REHE RREWESLERIRY

BHr:

WRAREFE X, AVF=E xS oMHEY (RTu4 FE) 28R L. LAHRETTO FT-
ICR MS #EZ 5 Z Lic X b, Mo CREafiFae (EE2MERE 100 /1) 50 7 B &
B, R, A XYV IR 2 T2 9 F2EL Tw b, X, AFKREHONABEMEY o
LT R B b2 SOG 2T, OCTIRORIERZE L 2, JEAOEIRMEL., ko, ST (K
K4 SEM B152) L XL GBI 2 EEAR MR L 72, REEIX, b oFERICMA T, Ao
FH K CH 3 Lignin, Cellulose ZED 4 A —2 v A AIBER, BEM FT-IR 4 2 — ¥ v 7" E&
FROMEFEEIT S 2 e X b, AR « PR EZ T > T 2 FHERREANA A~ 2 ERTH
5 AXED NLTHEMAM 2 5 HRLEMEEEITOWIFRICGEAT 2 2 L 2HME LTiTo 7
ERAE ERER ER:

ARAEFEL H72 I FT-IR A X — 2 v ZEERR OEEZ T KM O FE S TH % Lignin,
Cellulose, Hemicellulose D & &%, 2 ¥ O AKOWIHNIC B\ T & B8 & o i % 17 - 72,
A FARE (UM O AROWIH O ABEMEYI A (15um &) Z{EH L T, FT-IR ® ATR %, &
BT, RMOFEERSTH 2 Lignin, Cellulose, Hemicellulose D #7572, X, BEM FT-IR
B (HARZ Y IRT-7200 © fm 22 fiFRE 1 um) & FvC. 50 um ZE[E] o fifRE CIAMER. M
DIEFRAIE % &L 400 um x 1200w m Pl (50um /D FT-IR A2 b % 8 X 24 A ¥ %
V) OEEY FT-IR 4 A =2 v ZIE (E#ik) %177 - 72, Lignin (1265.1cm™, 1511.9cm™).
Cellulose(+Hemicellulose) (1029.8 cm™, 1160.9cm™, 1103.1 cm™, 1153.2 cm™). Hemicellulose
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Osamu Hatano, Masumi Hayazaki, Akie Hamamoto, Hiroshi Takemori, Hikaru Takaya,

Takafumi Shanoh, Ken Ohnishi, Masaharu Nakamura. CLEM imaging of rhododendrol-induced

leukoderma in zebrafish and catalytic oxidation of Japanese cedar wood. ABIS Symposium:

Forefront and Future of Electron Microscopic Imaging. Feb.14-15, 2020 Okazaki, Japan
Armouti M, Winston N, Hatano O, Hobeika E, Hirshfeld-Cytron J, Liebermann J, Takemori H,

Stocco C.  Salt-inducible Kinases Are Critical Determinants of Female Fertility.
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Determine the three-dimensional structure of *C labeled o-synuclein(61-95)
in the Langmuir-Blodgett film and supported phospholipids bilayers by
pMAIRS FT-IR

Chengshan Wang Middle Tennessee State University

A. Objectives:

1. 3C 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 1*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 '3C 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 *C labeled a-syn(61—95) at position 93G on Si substrate was put in the
pMAIRS accessory and the IR beam transmitted trough the sample.

C. Experimental results:

The 13C labeled a-syn(61 —95) was synthesized and purified. Figure 1A shows the n—A isotherm
of the *C labeled o-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 '*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', 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 is 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 cmt. 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 13C amide I
transition moment, the tilt angle of the axis of a-helix at 93G is also ~0°.

0.0009 1

w
(=]
|

g

= o 4_
% 5]

- 20. T

5204 g (B) g0 0006

5 = E

1] ®© 0 =

9] c 2

2 ks £0.0003 1

2 104 a <

3
€ O 4 Sor 1659
A 0.0000 A

0-
T T 1 T T 1 T T 1
100 200 300 400 500 200 220 240 260 1800 1700 1600 1500
Area, A?/molecule Wavelength, nm Wavenumber, cm’

Figure 1. (A) Surface pressure-area isotherm of the 3C 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
method for membrane proteins in monolayer structure with residue resolution by pMAIRS, which

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

E. Publication.
One paper about Figure 1 was submitted to Colloids & Surfaces B- Biointerfaces. Positive

comments was received and the revision has been submitted for the final decision.
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Hydrophilic dendrimers as additive for polyvinylidenedifluoride
based membranes

Mona Semsarilar University of Montpellier

This project is a collaboration between Dr. Mona Semsarilar from University of Montpellier

(France), Prof. Shigeru Yamago and A/Prof. Yangtian Lu from University of Kyoto (Japan).

Objectives:

The aim of this project is to prepare porous polyvinylidene difluoride (PVDF) membranes with
hydrophilic character for water filtration. PVDF is hydrophobic and incompatible (immiscible)
with all other polymers apart from polymethyl methacrylate (PMMA). PVDF is normally
blended with hydrophilic polymers in order to confer hydrophilicity to the prepared membranes.
However, due to the immiscibility of PVDF with other polymers this method would result in
membranes with inhomogeneous and short-lived hydrophilic character. To solve this major
problem in preparation of hydrophilic PVDF membranes, the idea here is to synthesize an
amphiphilic block copolymer where one block is a linear hydrophobic PMMA or PVDF
(miscible with the membrane forming high molecular weight PVDF) and the other block is a
dendritic hydrophilic polymer. The linear PMMA or PVDF block will fully blend with the high
molecular weight PVDF and allow the homogeneous dispersion of the hydrophilic polymer

segments within the PVDF matrix.

Experimental methods and results:
As per the original design of the project, Prof. Yamago’s team was in charge of synthesis of the

a) Synthesis of E7,E15,E31. amphiphilic dendritic block

R1

EA .
/;oza GOEt /' TeMe copolymers are prepared using
TeMe  AIBN (0.2 eq) n TeM ..
. 60°C, dark s Th] o TERP controlled polymerization

R'=CO.Cats (Figure 1). Up to now, a library of

/LTeMe /COZCZHS copolymers. These block
vT

b) Synthesis of D7, D15, D31 six polymers (fully characterized)
)\ CON(Me),
TeMe ) R2

have been prepared (Table 1). Now
COLE VT DMAA CO,Et R? TeMe . o
Neve  menoaen a second library containing three
TeMe AIBN (0.2 eq) n TeMe
CTA 60 °C, dark o .
“ 3 RE other block copolymers are in the
R?= CON(Me),

Figure 1. Synthesis route of a) hyperbranched ethyl acrylate (HB-PEA: E7, E15, E31), b) hyperbranched course Of belng prepared-
N,N-dimethyl acrylamide (HB-PDMAA: D7, D15, D31).
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Meanwhile the French team has been studying the blending properties of the synthesized block
copolymers with the high molecular weight PVDF used for membrane fabrication using
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). The block
copolymer samples that gave better blends (samples D7, 15 and 31) with PVDF were used to

prepare the porous membranes using solvent/ non-solvent phase inversion method (SNIPS). The

Table 1. Characterization of HB-PEA and HB-PDMAA.

Sample Composition ratio ~ Generation M, (theo) (X~ M (sEc) (X
D Mogmats) (x10%)

number  [VTJ/[EA/DMAA] (G) 10%) 10%)

E7 7/475 3 5.0 3.7 1.71 6.5

ElS 15/479 - 52 33 1.73 6.4

E31 31/475 5 53 2.6 1.93 6.8

D7 7/475 3 5.0 44 1.73 52

D15 15/479 4 52 3.5 1.98 5.6

D31 31/475 5 53 1.9 1.82 53

performance of the resulting membranes were verified via a dead-end filtration set-up. Currently,
aging tests are being performed to evaluate how long the added copolymers would stay in the
membrane matrix. In the next step, the same sequence of experiments will be carried out on blend
samples that would be prepared using the polymers currently being synthesized in the team of

Prof. Yamago (the second sample library).

Publications:

The start of this collaborative project was March 2020, which was coincided with COVID19
pandemic. As in both countries (France and Japan), travelling were banned and in France
universities were closed for long period between March-June and October-December, 2020, the
proposed tasks in the project could not be carried as planned. Despite these restrictions, we
decided to start the collaboration and do as much as we could in each team (with some imposed
modifications) and exchange samples via post. This has affected the progress of the project
vastly. Up to date we have managed less than 50% of the work initially planned. Regardless of
the unfortunate circumstances, both partners are enthusiastic about the project and are committed
to carry on with the collaboration and take the project to completion. We are positive that during
the course of 2021 we will be able to complete the study and prepare an article based on the work
performed. We hope that we would be able to present this joint work to the scientific community

in the next coming year.

—118—



2020-117 (FEE)

Resolving percolation dynamics responsible for mechanical reinforcement in
polymer nanocomposites under uniaxial stretching

Tadanori Koga Stony Brook University

Introduction. The addition of nanoparticles (NPs) to a polymer matrix impacts the mechanical properties of
polymers, leading to a significant increase in the modulus (“reinforcement”). Understanding the reinforcement
mechanisms is necessary to improve the design of advanced polymeric materials in the future. There is growing
evidence to suggest that mechanical reinforcement in polymer nanocomposites (PNCs) occurs when NPs with
polymer chains adsorbed (physically) on filler surfaces percolate over large length scales [1]. At high NP loadings,
the bound chains are expected to adsorb on more than one NP simultaneously, resulting in “bridges” that effectively
transmit the stress from a weak and deformable polymer matrix to a strong and hard filler. A critical, but unanswered
question in the relatively mature field arise: What are the effects of external stimuli on the structure-dynamics-
property relationship? To tackle this, we propose to use a model PNC where silica (SiO2) nanoparticles can be
dispersed in a (poly(2-vinylpyridine) (P2VP) matrix with filler loadings up to 27%. The model PNCs are subjected
to uniaxial elongation at high temperatures above the glass transition temperature of P2VP (T, ~ 105 °C). We aim
to understand the structures and dynamics of filler network in the melts using small-angle X-ray scattering (SAXS)
and X-ray Photon correlation spectroscopy (XPCS), mapping them out as a function of temperature, stretching ratio,
filler loading, filler size, and molecular weights of the matrix polymer. However, due to the COVID, all allocated
SAXS/XPCS experiments under uniaxial elongation at National Synchrotron Light Source-II (NSLS-II, USA) had
been cancelled since March 2020 (until at least Aug. 2021). Here I summarize the preliminary XPCS results for the
model PNCs without uniaxial stretching.

Experimental. SiO, NPs with an average radius of Ry = 9.1 nm was dispersed in a P2VP matrix with molecular
weight M,, = 38 kg/mol (we hereafter assign it as P2VP38k). A series of PNCs with increasing volume fraction of
NPs (¢ =0.01, 0.06, 0.16, and 0.27) were prepared by dropcasting and subsequent solvent evaporation [1]. SAXS
measurements were also conducted at 160, 170, and 180 °C at Beamline 11-BM of National Synchrotron Light
Source-II (NSLS-II, BNL). The details of the SAXS experiments have been described elsewhere [1]. Temperature
dependent XPCS measurements were conducted at Beamline 11-ID, NSLS-II at three temperatures of 160, 170, and
180 °C. A partially coherent X-ray beam with energy of 9.65 keV (wavelength of A = 0.128 nm) and unattenuated
flux of 3 x 10! photons/s was used. The beam size was approximately 40 um x 40 pum (full width half maximum).
Results. The collective NP dynamics in the P2VP matrix are investigated with in-situ XPCS to measure the local
motions of “markers” (i.e., SiO2 NPs which have a high X-ray contrast with the polymer) over a wide range of ¢
space (g = 0.05 — 0.4 nm™") and timescales (10~ < ¢ < 10* s). The XPCS intensity-intensity autocorrelation function
g2 is calculated from the intensity of pixel variations in the time series of the speckle patterns collected during the
measurement. The experimentally determined g»(g,?) is fit to a Kohlrausch-William-Watts (KW W) type exponential
in the form of Eq. (2) with a relaxation time, 7, and stretching exponent, «. The Seigert factor (B), which depend on

the experimental set up, and the baseline (c¢) is additional fit parameters [2]:
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g-(q,t) =B <exp (—2 (E)a)> +c, (1)

An example of dynamics resolved by XPCS in terms of g»(q,?)
and the fit with Eq. (1) are shown in Figure 1a for the PNC
with P2VP38k. Here, g> is normalized by B and the baseline
for clarity (g2 — ¢/B). Over the limited amplitude (vertical)
scale probed in the measurement (shown on a linear scale in
Figure 1a), the correlation functions decay on an observable
time scale and can be reasonably well fit to Eq. (1) with a =
1 ~ 1.5, It is likely that @ = 1 can be justified for the ¢ =
0.01, 0.06, and 0.16 samples regardless of ¢ used in this study,
while compressed relaxations (a > 1) are seen for the
P2VP38k samples at ¢=0.27.

From Figure 1b one sees that the 7 values for the P2VP38k
samples increase with ¢. Figure 1b also shows the ¢
dependence of 7 for the P2VP38k series at 180 °C. For the
dilute P2VP38k sample at ¢=0.01, one sees T~q~7 (q is the
scattering vector) with y = 2, which corresponds to a simple
diffusive motion. We found that the collective dynamics
detected by XPCS in the dilute NP limit tracks the self-
diffusion of individual NPs coated with the bound polymer
layer (the thickness is about the radius of polymer gyration)

embedded in the viscous polymer matrix.
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Figure 1. (a) Representative XPCS data for
the P2VP38k samples at representative g =
0.23 nm! and 180 °C. The solid lines
correspond to the best-fits of Eq. (2) to the
data. a=1 for ¢=10.01, 0.06, and 0.16, while
a=1.35 for ¢=0.27. (b) Relaxation time 7 vs.
q for the P2VP38k series at 180 °C. The
dotted line shows the time scale associated
with Stokes-Einstein limit of diffusivity. The
arrows correspond to the ¢ positions.

On the other hand, it is clear from Figure 1b that the collective NP dynamics in the PNCs qualitatively deviate

from the simple diffusive behavior as NP loading increases. It is notable that the relaxation time grows

monotonically with decreasing wavevector except for the 16% and 27% samples in the g region around the peak of

the collective static structure factor S(¢) (obtained from SAXS) at ¢ ~ ¢*. In addition, 7becomes less dependent on

q at the higher loadings for high and intermediate wavevectors, but shows an interesting non-monotonic variation

of the local strength of the g-dependence at the lowest wavevectors probed. Further data analysis demonstrated that

7 across all temperatures are collapsed onto a single master curve as a function of the reduced dimensionless

wavevectors (i.e., gD) with 7 normalized by its value at gD = 4 (arbitrary choice) within the experimental

uncertainties. This likely reflects normalizing out (to zeroth order) the elementary ensemble-averaged polymer time

scale in the PNCs.
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Rheology Symposium in [IUMRS-ICA 2020 - MRS THAILAND 2021
Instead of the 16th International Workshop for East Asian Young Rheologists

Tadashi Inoue  Osaka University

[Purpose of project] The i-JURC/ICR budget was initially proposed for organization of the 16
International Workshop on Young Rheologist in East Asia IWEAYR-16, Thailand). This workshop has
amission to promote international exchange among young faculties and graduate students in cooperation
with researchers from various countries in East Asia, in several research fields such as polymer science
and materials science. The workshop is anticipated to deepen our research activities and form the basis
for future cooperation. Unfortunately, COVID-19 prevented to have the workshop on site. Considering
the importance of the workshop, we had decided to have an alternative meeting. Fortunately, Prof. Visit
Vao-soongern, one of the core members of our society, was planning to have a rheology symposium in
IUMRS-ICA 2020 - MRS THAILAND 2021 on line. Therefore, we joined his rheology symposium to
support his task and also to complete our mission. The participation of many undergraduate and graduate
students fulfilled our original mission to enhance shearing new research results. The budget was
effectively utilized to support the participation of as many Japanese researchers as possible.

[Place and schedule of workshop] Instead of IWEAYR-16, we had a special international rheology
symposium in [lU-MRS, which was held on Feb 24 and 25, 2021 on the web, chaired by Prof. Visit Vao-
soongern of Suranaree University of Technology, Thailand.

[ Purpose of the symposium] 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
main 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. The symposium provides
an opportunity for participants to present their research results, discuss and exchange research ideas in
a very friendly atmosphere. 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 IWNEAYR in Seoul
(February 2006).  After that, it has been 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.

[Participants] The number of participants in this rheology symposium was over 40, which was about
one-third of the average in recent years, from seven countries, USA, Japan, Korea, China (Tunisia),

Thailand, and Colombia. The main participants were:

Jaewook Nam, Professor, Seoul National University, Korea
Youngdon Kwon, Professor, Sungkyunkwan University, Korea
Wei Yu, Professor, Shanghai Jiaotong University, China
Kang Sun, Professor Shanghai Jiaotong University, China
Quan Chen, Professor, Changchun Institute of Applied Chemistry China
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Exkarach Deenang, Assoc. Professor, =~ Udon Thani Rajabhat University Thailand

Hiroshi Watanabe, Professor, Kyoto University Japan
Yuichi Masubuchi, Professor, Nagoya University Japan
Takashi Taniguchi, Assoc. Professor, Kyoto University Japan
Hiroshi Suzuki, Professor, Kobe University Japan
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(by the invited speaker, Prof. Hidema, Kobe University).

[Overview of the symposium] Total number of submitted papers was 30, including one keynote and
two invited talks. On the first day, Prof. Ronald Larson, University of Michigan, provided a plenary
lecture on “Progress in Modeling Polymer Melt Rheology and Crystallization”. After this plenary lecture,
a Keynote lecture was presented by Professor Ruri Hidema (Kobe University), long invited
presentations by Professor Jaewook Nam (Seoul National University) and Professor Quan Chen
(Changchun Institute of Applied Chemistry), and 27 short presentations by mostly doctoral students. 5
poster presentations were also given on web throughout the symposium. The best presentation award
was celebrated by participant's vote.

In the symposium, there were many rheological studies on new polymer materials such as
nanocomposite and associating polymers. In addition, there were many kinds of basic research on the
analysis of various physical and rheological properties and hierarchical structure of reinforcing materials
such as particle dispersion systems. Some issues such as theory, simulation, and flow control of soft

matter were presented.

[Summary] In spite of the web style, the discussion was very active. It was an excellent opportunity
for students to learn new ideas and deepen their research. Last year, we heard the first report of
coronavirus, COVID-19, when leaving from Japan for the IWEAYR-15 venue, Changchun, China.
Since then, COVID-19 has been significantly affecting our life and research. However, I strongly felt
the high activity of the field during the rheology symposium. Success of this symposium was very
helpful to keep our community. We appreciate the financial support from i-JURC/ICR. I would like to
finish this report hoping to have IWEAYR-16 on-site, in Udon Thani, Thailand, in the next year.
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Study on the mechanism of the crystal structural evolution of
polydimethylsiloxane

Liangbin Li  University of Science and Technology of China

Objective: Crystallization of polydimethylsiloxane (PDMS) is mysterious. Professor Tosaka,
Institute for Chemical Research (ICR), Kyoto Univ., found unusual transformation of the 2D
WAXS patterns of PDMS crystal, and subsequently, four crystal forms based on the electron
diffraction of the single crystals. The transformation of the 2D WAXS patterns was tentatively
explained considering coexistence of the four crystal forms. More detailed studies by Professor
Liangbin Li gave the structural evolution diagrams in strain-temperature space and clarified
pathways of transformation between the different structures (forms) during the stretching
process through in-situ synchrotron radiation experiments. However, the crystallization of
PDMS is still difficult to understand by the existing concept of structure formation. Therefore,
Prof. Tosaka and Li planned to collaborate on researching the evolution of crystal structure
during the crystallization process of PDMS.

Experimental method: The nano-scale dynamic structural analysis X-ray system in ICR was
planned to be used for the research. The SAXS experiments about the crystallization of PDMS
in the wide range of temperature were expected to reveal the mechanism of the dynamic
structure evolution. The cryo TEM in ICR (JEM-2100Plus equipped with a cryo sample
holder) was also planned to be used for more detailed observation of single crystals. Based on
the obtained data, the structural analysis of the PDMS crystal was expected. In order to build
the molecular model to explain the mechanism of the structural transitions, the software of
Materials Studio was planned to be used. A post-doctor Jingyun Zhao was scheduled to visit
ICR and perform these studies with the help of Professor Tosaka.

Results: Because of the worldwide pandemic of COVID-19 diseases, the international travel to
perform the experiments in ICR was not possible during the period of the Joint/Usage Research
2020. Therefore, some other experiments related to this theme were performed in individual
countries. For example, cooling experiment of PDMS sample under constant strain by
Professor Tosaka revealed increase of tensile stress after the onset of crystallization, which
seems to be inconsistent with the proposed crystal structures. The influence of filler contents
has been found to significantly influence the crystallization of PDMS at low temperature
region, while the detailed formation mechanism requires further investigation.

Discussion: Some of experimental results related to crystallization of PDMS were very
difficult to explain according to the currently-proposed crystal structure models. Further

refinement of the models is quired for consistent understanding of all the experimental results.
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High-pressure synthesis of potential multiferroic oxides

Kunlang Ji & J. Paul Attfield 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 writing paper of the new double corundum
Co2InSbO¢ synthesized at Kyoto University during early 2020, while Professor Shimakawa
providing very useful scientific guidance for the paper through emails.

Experimental results: A new double corundum Co2InSbOs has been successfully synthesized with
polar NTO-type R3 symmetry and lattice parameters a = 5.28813(3) A and ¢ = 14.0294(1) A.
Magnetic susceptibility and hysteresis loops indicated ferrimagnetic like behavior with 7c = 40 K.

Temperature dependent synchrotron x-ray diffraction show a

dynamic cation site exchange at all temperatures and particular a wel ‘ ‘//
phase transition to ordered ilmenite type structure above 850 K, €344 I T /
inducing the unit cell shrink along the a and b directions, show g :Z o i ]
in Fig.1. The compound was turned back to NTO-type above 950 wief e ,/
K with normal thermoal expansion. < :;Z NTO‘CISC?:_,./-/;@ 3
Discussion: The selective site exchange only between Co?* and ‘g 14:04: _/_/././././. % %
In*" at different temperatures results from the small size and % saik a // _/
charge mismatch between Co?* (V' = 0.745 A) and In3+ (V' = £ | /_/-/'/- 7

0.8 A), compare to that between Co>" and Sb>* (V1= 0.6 A). - ol /_/./'/'/. -
Publication: K. Ji, M. Amano Patino, E. Solana-Madruga, Y. T . (716<o) oo w0 1000 110

Shimakawa and J. Paul Attfield, Pressure and temperature
Fig. 1 Temperature dependent

induced order-disorder double corundum Co2InSbOs, in preparation
lattice parameters and cell
volume from SXRD data
show phase transition from
NTO-OIL-NTO at higher

temperatures.
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Micro- and nano-structural characterization by advanced transmission electron
microscopy of novel functional materials for battery development

Torranin Chairuangsri Chiang Mai University

Our research group in Thailand has been collaborating with researchers at the ICR including Hiroki KURATA, Mitsutaka
HARUTA and Tsutomu KIYOMURA in micro- and nano-structural characterization by advanced transmission electron
microscopy of novel functional materials for battery development. Two publications have been completed as summarized
below;

1. Novel TiO(B)/Nitrogen-doped Graphene Hybrid-composites (TNG) as Anode in Advanced Power Batteries

(Ultrafast -charging and long cycle-life anode materials of TiO>-bronze/nitrogen-doped graphene nanocomposites for high-performance lithium-ion batteries, T. Autthawong, Y. Chimupala, M. Haruta, H. Kurata,
T. Kiyomura, A. Yu, T. Chairuangsri and T. Sarakonsri, RSC Adv., 2020, 10, 43811-43824)

Novel TiO,(B)/Nitrogen-doped graphene hybrid-composites (TNG) were prepared by hydrothermal method and investigated
by TEM at the ICR. Different morphologies of TiO, dispersed on nitrogen-doped graphene sheet were confirmed as anatase
nanoparticles, TiO, nanotubes and TiO» depending on the reaction time. The best battery performance was obtained from the
nanorods TiO,(B)/nitrogen-doped graphene (TNG-24h) electrode with high specific capacity of 500 mAh g™ at 1C (539.5 mA

gh).

1I. Novel Sn(SnO;)-SiO,/Graphene-based nanocomposites as Anode in Lithium-ion batteries

(Improved electrochemical performance of anode materials for high energy density lithium-ion batteries through Sn(Sn0O:)-SiO»/graphene-based nanocomposites prepared by a facile and low-cost approach, O.
Namsar, T. Autthawong, V. Laokawee, R. Boonprachai, M. Haruta, H. Kurata, A. Yu, T. Chairuangsri and T. Sarakonsri, Sustainable Energy Fuels, 2020, 4, 4625-4636)

Novel Sn(Sn0O,)-Si0,/Graphene-based nanocomposites were
prepared by facile and low-cost technique. The materials were
studied by TEM at the ICR. The successfully synthesized
materials can be confirmed by distribution of Sn, Si, C and O
elements (Fig 1). The highest capacity was achieved in the
Sn(Sn0,)-Si02/rGO  composite. The enhancement of
electrochemical characteristics of the nanocomposites was
due to the combined advantages of graphene and the
nanoparticles with high theoretical capacity (Sn, SnO,, SiO,).

Moreover, the flexible graphene matrix was capable of - B Y00 nm

buffering the volume change of the nanoparticles during the b re— _Zguin
discharge—charge process, resulting in the enhanced  Fig.1 elemental maps of Sn, Si, C and O for the Sn(SnO,)-SiO,/NrGO
electrochemical properties. nanocomposite and the corresponding high-angle annular dark-field

(HAADF) STEM image

Two manuscripts are being prepared for publication in
refereed journals. The results can be summarized as follows:

1. Novel Zn-Mg Alloys as Anode in Metal-Air Batteries

Zn-(0-5wt.%)Mg and Zn-3Mg-(0-3wt.%)Bi alloys were investigated. ZnO, ZnO, and amorphous ZnO were found as surface
oxides on the pure zinc, whereas MgO4 has been found in addition as a surface oxide on Mg-rich phases (Mg:Zn;; and MgZn;)
on the Zn-Mg alloys. The corrosion current density of the ternary alloys significantly increased with increasing Bi content.
The highest corrosion current density was from Zn-3wt.%Mg-0.5wt.%Bi alloy, which is about 15.8 A/m. For self-corrosion
test, the alloys were immersed in 6 M KOH solution. It was found that self-corrosion rate of the alloys significantly increased
with increasing Bi content as compared with the cases of pure zinc and Zn-3wt.%Mg alloy. The findings are useful for
enhanced understanding on passivation behavior of these novel Zn-Mg-Bi alloys as compared to that of the pure zinc and
binary system Zn-Mg alloys.

1. Novel Nano Crystalline/Amorphous Vanadium Lithium Borate Glasses as Cathode in LIBs

Structural and local chemical analyses of vanadium-lithium-borate glasses containing V,0s 35-60 mol.% and prepared by a
melt-quenched method were studied. Nanocrystalline phase of LiV3Og was found by HRTEM. The size of the crystalline
phase depends on the vanadium content. It seems likely that the larger amount of vanadium, the larger the crystalline size is
as can be compared. The oxidation state of vanadium was confirmed by XANES showing the majority of V3*. These evident
can support the presence of vanadium in two environments as in amorphous matrix and nano-crystalline LiV3Os.
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Electron energy loss spectroscopy analysis of hexagonal multilayer graphene
Cheng-Yen Wen National Taiwan University

Objective: Multilayer graphene sheets prepared by chemical vapor deposition (CVD) is generally regarded
as the Bernal type, of which the stacking order of graphene sheets follows that in natural graphite, so called
the AB type stacking. It is recently found that the multilayer graphene prepared by CVD exhibits the
primitive hexagonal unit cell (AA-stacked). The optical and electrical properties of such AA-stacked
multilayer graphene should be different from those theoretically predicted based on the Bernal stacking.
We therefore initiate collaborative research with Prof. Kurata and Prof. Haruta to characterize the AA-
stacked CVD graphene and further explore its phonon dispersion properties.

Experimental Methods: The graphene samples were prepared by CVD using Cu as the growth substrate
and hydrogen and methane as the gas precursors. Oxygen was also intentionally flowed into the CVD
reactor prior to graphene growth (OCVD), for investigating the factors leading to the unusual AA-stacked
growth. The graphene layers were wet-transfer method to supporting Cu grids and oxidized Si substrates
for transmission electron microscopy analysis and Raman spectroscopy analysis, respectively. Cross-
sectional specimens were prepared by a focused ion beam system.
Outcomes: The layer number of CVD graphene can be quickly (@)
counted by the contrast change in optical microscopy and

scanning electron microscopy, and conveniently determined by

Raman spectroscopy based on an empirical rule. However, the

. . . . 20 um
layer number of graphene is underestimated. Figure 1 illustrates e

Figure 1. (a) SEM image of CVD
multilayer graphene. (b) Cross-
monolayer graphene, in agreement with Raman analysis, but the  gectional TEM image of graphene in

the inconsistency: the area in Figure 1(a) is regarded as
cross-sectional TEM analysis in Figure 1(b) shows that the area the region labeled in (a)

is actually multi-layer graphene. Such inconsistency also appears in the graphene prepared by OCVD. The
multilayer regions in Figure 1(a) exhibits even larger numbers of graphene sheets. The CVD graphene
prepared in this study could have a different stacking order, so that the Raman empirical rule is not
applicable. The stacking order is characterized by diffraction analysis. The results show that the relative
diffraction intensity between {1010} and {1120}, no matter what the layer number is, is close to 1.1,
which is the ratio for monolayer graphene. The intensity ratio should quickly drop down with the
increasing layer number for the stacking orders other than the AA stacking.

Analysis: AA-stacked graphene in found in both regular CVD and OCVD. Such growth is suggested to be
attributed to incorporation of oxygen in the growth substrate. The hexagonal (AA stacking) multilayer
graphene has been overlooked for a long time. Theoretical calculation shows that hexagonal graphene has
better carrier transport property. Production of such hexagonal multilayer graphene can be generalized

for application.
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Electronic excitations in charge-density-wave systems

Ming-Wen Chu National Taiwan University

This proposed research aims at tackling the electronic excitations in charge-density wave (CDW)
systems. CDW instabilities have been a well-accepted notion in electronic phase transitions of
solids and are generally considered to be entangled with the characteristic Fermi surface nesting
(FSN). In recent years, systematic examinations of the established CDW phases such as NbSea,
however, revealed that FSN is not a robust ingredient to the electronic transition, but possibly
the concomitant electron-phonon coupling. The establishment of a firm methodology in sorting
out a relevant electron-phonon coupling, therefore, becomes growingly important and electron
energy-loss spectroscopy (EELS) that can capture excited phonon and electronic characteristics

in matters turns out to be a plausible solution in addressing the correlated physics.

The realization of such EELS experiments calls for the simultaneous achievement of two
essential aspects, (i) a high energy resolution of better than 50 meV in order to picture the spectral
features of phonon excitations and (ii) a cryogenic specimen environment considering the typical
CDW onset at low temperatures. The two tasks are no routine and expected to be tested together
with Profs. Kurata and Haruta in ICR in 2020. Nevertheless, the COVID-19 pandemic prevents
this current PI from travelling to ICR for the experiments. It is hoped that the upcoming
availability of safe vaccines can twist the situation and international travels to ICR will become
possible again in late 2021 for the proposed research. If not, this PI will try to conduct some
preliminary remote experiments under the assistances of Profs. Kurata and Haruta. Indeed, this
PI deeply appreciates the support of this joint initiative and does look forward to fruitful

collaboration results in the near future.
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Synthesis and characterization of
novel organoselenium and -tellurium compounds

Mao Minoura Rikkyo University

In recent years, organoselenium and -tellurium compounds have attracted an explosive
increase in research interest regarding their synthesis, structural characterization, reactivity not
only in chemistry but also in biological application.” It is generally known that
germanium-selenium and -tellurium double bond compounds are highly reactive species and
such double bond compounds can easily dimerize. By utilizing the bulky protecting group, it is
possible to synthesize and isolate the germanium-chalcogen double bond compounds. Tokitoh
et al. reported the synthesis of the germanium-chalgogen double bond compounds bearing
large aromatic Tbt group. However, in the case of alkyl substituted species, the stable
germanium-chalcogens double bond compound has never been reported due to the difficulty of
the 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 the present study, we took advantage of the steric
protection of the Trp* group to synthesize the thermally stable germylene Trp*>Ge: and the
corresponding germanium-tellurium double bond compounds.

The treatment of the Trp*2Ge:, which was synthesized by the reaction of Trp*Li and
GeCl2, with elemental tellurium afforded the germanetellone (Trp*2Ge=Te). The isolated
Trp*2Ge=Te is thermally very stable and moisture sensitive, the molecular structure was
determined by X-ray crystallographic analysis.

We thank Professors Norihiro Tokitoh, Yoshiyuki Mizuhata, Mariko Yukimoto (ICR,

Kyoto University) and Professor David G. Churchill (KAIST, Korea) for their kind discussions.

Molecular structure of Trp*,Ge=Te

1) David G. Churchill et al. Molecules, 2021, 26, 692. doi:10.3390/molecules26030692
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[ F#45] Shirai, T.; Fukumoto, H.; Kanno, Y.; Kubota, T.; Agou, T. Polymer (Elsevier)
2021, 217, 123478.
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Synthesis and structural characterization of low-valent species of
heavier group 14 elements

Tsukasa Matsuo Kindai University

In this collaborative research, we have planned to investigate the synthesis and
structures of low-valent species of the heavier group 14 elements by taking
advantage of the steric protection using the fused-ring bulky Rind group (Rind =
1,1,3,3,5,5,7,7-octa-R-substituted s-hydrindacen-4-yl).

The bulky Eind-based bromostannylene, (Eind)BrSn: (1), has been synthesized
by the reaction of SnBr2-dioxane with 1 equiv. of (Eind)Li in THF (Scheme 1). In
contrast, the less bulky EMind-based bromostannylene, (EMind)BrSn: (2), has been
obtained by the ligand redistribution between the diarylstannylene, (EMind)2Sn: (3),
and SnBr2-dioxane in toluene. The arylbromostannylenes 1 and 2 can be isolated as
room-temperature-stable orange crystals, and their structures have been clearly

determined by X-ray diffraction methods. While the dimer

R! R2
formation is found for the bulky Eind-based 1 in which two R’ R?
Sn atoms are asymmetrically bridged by two Br atoms, the

R R?
less bulky EMind-based 2 shows a unique one-dimensional R k2
polymeric structure with alternating Sn and Br atoms, Rind

EMind: R" = Et, RZ = Me

supported by the perpendicularly-oriented EMind groups. Eind: R' = R? = Et

"BuLi (2 eq.) o SnBr,-dioxane Eind\

(Eind)Br —— [(Eind)Li]] ————— Sn:
THF THF Br
-78~0°C -78°C ~rt st gt
1
EMind\ EMind\
/Sn: + SnBry-dioxane —> Sn:
EMind toluene Br
rt
3 2

Scheme 1. Synthesis of 1 and 2.
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* M. Takahashi, M. Kowada, H. Matsui, E. Kwon, Y. Ikemoto, J. Phys. Chem. A 2021, in press.
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Synthesis and structures of cationic aromatics
bearing thiopyrylium units

Noriyoshi Nagahora Fukuoka University

Introduction

A variety of organoelectronic devices are based on thiophene derivatives and therefore thiophene
derivatives/analogues with improved properties are highly sought after. In this regard, thiophene-fused
thiopyrylium salts can be expected to exhibit promising potential. However, examples on the synthesis of
thiophene-fused thiopyrylium compounds have so far remained scarce. In this work, we present the synthesis
of a new family of thiophene-fused thiopyrylium salts 1 and 2 together with the experimental and theoretical

examination of their electronic structures.

Results and Discussion

The reaction of bromothiophene 3 with 4-tert-butylbenzenethiol provided thioether 4 in moderate yield.
We attempted the synthesis of thiopyrylium salt 1 via a Rieche formylation followed by a Friedel—Crafts
cyclization. Thioether 4 was treated with CbCHOCHS3 in the presence of the Lewis acid SnCls, which afforded
thiopyrylium salt 1. Subsequently, we performed the Lewis-acid-promoted intramolecular reaction of 7. In a
sealed vessel, we carried out a literature method for the In(OTf)3-induced cyclization on 7 in CLLCHCHCl,.
Cold hexane was added dropwise to the resulting solution and the thus obtained reddish brown powder of
stable bisthiopyrylium salt 2 were isolated in 66% yield by centrifugation.

Crystallization from a saturated solution of 1 in CH3CN afforded single crystals. The molecular structure
of 1 was determined by X-ray diffraction analysis using a high-flux diffractometer for single crystals in
Institute for Chemical Research, Kyoto University. The sum of the internal bond angles of all the 5- and 6-
membered rings in 1 are close to 540° and 720°, respectively, which indicates that the ring framework of 1

exhibits a highly planar structure in the solid state.

4-(t-Bu)CgH4SH CF3S0;5~
Br. Cu,0 ST@ SnCl,, CH3OCHCI,
Z—Q 2,4 6-trimethylpyridine ! s CI,CHCHCI, O
S 170°C, 43 h reflux, 1 h
3 4 (70%) 1(85%)

4-(t-Bu)CgH,SH 2 CF380;3~

Br \3 Cu,0 % dé In(OTh, O S
%B 246tr|methylpyndlne Cl,CHCHCI, Q
s” Br ' 150°C, 4 120 °C

5 in a sealed tube

6: (50%) Cl,CHOCHS, 2 (66%)
7

Publications

1. Nagahora, N.; Kitahara, K.; Mizuhata, Y.; Tokitoh, N.; Shioji, K.; Okuma, K. J. Org. Chem. 2020, 85,
7748-7756.

2. Nagahora, N.; Tanaka, R.; Tada, T.; Yasuda, A.; Yamada, Y.; Shioji, K.; Okuma, K. Org. Lett. 2020, 22,

6192-6196.
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Fig.1 MS spectrum of Dando FA (negative ion mode) Fig.2 van Krevelen diagram of Dando FA
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Wz ULie "y RO AN L —E T, K AN L—& K N b— & TE-OBLE £ #EEh &3 s L
TNWLZENnL, MRAICE S TENAL—DOEFEZBRIRIHIE T 52 &N TE S, S HIZ, T
TR A B CBUER AR R HuEAESRORIUITRDOLAE L OBIRE D, DX
D IR AR EPNEE TS 2 L UCHIAT 211, 487 & ORI BAERNS X 2 Imis o 5228 & (K83
DMENRD D, BIZIE, ZNETIZ, AV ARRIGHRE R RS KT TT XE AL 5 2 LT
RO E D ik S 7Bl 8 5 [1],

AWFFETIZ, TMD & 7T RE RO AAEH O ZEM
% B A B kL — 4 5840 (STEM-
EELS) Z# W TFH /) A— ML A7 — LT LN TH 2 &
AHME L, WD & 7T XE L HIEROE AR E 2 ERL L
7o TMD & LTWS, 2887 L, B Rk} &2 b 25U Rl (CVD)
WKV ER LT, 7T RE VR E LTH £y v 7
EEA LSRR (777 X' =y 7 i : PIO) %
BEL[2], BERERBLOARRyZ Y 7 BB Y
777 4 —=ICKDHER LT, R 72 PIC (3 AL FIAERCS
/S102(20 nm) /Ag FMR DL @&z A L TR v | HiE WSy (X
Si0, F ¥ v FEOHUL, bbb Ag HkFiH 10 nm
D SNAET D X ITHDIAATE, Al MBS =44
IO BRSNC /2> TR Y, BEA 150 nm, &S 20 nm Fig. 1 ()74 M Ixk R
? Al FHFEASEHI 600 nm THIYI S vz, % g WSe Db 136D By

Fig. 1 IZER L-EORE T8 )6% 7+ Mvxt b (PRI O F M 4.
VAR L7245 R TH B, WS I3RS O 2425y Okt &

D RN ALE L, Al HAEECSNIAREF O 21 (B2 7 i K 0 22D I2ALE LT D, WS, Db 15
JDE— 7 Wi 645 nm DFENHEE~ v 7L LTERRTD L Fig. 1 1), WSy & Al FAERLSIASE
7o T IR (HLEF O ZEAR) 73, WS, DHOFER (B OLM) K0 bH 2 S ERENTND Z LD
%, bbb, PICIZ & D WS, DRNIEBRD MR ST, 4%, Fakkt % STEM-EELS |2 & 0 fi#hr L,
™D & 7T X HREROM AN OFEMZ T/ A — bV AT — /L THLINIT D,

[1] S. H. Gong et al., Science. 359, 443 (2018). [2] H. Saito et al., ACS Photon. 6, 2618

(2019).
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