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Construction of metal-substituted carbenium ion and silyl cation and their
applications for Lewis acid catalysts
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Development of small-molecule n—type organic semiconductors that can
be processed via precursor approaches

Nara Institute of Science and Technology Mitsuharu Suzuki

Synthesis and Thermoelectric Performance of m —Conjugated Coordination
Polymers

Osaka Institute of Technology Michihisa Murata
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Biogeochemical study of bioactive trace metals in the aerosols over
northern North Pacific Ocean

Kindai University Yuzuru Nakaguchi

In vivo detection of temperature change using optical spectroscopic
characterization of metal nanoparticle

National Defense Medical College Miya Ishihara
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Relationship between hydrogen bonding and rheological properties of
polyurethanes having several chemical structures

Osaka University Osamu Urakawa

Analysis of molecular condensation in temperature gradient field created
through plasmonic heating

Japan Women’s University Ryoko Shimada
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The study on density fluctuations of polycarbonate by using time-resolved
scattering method
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Depth-resolved Structure Analysis of Organic Thin Films by Energy
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Discovery and Use of Bioactive Self-Assembling Molecules
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Observation of Current—Driven Domain Wall Motions in the Ni nanowire
Gifu University Keisuke Yamada

Study of spin—filtering effect of the magnetic insulator films with
perpendicular magnetic anisotropy

Nagoya Institute of Technology Masaaki Tanaka
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Chinese Academy of Sciences Jun Xu

Determination of high—order structure of organic device molecules using
dynamic nuclear polarization solid—state NMR

U.S. Department of Energy, Ames National Laboratory Takeshi Kobayashi

Characteristics of membrane vesicles produced by intestinal bacteria and
fermented food—derived bacteria and their biogenesis

Kindai University Atsushi Kurata
Functional study of metal-induced proteins in microbial metal respiration
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Interfacial structure control and photo—induced charge transfer dynamics
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Functional design for drag delivery into brain
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*Perpendicular magnetic anisotropy and tunneling conductivity of epitaxial cobalt-ferrite (001)
films grown on nonmagnetic metal films, J. Magn. Magn. Mater., 475, 721-726 (2019).

A B-Diketiminato-Based Pincer-Type Nickel(I1) Complex: Synthesis and Catalytic Performance
in the Cross-Coupling of Aryl Fluorides with Aryl Grignard Reagents, Eur. J. Inorg. Chem.,
126-133 (2019).

Acetylacetonato-based pincer-type nickel(ll) complexes: synthesis and catalysis in
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Directional neutron generation via laser-driven-photonuclear reaction
by using a spin polarized deuterium target

Yasunobu Arikawa Institute of Laser Engineering, Osaka University
Application of neutrons has a broad field such as neutron diffraction, biological applications,
medical applications, and radiographs. The neutron flux is key issue for all the applications.
The neutron angular spread of any conventional neutron generation method has been quite
large the neutron flux at targets has been small compared to other quantum source. A
theoretical study predicted a photonuclear reaction with spin-polarized deuterium would
generate a highly directional (few degrees of spread angle) neutron beam. This scheme might
be a breakthrough in the neutron science. In this project, we need to prepare the spin polarized
deuterium target. Dynamic nuclear polarization using triplet excitation scheme [1] which can
be done in room temperature has been utilized. In this scheme a yellow pulse laser is needed to
excite the deuterium sample robe polarized.

In our first experiment to make a spin polarized deuterium a low polarization up to few-%
was obtained using conventional flash lamp source. After our discussion we concluded a higher
power yellow laser is needed to obtain higher polarization. We started to develop a compact
yellow pulse laser system within the project. We newly designed a diode laser pumped liquid
state laser system. A DPSS type laser oscillator with a wavelength of 593 nm and energy of up
to 0.05 mdJ with the pulse duration of 10 us was chosen as a seed light and designed to be
amplified to 1 mdJ. An europium 3+ contained organic liquid was chosen as an amplifier material
and it is pumped with 405 nm diode laser. Figure 1 shows the photograph of the laser system
developed in this year. The design was referred to Kyoto university T6 laser amplifier and a
great support by Kyoto university group strongly promoted this development. So far, four times
amplification was demonstrated in current setup and we need to increase to twenty. After the modification of
the amplifier system, we expect to achieve the required energy (>1mJ) and we will start the experiment of
polarization then we will go ahead to neutron
generation within few months. In spite of the
delay in schedule we achieved a new laser
technology which can be widely applied. We
are applying continuous-proposal in 2019s
experiment with more sophisticated grouping.

[1] K. Tateishi, et al., Proceedings of the
National Academy of Science, of the United
States of America vol. 111 no. 21, 7527-7530,

2014 Figure 1 The developed yellow pulse laser system.
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X-ray Structural Studies on Reaction Mechanism 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 structure, function, and detailed
properties of the enzymes involved in its metabolic pathways. In the course of a screening experiment,
Rhizobium sp. strain MTP-10005 was isolated from natural river water. Enzymological and genetic studies
showed that products of the grad, graB, graC, and graD genes in the bacterium are involved in the
degradation pathway of resorcinol. To reveal the structures and functions, we have been performing X-ray
structural studies of the enzymes. In this study, we focused on maleylacetate reductase (GraC), which
catalyzes NADH- or NADPH-dependent reduction of maleylacetate to 3-oxoadipate and tried to determine
the GraC-cofactor complex structure.

N-terminal His-tagged GraC was overexpressed in Escherichia coli BL21 (DE3), purified, and used for
crystallization. The protein solution consisted of 2.5 mg/ml GraC, 5 mM NADH, and 50 mM Tris-HCI pH
8.0. Initial crystallization experiments were performed by the sitting-drop vapor-diffusion method using
several screening kits. Small crystals were obtained after several days with several conditions. Particularly,
thin plate-shaped adequately sized crystals for X-ray diffraction experiments were obtained using a reservoir
solution consisting of 20% (w/v) PEG1500 and 0.1 M Bis-Tris pH 6.5. Diffraction experiments were
performed on beamline BL-5A, Photon Factory, KEK, Japan. A crystal was soaked in a cryoprotectant
solution consisting of 30% (w/v) PEG1500, 5 mM NADH, and 0.1 M Bis-Tris pH 6.5. The crystal was
mounted with a cryoloop and cooled with a cold stream of nitrogen. Diffraction data were collected up to 2.5
A resolution. The crystal belonged to space group P1, with unit-cell parameters of a =49.82 A, b =56.96 A,
c=69.97 A, o = 105.37°, B = 98.10°, and y = 113.03°. The structure was determined by molecular
replacement using an apo-type GraC crystal structure as a starting model and refined at 2.5 A resolution.

In the present crystal, one homodimer GraC molecule exists in the unit cell and each subunit binds an
NADH molecule. The subunit of GraC molecule consists of two domains: an N-terminal domain, residues
1-159, adopting an o/p structure and a C-terminal a-helical domain, residues 160—351. The active site is
located in the cleft between the domains of the subunit. The NADH molecule is located in the active site
cleft and mainly binds to the N-terminal domain. The subunit of the NADH binding GraC has a closed
conformation that may be adopted on binding the cofactor. However, one subunit of apo-type GraC binds no
other ligand except one sulfate anion. It has an open conformation, as is the case before the enzymatic
reaction. Thus, the two types of GraC crystal structures reveal the structures of maleylacetate reductase both
in the cofactor-binding state and in the ligand-free state, which suggests that the structure of GraC must

change from the open conformation to the closed conformation in the course of enzymatic reaction.
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X-ray Crystallographic Studies on Thermostability and Substrate Specificity
of L-Asparaginase

Shiro Kato Kagawa University

L-Asparaginase (E.C. 3.5.1.1) is an enzyme that catalyzes the hydrolysis of L-asparagine to L-aspartate and
ammonia. It has been used as an effective antineoplastic agent for acute lymphoblastic leukemia. In the food
industry, it is expected to be used as a food processing aid to reduce acrylamide levels in cooked food.
Thermococcus litoralis DSM 5473, which was isolated from a hot spring of a shallow sea, is a
hyperthermophilic archacon and has the ability to grow optimally at 88°C. To study the industrial utilization
of thermostable L-asparaginase, the gene encoding this enzyme from 7. /itoralis DSM 5473, TIASNase, was
cloned and expressed in Escherichia coli. TIASNase has a distinctive substrate specificity; its enzymatic
activity to D-asparagine is 70% of that to L-asparagine whereas other reported L-asparaginases have no or
low activity to D-asparagine. To elucidate the structural basis for the catalytic mechanism, substrate
recognition, and thermostability, we have been performing X-ray structural studies of 7/ASNase. In this
study, we tried to determine the structures of the enzyme-substrate/product complexes.

TIASNase was overexpressed in E. coli and purified by heat treatment and ion exchange chromatography.
The protein solution consisted of 6 mg/ml 7/ASNase and 50 mM Tris-HCI pH 8.0. The enzyme was
crystallized at 20°C by the sitting-drop vapor-diffusion method using 15% (v/v) 2-propanol, 12.5% (v/v)
tert-butanol, 0.125 M ammonium acetate, and 0.1 M Tris-HCI pH 8.0. Diffraction measurement was
performed at beamline BL-5A, Photon Factory, KEK, Tsukuba, Japan. A crystal was soaked for about 1
minute in a cryoprotectant solution consisting of 47.5 mM D-asparagine, 40% (V/v)
2-methyl-2,4-pentanediol, 0.125 M ammonium acetate, and 0.1 M Tris-HCI pH 8.0. The crystal was
mounted with a cryoloop and cooled with a cold stream of nitrogen. Diffraction data were collected at up to
2.34 A resolution using a PILATUS3 S6M detector. The crystal belonged to space group P6,22, with
unit-cell parameters of @ = b = 69.78, and ¢ = 557.56 A. The structure was determined using ligand-free
TIASNase structure and refined at 2.34 A resolution.

TIASNase is a homodimer, existing in the asymmetric unit of the crystal. The subunit has 331 amino acid
residues and consists of two domains: the N-terminal domain, residues 1-185, adopting a large o/B-structure
and the C-terminal domain, residues 205—331, having a small o/B-structure. The active site is located at the
interface between the N-terminal domain of one subunit and the C-terminal domain of the other subunit. The
amino-acid sequence alignment and structural comparison with related enzymes indicate that Thr12 and
Thr86 in T/ASNase are catalytic residues. In the present structural analysis, an additional electron density
attached to the side chain of Thr12 was found at the active site. The additional electron density seems to be
an acyl-intermediate formed after the acetylation step in the enzymatic reaction from a substrate
D-asparagine to a product D-aspartic acid. The acyl-intermediate is encompassed with Thr86, Asp87, Asp54,

and Ser55 and stabilized by interactions with these residues.
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[2]”Extremely low ablation rate of metals using XeCl excimer laser” , J. Micro/Nanoeng.
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“Increased energy of THz waves from a cluster plasma by optimizing laser pulse duration,” AIP
Advances 9(1), 015134 (2019).

[2] T. Nagashima, A. Irizawa, M. Hashida, A. Higashiya, S. Suga, Shuji Sakabe , “In Situ Observation Of
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[1]Y. Iwashita, N. Terunuma, “Design Study of PM Dipole for ILC Damping Ring”, IPAC2018, Vancouver, BC, Canada.

[2] Y. Iwashita et al., “Steering Magnets with Permanent Magnets”, MOPO125, LINAC2018, Beijing, China.
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[1] R"A B, PE B—, 18 47, & F FHA, EHE #h, T8 T8, EE EA, BEEAR—7
ZERBWED TR . F 15 [0 B AR ER PS5 L. pp. 418-420 (2018).
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[1] Y. Arimoto, et. al., Phys. Rev. A 86, 023843 (2012).

[2] M. Kitaguchi, et., al., Prog. Theo. Exp. Phys. 2017.4 (2017): 043DOL.

AR

THPEFERBRTE — A 2 MRRERO T2 b O PEF R ERE ORGEE, AL HEBER, 55 73 [
HAMBERER RS, RBA RS (THR), 201843 A.
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(1] 2 =i EES B E 2 W 2 8 M UE O =8 e O Rl / Evaluation of superconductlng
characteristics on the multilayer thin-film structure using the third harmonic voltage method, f'ILI #H, & F %

G WHE e GUEMERE) , 28 24T, BB R AR BeE (Gexaih) , R RIEE (58 R
g N GBI , Btk 5%, kH B Tanyr) | F2EERE.

15th Annual Meeting of Particle Accelerator Society of Japan, August 7-10, 2018, Nagaoka, Japan.

[2] Precise Evaluation of Characteristic of the Multi-layer Thin-film Superconductor Consisting of NbN and
Insulator on Pure Nb Substrate, R. Katayama (Kyoto ICR) et al., .in proceedings of LINAC2018, Beijing, China
(2018), p. 391, TUPOO030, http://accelconf.web.cern.ch/AccelConf/linac2018/papers/tupo030.pdf.
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Construction of metal-substituted carbenium ion and silyl cation and their
applications for Lewis acid catalysts

Masaaki Okazaki Hirosaki University

Carbenium ions are promising candidates as organic solvent-soluble strong Lewis acid catalysts.
However, such trials have been limited for Mukaiyama aldol reactions, Sakurai allylations, and Michael
additions by using triphenylmethyl cation as a Lewis acid catalyst. Recently, we reported the reaction
between [(n’-CsHsMe)sFes(HCCH)(HCC-Br)](PFs) (1) and excess NEts;, leading to the formation of
[(n’-CsH4Me)sFes(HCCH)(HCC-CH=CHNE,)](PFs) (2) and [(n’-CsHsMe)sFes(HCCH),](PFs) (3) in 26%
and 49% isolated yields, respectively. A possible mechanism involving the generation of the free enamine
has been postulated. In this work, the reaction mechanism was examined by the reactions of 1 with enamines
under the similar reaction conditions.

The reaction of 1 with N,N-diethylvinylamine was performed in the presence of N'Pr,Et at room
temperature for 30 min. After volatiles were removed, recrystallization of the residue from CH,Cl,/diethyl
ether gave 2, 3, and [(n*>-CsH4Me)sFes(HCCH)(HCC-NEt,)](PFs) (4) in the molar ratio of 54:19:27 (scheme
1). Formation of 4 can be explained by considering the nucleophilic substitution reaction of 1 with NEt;H,
formed upon hydrolysis of enamine. When the reaction between 1 and diethylamino-1-cyclohexene was
carried out, 3 was obtained in 78% isolated yield. Formation of the [4Fe—4C]-substituted enamine was not
confirmed, probably due to the steric repulsion between the [4Fe—4C] moiety and the diethylamino group,
which are mutually located at the cis position.

These experimental results indicate the generation of a cationic [CCH] subunit on the tetrairon core
through the dissociation of the bromide anion. Coordination of NEt; to the Lewis acidic carbon atom
enhances elimination of a-hydrogen atom by another NEt; and intramolecular 1,4-hydrgen shift to form the

enamine and 3. Nucleophilic attack of the enamine to 1, followed by deprotonation by NEts, gives 2.

Scheme 1
)t ]+ —+ —
AL HE=CH HC=CH HC=CH
Ji %Ee%g NEwcHecty  Drel e B )—Eé%g B R
e Wi A o I e N
\ \ ; <
o 'd NEt,
1 H—C\ 3
N—Et
/
2 Et

Conference Presentation

Transformation of Tertiary Amines to Enamines at the Cationic [CCH] Subunit Bridged over Tetrairon Core. Ryo
Funada, Masakazu Nishiya, Shun Ohta, and Masaaki Okazaki, 65th Symposium on Organometallic Chemistry
(2018), Kyoto.
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Synthesis of Transition Metal Complexes Bearing a Low-coordinate
Phosphorus Ligand and Their Application to Catalytic Reactions

Tsukasa Matsuo Kindai University

In this joint research, we have planned to investigate the development of low-
coordinate phosphorus ligands and their coordination properties toward metal ions
for the future application as catalysts. This year we have focused on a new P=Si
bond breaking reaction of the phosphasilene with N-hererocyclic carbene (NHC).

We previously reported the reaction of the fused-ring bulky Rind-substituted
diphosphenes, (Rind)P=P(Rind) (Rind = 1,1,3,3,5,5,7,7-octa-R-s-hydrindacen-4-yl),
with NHC, giving the NHC-coordinated phosphinidene adducts, NHC—P(Rind)."
The experimental and computational studies indicate a stepwise P=P double bond-
breaking via the formation and destruction of the intermediate NHC-diphosphene
adducts with a highly polarized P—P bond.

The EMind-based phosphasilene, (EMind)P=SiPh(EMind) (1) (EMind = 1,1,7,7-
tetraethyl-3,3,5,5-tetramethyl-s-hydrindacen-4-yl) gradually reacted with NHC at
room temperature, resulting in a mixture of the NHC-bound phosphinidene,
NHC—P(EMind) (2), and silicon(IV) compound (3), along with the cleavage of the
P=Si double bond (Scheme 1). The products 2 and 3 have been characterized by
spectroscopic methods. The molecular structure of the NHC-phosphinidene adduct
2 has been determined by X-ray crystallography. We are now investigating the

reaction mechanism using DFT calculations.

~N N EMind, H
EMind 2ea )=( / EMind N
P N N
/S|=P\ —_— )IN> —p + Ph g—g\
H CeDs B
Ph EMind RT 3d \ ,}1
1 2 3

Scheme 1. Reaction of 1 with NHC.

1) N. Hayakawa, K. Sadamori, S. Tsujimoto, M. Hatanaka, T. Wakabayahsi, T. Matsuo, Angew.
Chem. Int. Ed. 56, 5765-5769 (2017).
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Colloidal quantum dots (CQDs), also known as semiconductor nanocrystals, are high-quality luminescent
nanomaterial that exhibit high quantum yields at room temperature. They are used for various applications
such as bio-imaging, color displays, LEDs, and lasers. They are also available for single-photon sources
(SPSs), which can generate single photons efficiently [1]. The SPSs have been intensively studied as an
important device for quantum technologies such as quantum communication, computation, and metrology.
The SPSs composed of CQDs can be easily fabricated by drop-casting diluted CQDs on a glass substrate. By
utilizing such convenient room-temperature SPSs, the development of further applications of quantum
technologies will be accelerated.

In this work, we studied the properties of SPSs composed of CQDs by simultanecous measurements of
photon correlation, g, and photoluminescence (PL) decay curves. We developed an advanced analysis
technique that is available for the study of the sequential two-photon emission (STPE) of biexcitons in wide
varieties of CQDs at room temperature. We improved the applicability of the analysis by considering a
higher repetition rate of the laser pulse than the inverse of PL lifetime of the CQDs. We performed the
analysis on the experimental data obtained for single CdSe/ZnS CQDs and compared the results with a
theoretical calculation based on a model considering the STPE of biexcitons in single CQDs. We found that
the analyzed experimental data, where a high-quality anti-bunching was observed on the g? curves, agree
well with the model calculation. We revealed that our advanced analysis technique, which facilitates
determinations of the quantum yield of STPE and the absorption cross section of single CQDs, are available
for various kinds of quantum dots and nanowires.

We also studied the characteristics of single photons emitted from CQDs using a low-noise detector
known as a superconducting-nanowire single photon detector (SSPD). The SSPD was designed to have high
detection efficiency in visible region and smaller dark counts than avalanche photodiode. We used a
homemade confocal microscopic system and a time-correlated single-photon counting board to perform the
time-gated g® measurements, where a part of PL signal is removed by applying a temporal filter. We
revealed that, for several numbers of single CdSe/ZnS CQDs, the value of g®) at time origin become
0.01-0.02. These values of single-photon purity are comparable to those reported for high-performance SPSs
composed of various kinds of material, working in visible region at room temperature. The results provide a
strong evidence that the time gate has a significant impact on the purity of single photons emitted from

CQDs.

[1] N. Hiroshige, T. Thara, and Y. Kanemitsu, Phys. Rev. B 95, 245307 (2017).
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Optical properties of lead perovskite solar cells by heterodyne
interference spectroscopy

Yoshihiro OGAWA Joetsu University of Education

Lead perovskite solar cells are expected as new solar cell materials from their excellent energy conversion
efficiency. To understand the electrical and optical properties of the lead perovskite solar cells, it is important
to understand the photocarrier dynamics in the medium. In this study, the complex dielectric spectrum of the
lead perovskite solar cells was measured by optical heterodyne spectroscopy using a mode-locked laser.

Supercontinuum light was used as a light source, and a heterodyne interferometer was made by inserting
an acoustic optical modulator (AOM) in each arm of a Mach-Zehnder interferometer to apply frequency
modulation. When frequency modulation of 40.000 MHz and 40.001 MHz is applied to two AOMs, a beat
signal of 1 kHz appears. The amplitude and phase of this beat signal correspond to the amplitude and phase
of the interference optical field. Therefore, by using a part of the light from the interferometer as a reference
and using a two-phase lock-in amplifier, the amplitude and phase of the optical electric field can be directly
measured by the two-phase lock-in amplifier. In this study, photocurrent that correspond to the population of
the photocarrier is used as the signal of the lock-in amplifier. An interferogram of the photocurrent is
obtained by scanning one arm of the Mach-Zehnder interferometer. Complex dielectric spectrum is obtained

by Fourier transform of the interferogram. As a sample, a

I T
lead perovskite solar cell MAPbBr3 single crystal was used, T _FLOt())(CU"e”t i
and the measurement was carried out at room temperature. % —
Figure 1 shows the interferogram of the photocurrent of % T i
the MAPDBE3; single crystal. Real and imaginary parts of the f: 0 A\/\{VA
1 L 1

photocurrent is obtained by heterodyne interference. Figure oa 02 0.0 02 04

2 is the complex dielectric spectrum of MAPDbBr3; single Delay time (ps)

crystal obtained by the Fourier transform of Fig. 1. In the Fig. 1 Interferogram of photocurrent.

real part, the peak shape at the band edge (2.3 eV) is

observed. In the imaginary part, absorption on the higher 6

energy side than the band gap and a weak peak at 2.18 eV 5

are observed. ;; o ]
We will henceforth clarify the photocarrier dynamics of "'?}

the MAPbBT3 single crystal using this method. % 2r ]

0 | |

Conference Talks: Y. Ogawa, H. Tahara, Y. Kanemitsu, 20 21 22 23 24 25
“Heterodyne interference spectroscopy of lead-halide Energy (ev)

perovskite solar cells,” 2018 Autumn Meeting, The Fig. 2 Complex dielectric spectrum of

Physical Society of Japan. MAPbB3; single crystal.
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Discovery of novel functional transition-metal oxides with
ultra-high-pressure condition
Wei-tin Chen  Center for Condensed Matter Sciences

National Taiwan University

Introduction

Recently there has been renewed interests in layered perovskite Ruddlesden-Popper A,+18,03,+1 systems due
to the improper ferroelectricity discovered in the n = 2 family members. In the compound with such structure
phase, the coupling of octahedral rotation and out-of-phase octahedral tilt modes drives polar distortions and
leads to a ferroelectric ground state. A thermodynamically competition to the improper ferroelectric phase,
however, occurs with a single out-of-phase rotation of the BOs octahedra about the layering axis c¢. Such
structure phase exhibits pronounced uniaxial negative thermal expansion (NTE). By studying the nature of
the compliance matrix in the Ruddlesden-Popper series Ca ,+1Ge,O3,+1 as a function of , it is recently pre-
dicted that the magnitude of NTE should be maximized for » = 1. With this in mind, we have synthesized
Ca,GeOs using high pressure techniques and show that it has the most pronounced NTE over the largest

temperature range recorded to date in these systems.

Results and discussion
Olivine Ca,GeOs4 precursor was prepared with conventional solid state synthesis. The initial high pressure
synthesis attempts for K;MgF4 (Ruddlesden-Popper n = 1) type structure using the olivine Ca>GeQOys as pre-
cursor with 6 and 9.5 GPa conditions proved unsuccessful. The phase was successfully prepared under
15 GPa ultra-high pressure synthesis with a Kawai type 2-stage apparatus at Advanced Solid State Chemistry
Laboratory in ICR. Further temperature dependent synchrotron x-ray diffraction analysis and density func-
tional theory (DFT) first-principles calculations were conducted. The pronounced uniaxial NTE in CaxGeO4
over a large temperature range can be understood to be driven by low energy lattice vibrations related to a
thermodynamically competing Pbca phase (shown in
Fig. 1) in which these octahedral tilts condense, and the
unusually compliant nature of the /41/acd structure. The
unusually wide temperature range which these soft
phonon modes persist may make them useful in control-
ling properties associated with thermal expansion, die-
lectric response and other phonon-mediated properties
such as thermal transport, and the thermoelectric effect.

Figure 1 Different possible octahedral rotations
The results are published in Chem. Comm. 2019. ! and tilts of the Ca2GeOs4 structure.
References
1. W.-T. Chen, C. Ablitt, N. C Bristowe, A. A Mostof, T. Saito, Y. Shimakawa and M. S Senn, Chem. Comm.,
DOI: 10.1039/C8CC09614G, FEB 2019
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Synthesis of Low-coordinated Group 14 Element Species with
Stable Redox Behavior

Takahiro Sasamori Nagoya City University

Partner Researcher: Prof. Norihiro Tokitoh ICR, Kyoto University

The principal research efforts of contemporary main group chemistry are focused on the
development of advanced organic optoelectronic materials and materials that can be used for the
activation of small kinetically inert molecules in the absence of transition metals. The
development of advanced optoelectronic materials requires suitable building blocks, and these
should exhibit the following physical properties: (i) a low LUMO level, (ii) a high HOMO level,
and (ii1) a correspondingly small HOMO-LUMO gap in order to promote the transfer of
electrons. These very requirements should also be advantageous for functional
main-group-element-containing molecules that aim at the activation of small inert molecules.
Even though thiophenes have often been used as building blocks for organic optoelectronic
materials, thiophene derivatives with a small HOMO-LUMO gap usually do not activate small
inert molecules. Selenophenes, i.e., selenium analogues of thiophenes, are also excellent
building blocks for organic optoelectronic materials. Specifically, they exhibit a smaller
ionization energy relative to thiophenes, which is reflected in an effective electron-donating
ability. Unfortunately, selenophenes are equally unable to activate small inert molecules.
Moreover, the variety of available organic functional groups and molecular designs should be
limited, given that the physical properties of thiophenes or selenophenes predominantly reflect
the m-electron-properties of the butadiene moiety, which suggests that substitution with organic
substituents and/or replacement of sulfur with selenium would not cause a significant
improvement. The replacement of the carbon atoms in the butadiene moiety in thiophenes or
selenophenes with heavier main-group elements has not yet been investigated in detail, mostly
due to a lack of effective synthetic strategies or appropriate precursors. We have focused our
attention on  stable 1,2-digermacyclobutadienes as  suitable  precursors  for
2,5-digermaselenophenes. We have succeeded in the synthesis of a stable
2,5-digermaselenophene and its reactivity in the activation of small kinetically inert molecules,

which is predominantly governed by its small HOMO-LUMO gap.

(1) 2,5-Digermaselenophenes: Germanium Analogues of Selenophenes, Sugahara, T.; Sasamori,
T.; Tokitoh, N. J. Am. Chem. Soc. 2018, 146, 11206-11209 (doi: 10.1021/jacs.8b07588).

(2) Reversible Isomerizations between 1,4-Digermabenzenes and
1,4-Digerma-Dewar-Benzenes: Air-stable Activators for Small Molecules, Sugahara, T.;
Guo, J.-D.; Hashizume, D.; Sasamori, T.; Tokitoh, N. J. Am. Chem. Soc. 2019, 141,
2263-2267 (doi: 10.1021/jacs.9b00129).
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Base Metal Catalysis for Creation of Functional Materials
Laurean Ilies RIKEN Center for Sustainable Resource Science

The most straightforward synthesis of functional organic molecules is the direct coupling of simple starting
materials through C—H bond activation. While this strategy has received much attention recently, there are two
major challenges remaining: 1) the starting materials often bear a complicated directing group, required for
controlling reactivity and selectivity; 2) the catalysts are typically based on expensive and toxic transition
metals, such as palladium, ruthenium, rhodium, etc. The purpose of this project is the development of catalysts
based on inexpensive and non-toxic metals such as iron for the C—H bond functionalization of simple arene
derivatives, and ultimately the utilization of the new methods for the creation of functional molecules.

During our investigations on iron-catalyzed C—H activation,' we have developed a triphosphine ligand (TP),
which in combination with an iron salt could Scheme 1. Iron-catalyzed C-H activation of ketones

Fe(acac)s/TP (10 mol%) PPh,
AlMe; / Catechol /

. . Me3SiCH,CI (1.5 equiv) H+
However, these reactions were restricted to + Ph
. . Ph—=—Ph Toluene, 110°C PPh,

methylation. During last year, we developed a new (1 equiv) 1P and Al base is crucial —

aluminum  reagent by  mixing Y 7

catalyze the C—H methylation of simple aromatic
[ I Ph
H

carbonyl compounds with trimethylaluminum.”

. . HO P HO pp
trimethylaluminum, catechol, and " * O ’
Ph Ph
(chloromethyl)trimethylsilane, and this reagent acted
. . . . R= F  94% SiMes
as a base for the iron/triphosphine-catalyzed direct OMe 75%  70% (>99:1) 57% (>99:1)

coupling of aromatic ketones with internal alkynes to
produce functionalized indenol derivatives (Scheme 1). Both the aluminum base and the triphosphine ligand were
crucial for the success of this reaction. Scheme 2. Proposed mechanism.

Notably, the reaction of unsymmetric AlMe, DCH,SiMe; (|e

alkynes proceeded regioselectively. A catochol \)/ / 6 \
plausible reaction mechanism in shown in ot /l C; KIE 1 \g

Scheme 2. The aluminum reagent transfers a

trimethylsilylgroup to an iron/triphosphine Hac—A(OD Feme e |'=e/ _ P—F“I;—-—-O R
complex, which coordinates the ketone and ° MeaSICH:Cl ké’ st Q{h%
readily cleaves the ortho C-H bond. The o P
resulting ferracycle carbometalates an alkyne, (o a-o_ R ( L /

C Fe\o ‘\R
following cyclization and transmetalation to Ph Ph

give the indenol product and regenerate the
iron catalyst.

This reaction is a rare example’ of iron-catalyzed activation of an aromatic carbonyl compound, and the
cyclative coupling with alkynes produces functional indenols, compounds of interest for medicinal chemistry.
Future plans include the investigation of other electrophile coupling partner, and the synthesis of conjugated

functional materials.

1) (a) Shang R.; Ilies, L.; Nakamura, E. Chem. Rev. 2017, 117, 9086. (b) Ilies, L. Journal of Organic Synthetic
Chemistry, Japan 2017, 75, 802.

2) Shang R.; Ilies, L.; Nakamura, E. J. Am. Chem. Soc. 2016, 138, 10132.

3) Kimura, N.; Kochi, T.; Kakiuchi, F. J. Am. Chem. Soc. 2017, 139, 14849.
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Development of first-row late transition-metal complexes with
constrained geometry using tridentate anionic ligands

Yoshitaka Yamaguchi Yokohama National University

Tridentate pincer-type complexes have generated significant interest because the pincer-
type ligand stabilizes the metal complex and its properties can be tuned to achieve optimal
reactivity. We have focused on the development of first-row late transition metal complexes
bearing tridentate pincer-type [-aminoketonato and [B-diketiminato ligands. These ligands
easily prepared by the condensation of acetylacetone with a primary amine tethering a “third”
donor unit. Therefore, we have demonstrated the systematic study on nickel complexes using
these ligands and we revealed that both the conjugated framework (B-aminoketonato and
B-diketiminato units) and the third phosphorus donor have significant influences on catalytic
performance [1, 2]. In this research, we investigate the preparation of tridentate pincer-type
iron(Ill) complexes and their application as a catalyst for the cross-coupling reaction.

We have already reported the synthesis of the tridentate 3-aminoketonato iron(Ill) complex,
Fe-ONN, and this complex acts as an effective catalyst for the cross-coupling reactions (Chem.
Lett. 2011, 40, 983.). Thus, in order to improve

the catalytic performance of the iron complex, /(ko /(k /(k
Fe-ONP and Fe-NNN were prepared. These (\| WCl wCl (\l WCl
complexes were isolated as purplish red and C| ~ClI C| \CI Q/' ‘CI
deep blue solids, respectively, whereas, NEt PPh; NEt;
Fe-NNN shows a highly unstable nature toward Fe-ONN Fe-ONP Fe-NNN

air and moisture. Based on the study on a series of square planar nickel complexes, the NNN
ligand brings about a sterically unfavorable situation around the metal center. The
five-coordination geometry in Fe-NNN might cause the iron center further steric congestion.
These complexes showed the catalytic activity for the cross-coupling reaction of
bromocyclohexane with phenylmagnesium bromide, whereas complex Fe-ONN, which has
already been reported, gave the best result. In iron complexes, the ONN-type ligand will be
considered to make an effective situation around the iron center. The modification of the ligand

systems and the preparation of their iron complexes are currently underway.

[1] Asano, E.; Hatayama, Y.; Kurisu, N.; Kurihara, Y.; Ishihara, S.; Hashimoto, T.; Ueda, H.;
Nagao, H.; Yamaguchi, Y. “Acetylacetonato-based pincer-type nickel(I) complexes:
Synthesis and catalysis in cross-couplings of aryl chlorides with arylmagnesium bromides”
Dalton Transactions 2018, 47, 8003—8012.

[2] Kurisu, N.; Asano, E.; Hatayama, Y.; Kurihara, Y.; Hashimoto, T.; Funatsu, K.; Ueda, K.;
Yamaguchi, Y. “A B-diketiminato-based pincer-type nickel(Il) complex: Synthesis and
catalytic performance in the cross-coupling reaction of aryl fluorides with aryl Grignard

reagents” European Journal of Inorganic Chemistry 2019, 126—133.
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[EM] 227 a g7 2=V 3T — A F =T =R F ) Fa—T OR/PMEKREMNTHY |, T/
A= N DV v TREEIC KT DRER O FREE A R T 2 L0, RUB VRIS EN 2RISR
PR IATeAR A M E LTI 28728 xRN TSN TS, ZTHE TOMZEIC &
V. 2 7unRTG T =22V DYVAFIATERIREIZENT (4NT2) o EFRIGFEFHEME, ks
7anRT 7 2= T AN BFRIFSFBEMEZRTZEBHONE R o], v/ aRT T 2=
Lo OEEREYE (HABEEBRE) X, @O EFRMEEWO R EFBRE S X820 | BiCx LTF
ITRALEICH D p PUEPSHAEMN T2 2 & TEIT D, MNGFFBREZ R ToH3IE e A EFR
72 HNEEBEMEOFEMICOWTIIRMA Z2E 0082\, £ ZTAIFETIE, 7 r 77 =
LU OHRNBEFBEEIZOWT, HimiE & FEAT b ZAWTHLNZT 222 M E Lz,
SEEZ, 7w T o= L O =EH (T) KREBICHKT D iENGEBRMEIZ OV TR
Lize 72, 27 0nlS 7 2= L 2R EIFE L G2 o) ) Fa—TWoED T, Ik
REIZHOWT b R R 21T o 72,

[EB 1] 250 Gaussian 09 F7-1% Gaussian 16 Z V. B3LYP Z L% & 9 5 2 L%
HEEToT, v aRT T 2= L U F A T EEE 3B L7 51 (S. Yamago, et al. J.
Am. Chem. Soc. 2016, 138,338.) #5%&|2 L CaRl L7,

(KR & B ARG EBRMES 7T ClE, RIE—FHE (S) KEL T, RETHEBRME L KFE
RIEDANED D ZERMLA TS (Baird H), BV A XDRRLH 70T 7 2= DOH
PEFE ([n]CPP,n=5-10) & ¥ F A4+ ([n]CPP*, n=5-10) @ T, IKHEIZ DU TE EELBIEGEHE &
1Tole e ZA, BOREZ IO LTHMERIE T, REBIZRD L HFEFEBEEEZRL, VT4 U0
T, RECKGFEREZ RTZEBHL N E R oT, S REEL T, RETHERMENKE S ELT
DT EE, EERERIA SR ML ERERILA T MVOGIRBRE BT 52 & &bt Lz,
VI ANRT T 2= L EER LT L) eiE R b0 ) Fa— TG EIEIC OV TEIR Lz L
A, vranRT T =Ly LRBRICHEREIT S, RIE CRAMNCIES FEMEEZ R T OICK L, T,
KRB 72 D LRI IF FRIE 2R L, ARG EHEMES T2 W TH — KB Baird Al 255K Y 52
DEEZLND,

[ ] (1) Near-Infrared Fluorescence from In-Plane-Aromatic Cycloparaphenylene Dications, Y.
Masumoto, N. Toriumi, A. Muranaka, E. Kayahara, S. Yamago, M. Uchiyama, J. Phys. Chem. A 122,
5162-5167 (2018). (2) ¥ 7 v /XT7 7 = =L OENEEFEBEMEIZE T 5 Baird HI”, #A #K, B
Wz, PR, T 0%, BRER SF, BRI, R Bk, il B4, 5 2 9 mIEEA L
Afime, 20184 9H6-8H, HAL
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Study of the reaction mechanisms of radical polymerization utilizing the
reactivity of organotellurium compounds

Yasuyuki Nakamura National Institute for Materials Science

Objective and Results of This Work. The mechanism of termination reaction in the radical
polymerization, i.e. the selectivity of a disproportionation and a combination, and the factors affecting them,
has not been unclear and controversial. In this research with Prof. Shigeru Yamago supported by the
Collaborative Research Program of the ICR, we carried out the model study of the termination reaction to
clarify the effect of solvent viscosity, especially “microviscosity”, on the diffusion of radical and the
termination mechanism focusing on the solvent cage effect.

Azo compound V-601 (1) and organotellurium compound (2) were used as the sources of radicals under
photoirradiation at various temperature and solvents with different viscosity (Scheme 1). The diffusion
efficiency (Fu) of the generated radical from the initial solvent cage was determined by the reaction in the
presence or absence of PhSD as a radical scavenger. The reactions revealed the Fy of radicals from 1 and the
selectivity of a disproportionation and a combination (D/C) of encountered diffused radicals (D)/C(q)) are
strongly affected by the solvent viscosity, and Fyg and D@)/Cg) showed respective good correlations with
microviscosity (imicro) Calculated from Einstein-Stokes equation and DOSY NMR measurements (Figure 1).
In contrast, the selectivity of caged radical pair (D)/C()) was rather insensitive. On the other hand, the
photolysis of 2 showed the diffusion of all radical generated and the determined D/C was well matched with
D)/Cq) of 1. The difference in viscosity dependence between D(/C() and D/Cq) is explained by the spin
state of the radical pair inside and outside the cage and the spin state dependent configurational changes of
the radical pair upon their collision. As the configurational change of the radicals associates the displacement
and reorganization of solvents around the radicals, the termination outside the cage which requires larger
change than that inside the cage is highly viscosity dependent.

Publications. 1) Li, X.; Ogihara, T.; Abe, M.; Nakamura, Y.; Yamago, S. Manuscript Submitted. 2) Li, X.;
Nakamura, Y.; Yamago, S. 67" Symposium on Macromolecules (SPSJ), 2018, 2B12.
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Scheme 1. Generation of radicals from 1 or 2, and the fate of the generated
radicals in the presence or absence of PhSD.
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Figure 1. Correlation of D/C with microviscosity
in the termination of radicals from 1 or 2.
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Novel Approaches to Prediction of Caspase Cleavage Sites

Jiangning Song  Monash University * Biomedicine Discovery Institute

Research Purpose: Caspases are key enzymes involved in cell apoptosis and play pivotal roles in regulating
and determining the fate of cells. Thus it is of fundamental importance to understand the functions of various
types of caspases and their target substrate proteins. To this end, computational prediction of substrate
cleavage sites is highly desirable and extensive studies have been done. We have also been studying this
problem and published some papers since 2010. In this project, we aim to develop next-generation methods
for improved prediction of caspase target substrates and cleavage sites. For that purpose, we will perform an
in-depth analysis of all existing tools and identify their advantages/disadvantages. Based on our
benchmarking analysis, we will further develop novel accurate prediction methods. We may also study other
related prediction problems in protein informatics and then further develop novel accurate prediction
methods.
Results: We conducted a comprehensive review and survey of 19 computational methods for predicting
protease-specific substrates and cleavage sites in the past two decades. We performed comprehensive
independent tests to assess the performance of existing tools for predicting protease-specific cleavage sites
across 10 different proteases. The results suggest that PROSPERous, which was previously developed by us,
is the most accurate generic tool for predicting cleavage sites of multiple proteases [1]. We also conducted
another comprehensive survey of 12 computational methods with a particular focus on assessing the
prediction of cleavage sites for caspases and validation via biological experiments [2]. Furthermore, we have
also developed iProt-Sub, which is a comprehensive package for accurately mapping and predicting
protease-specific substrates and cleavage sites [3]. Supported by the ICR collaborative grant, we have
recently developed a new deep learning-based method, MUscADEL, for predicting lysine post-translational
modifications [4] based on a comprehensive survey on a large collection of 49 state-of-the-art approaches,
and also developed a two-layer ensemble method for prediction of type III bacterial secreted effectors [5].
Publications:
[1] F. Li et al.: Twenty years of bioinformatics research for protease-specific substrate and cleavage site
prediction: a comprehensive revisit and benchmarking of existing methods, Brief Bioinform, in press.
[2] Y. Bao et al.: Toward more accurate prediction of caspase cleavage sites: a comprehensive review of
current methods, tools and features, Brief Bioinform, doi: 10.1093/bib/bby041.
[3] J. Song et al.: iProt-Sub: a comprehensive package for accurately mapping and predicting
protease-specific substrates and cleavage sites, Brief Bioinform, doi: 10.1093/bib/bby028.
[4] Z. Chen et al.: Large-scale comparative assessment of computational predictors for lysine post-translational
modification sites, Brief Bioinform, doi: 10.1093/bib/bby089.
[5]J. Wang et al.: Bastion3: a two-layer ensemble predictor of type I1I secreted effectors, Bioinformatics, doi:

10.1093/bioinformatics/bty914.
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Control and Analysis of Complex Networks via Minimum Dominating Sets

Jose C. Nacher Department of Information Science, Toho University

Research Purpose: Various biological information networks including metabolic networks, protein-protein
interaction networks, and ncRNA-protein interaction networks have the scale-free property (i.e., power-law
degree distribution), different from random networks. We have been developing theory and methods for
analyzing these scale-free networks. In recent years, we have been focusing on controllability of scale-free
networks and developing theory and methods based on the minimum dominating set (MDS), which is a
well-known concept in graph theory. In this study, we extend our MDS-based framework to handle
multi-layer networks. By the way, a new approach based on the feedback vertex set (FVS) has recently been
proposed to control directed complex networks. However, multiple minimum FVS configurations may exist
and thus the selection of vertices may depend on input data representations and algorithms. Therefore, we
need to extend the FVS-based framework so that so that the set of driver nodes is uniquely determined.
Results : For multi-layer networks, we defined the multilayer control problem in terms of the minimum
dominating set (MDS) controllability framework. Based on this definition, we mathematically demonstrated
that simple formulas can be used to estimate the size of the minimum dominating set in multilayer (MDSM)
complex networks. Furthermore, we developed a new algorithm that can efficiently identify the MDSM in
up to 6 layers, with several thousand nodes in each layer network. We also revealed that the MDSM size for
similar networks did not significantly differ from that required to control a single network. We applied our
methods to 70 genome-wide metabolic networks across major plant lineages, which unveiled some
relationships between controllability in multilayer networks and metabolic functions at the genome scale [1].
For the FVS-based framework, in order to address the ambiguity on the minimum FVS (MFVS), we
adopted an existing approach that classifies vertices into three categories, which had been successfully
applied to maximum matching-based and minimum dominating set-based controllability analysis
frameworks. We developed an algorithm to compute the critical, intermittent, and redundant vertices under
the MFVS-based framework, where these three categories include vertices belonging to all MFVSs, some
(but not all) MFVSs, and none of the MFVSs, respectively. The results of computational experiments using
artificially generated networks and real-world biological networks suggest that the proposed algorithm is
useful for identifying these three kinds of vertices for relatively large-scale networks [2].
Publication:
[1] Jose C. Nacher, Masayuki Ishitsuka, Shuichi Miyazaki, Tatsuya Akutsu: Finding and analysing the
minimum set of driver nodes required to control multilayer networks, Scientific Reports, 9, 576, 2019.
[2] Yu Bao, Morihiro Hayashida, Pengyu Liu, Masayuki Ishitsuka, Jose C. Nacher, Tatsuya Akutsu: Analysis
of critical and redundant vertices in controlling directed complex networks using feedback vertex sets,

Journal of Computational Biology, 25, 1071-1090, 2018.
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Development of prediction method for growth conditions based on
microbial genome information

Susumu Goto Research Organization of Information and Systems

Objectives: This research project aims at developing a prediction method for growth and
culture conditions of microbes, especially those unculturable and not-yet-cultured. Recent
advances in metagenomic analyses have provided a huge amount of DNA sequences of
microbes that may lead to complete genome sequences of uncultured microbes. The genome
information then can be used to infer physiological and metabolic potential. We use the
association between this potential and culture conditions, such as growth media and
physicochemical factors, for prediction of culture condition of a new microbe by its genome.
Experimental methods: We first selected 100 genomes (50 anaerobes and 50 aerobes) and
calculated module completion ratio (MCR) patterns by using the MAPLE system developed by
the collaborators (Dr. Takami and Prof. Ogata) and myself. The MCR pattern is an index for the
physiological and metabolic potential computed from the genomic contents (gene sets) and we
analyzed functional similarities of the 100 genomes by using principal component analysis
(PCA) of their MCR patterns. Next, we extracted their culture conditions from the growth
media data database being developed at the Database Center for Life Science and created
entries if they are not registered in the database. The growth media were also grouped based on
the components included in the media. We associated genome information with media and
physicochemical information by the relationship between MCR clusters and media clusters.
Experimental results and Discussion: The PCA result of the MCR patterns showed separation
between anaerobes and aerobes with a few exceptions, i.e. the first principal component was
correlated with the oxygen requirement for growth. Mapping the clustering results of growth
media to the PCA plot indicated that growth media similarity and MCR pattern similarity are
correlated. As a next step, we have mapped the MCR pattern of a microbe that is difficult to
culture in the known growth media and not in the original 100 genomes, and found that a
possible growth media from the microbe that is not similar in the phylogenetic relationship but
in the MCR pattern to the one we mapped. We are currently working on wet lab experiments
whether the growth media can work for the microbe. We also developed a new tool to assign
functions to a given gene set to improve metabolic potential calculation (Aramaki 2019).

Publications: Aramaki T, et al. BioRxiv. doi: https://doi.org/10.1101/602110 (2019).
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Li Y., Hingamp P., Watai H., Endo H., Yoshida T., Ogata H. Degenerate PCR primers to reveal the diversity

of giant viruses in coastal waters. Viruses, 10, 496 (2018).
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HADKREN L DFHRERV A NVADEMEL 7 ) KRS

HATER AR R

[ BA9] WFFEAEE T, UEICH DIRROKNE, TAH Y M T A= NIUERGT D 8HHER Y A
JV A Acanthamoeba castellanii medusavirus (Medusavirus) DZ73BEIZAKED U7z, Ak 29 45 & TOMFSE
WCED ZNETICHESNTWDERVANALFRRDLTVANATHLZ EBPALNERS>TE
77 & Z CTARMFZETIX., OMedusavirus 73 b DL BT 2 70 R FHONT 2 . {LZAAFSERT - #E
7tz B 2 L FREGEE . [RIRFEERA - H)Ie R 25 D& & L2 RRIFZEE L TITV., £ D5y
TR FHITIE . 2R DI E DO FELDOBMBREEZH LT 52 L2 E Lz, S HIZ 2RISR,
QOFEHDOKBRENPLFIHERTANAENMT D L2l AD L L,

[ 3257 71%] @GeneMark (Z & VAT > 75+ Tl A & & 1T, Medusavirus DV < DNDBEIRFITOUV
T AT A T H=T A7 AFHT 5 F R 24T o Toe @B TIA T 2 5iidL 2 )12 5Kk D
YTV TEATDN TA ST AR GEzE LIEHFRUANADR T V== T 5 ATo 0, 1556
NIz A N A D—H B F O IERSIFDE ATV, £ D01 R PRI 21T o 72,

[ =Bk ] Ok 29 425 O H[FEAFEIC L Y . Medusavirus 7/ A, 2FEA 381,277 bp (G + C =
61.7%) DOEFIR A DNA 7/ LA THY . BA DNA AR Y 27 —E, MCP (major capsid protein) .
DNA packaging ATPase, = L Ct A h VBin 772 EFEB T O3 1 2HMEITIZ L U . Medusavirus
DMd> NCLDV 7 7 X VU — & HE(LBYICHD TRV D & ARB STV 2, ARFEE T, Medusavirus
T DI KRS IEIE 2 R EO—FEY A 7 U B, 70 7T AIRESE LB D A X T AR—E
X R B OMIRBEEREITIZE D 5 Ran & Z1UE 41 homology D E\WVBIG T IMFET D Z E AL E
7otz @EEFFIRTOBIDKYF L TANE v VB 2 TANAREEZX LIND VANV A S
BET 2 Z Lo LTz, figaE L7z MCP B InFOHARS LY, ZOUANANTLEL 2T A LA
BRHEAZET 2R OANVATHD Z 300D, [Kyotovirus] & LTz,

[£%2] OMedusavirus BI5 T D5 2T 72 L1 L VY . Medusavirus X7 H > b7 A — 3% BIKTE
EETDUVANATHY THY FTA=NEDOHTINETE L DBIETFOKEBEH D> TE
T2 EMABMNE R 5Tz, £ Medusavirus DFERE L LD L BRZHLMNNZTHZ &I28Y ., B
AW OHALDOFETA > TWT D 2 EAVRIR ST, A HRIE Medusavirus & A~ > OFEREMAT, Ki 14
G2 E ATV BEEAEY & O BERZ2 b NCEDSFEILOH HE LEZH LI L T TIE
Th b, @L< 5B L7z Kyotovirus 1L, [l U< <A 27 A L ZARCHILOFRIE D & 7B S
72 Tokyovirus & IXRMN IR L Z LMW LNERY . BRENDO~/LE A 20 A )V ZARHTZERMEN
Roid Z RSz, 5%1F Kyotovirus D477/ NENT, ENOMHLE S O T A VA D53 E
T DR ATV, v 2T A NZAROEEEOH O E L EHA NI L TV FETH D,

(AR s ]

1. Yoshikawa G, Blanc-Mathieu R, Song C, Kayama Y, Mochizuki T, Murata K, Ogata H, Takemura M.
(2019) Medusavirus, a novel large DNA virus discovered from hot spring water, Journal of Virology (in
press).

2. OFARRER, #H)II56#, Romain Blanc-Mathieu, #& 5.2, AT BER. BEEAEW ERC 5 EEDOE A R
BIs &2 FFOHE K 7 A /L A Acanthamoeba castellanii medusavirus DfiEHT. 5 41 B ARy AW F4
2, K, 2018.11.28.-30.
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Machine Learning based Integration of
Diverse Biological Data with Network

Masayuki Karasuyama Nagoya Institute of Technology

A variety of biological data can be represented as a network such as protein—protein interaction
(PPI) networks and metabolic networks. Graph is an established way to represent network data
mathemtically, in which a node represents an object and an edge connecting two nodes represents
a relationship between the two nodes. For instance, PPI networks regard a protein as a node
and an interaction as an edge in a graph. On the other hand, we often have numerical data as
well, i.e., a set of feature vectors, and in particular we consider the case that each dimension
of a feature vector corresponds to each node of the given graph. In PPI networks, a gene
expression value corresponds to each protein (a node), and they are required to analyze
simultaneously. For practical analysis, the primary importance is often in analyzing
coordinated variations of the features on the graph to understand underlying mechanisms of
how the graph is related to the observed numerical data.

Based on the motivation mentioned above, in this study, we consider the following problem
setting: Identifying covariance structure generated from interactions on given graph nodes
and creating an interpretable representation of those interactions. When we consider the
numerical input data only, principal component analysis (PCA) and factor analysis (FA) are
effective basic tools to achieve this goal, which provide an interpretable data reduction using
a linear latent variable model. Obviously, these well-known methods are not optimal for our
purpose because they do not consider the graph at all.

For better interpretability, we employ a Gaussian based approach, in which the graph
connectivity is interpreted as conditional dependency. Our method, called graph FA, first maps
numerical data onto a graph using a Gaussian model having the graph connectivity as the
conditional dependency, by which we extract covariance explained by the graph. From the
estimated Gaussian, we construct a lower dimensional linear model by FA. The extracted lower
dimensional representation is easy to interpret because of the Gaussian assumption, and
summarizes coordinated variations explained by the graph connectivity, while naive application
of classical methods (like PCA) can not deal with the graph structure. We emphasize that the
procedure of graph FA is simple but has not been explored in depth so far.

An important contribution is to explore the connection between graph FA and a graph node
clustering. We prove that graph FA is a continuous approximation of a graph node clustering
based on a graph path-based kernel. This connection indicates that graph FA is effective not
only on the conventional noise-reduction explanation of the observation by FA but also on
identifying important subgraphs having strong interactions. In our experiments, we perform
a clustering based empirical evaluation on synthetic datasets, and also show results on a

significant subgraph identification problem in a biological network.
[1] M. Karasuyama, H. Mamitsuka, Factor Analysis on a Graph, Proceedings of the 2I1th

International Conference on Artificial Intelligence and Statistics (AISTATS 2018), vol. 84,
pp. 1117-—1126, 2018.
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AR FEE I L 20T X v U —7 OEZREITIE
FEHAE WEBERE S B— VT T RAT 4 2R 5 —

KBTI, OB OBLEN S . BB TRy N T —7 OHEESSERSAT (WEHF & B
F)IZE DRy NI ENRR 58, DFE D, Bl FOMEAR Y hU—72 ® case/control
(& DRI L BE L 72 2 R IR 78 - BERH PRI B2 1R E T D,

F7MEEAHALNICT 2, K1, 5 OB AEDOREED S H 2 DOBIETFOHHRE (K
17) |\ R COSEBTFORIZEOL— ~y 7 ThbH, K1IZBWT, Samplel-50 (Hx 1%, #E
W) Tk, BEFHEAE OEEORHIAWVICHE LT\ (K1 /A0 XH) 23, Sample 51-100
B 2T, DAEE) TIE B FRITAEWVIHENES U0 FLZRIAL TS (M1L£0e
F) o WL OPOBIEFBEVICHBE LTV (Sample 1-50) , Sample51-100 Tid, Z OFHBIHE
ERRELTRY ., 372bb, 26 DBIGFEEEN. NARSICIVFRELTVD Z L e gy
%D, AW TIE, DX S R E b OBE T HEZ RTINS 2 720 OB - Fiitn
IRFRAT UL EARTR T D

AR E CIXFIEORE, BIEERIC L 2BEFIEOTM, AEOBEFRIT —4F (Gene
Expression Omnibus ; GEO 2>5H AF L7 4E~K) 100 HEDOEMGFEE) ICEFE2EMA L. A%
ICERO S D BB RSB S 2 & 2R Lo, SFEEIE, BT TliE Sn s,
By N U — 2 BET 2 BAEFRED BARBI Z DR TS DR & T FERFEE & LR
HELOIERMXEPEL, BELFRERR TS, 4%, 77 7%y MU —7 8 (5 REEE.
Nguyen Bh#, ILEBhZ) | FHEMEHEEHS (Wicker %) | 72U XA~ A =0 78 (B4
Bz, WRAERER) ZBRE U7oH ol - BP0 110y b U — 7 RETIEDIRENE Z b,
o, IO OFNTIED BARI 22 M B B G ~OIEH (B X 1 XRF~DOIEH . KIEHERTR) Mk
BETH D,

Q | +]
- L
@ | 4
o ¢ ., j:*?' * a
¢ o et o ’::H»
© | ee [0}
o S AR
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o < £ *' * 8
5 ] A -
O © % “. AR Y
N «ka,"i*j» R m
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3t :
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Gene A Samples

1 case/control |2 XV HHEAME ST DB A5 T-6F A, B (Z8) & FARARFHBIMEIE L b 2 D&
BFREAEDE— vy 7 (F, IRWMEERBENEV), Bl A-EOTNSEEDORZ &L DH LR
D LD B E DL R 545, [Kayano M., Shiga M. and Mamitsuka H., IEEE/ACM Trans.
Comp. Biol. Bioinform., 11(1): 154-167, 2014 X ¥ #x#{]
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T A —/LDLEERK
LHETHE SIS

(B - 8] Fx 3B b ki s iz 2-F7 7 b — VEORBLR — 8l KISV T, ARk
L72ET 7 F—=ANESbIiibsh, A nUkRFEEZOBAMEN GO L5HZ2 AL TE 7
(Figure 1), BLERIEWNZ L0, KSRGS TREEMS T OND T UV —VEK, E7 U —VEK, BIO
AV R B EFFORRDIIL, 7 U ROMI»LHEESh TS, 7 U — L EkERioa e
A FEE RO OBEITE B SN TV WA, Fx TlE DNAESRREIZBW T, K
NSO EFRICBEE L TV D EER T, ZORBO T, 1993 F I HEE & HEREN HE S
LD, ' REGHBIORNT LAY B —/L (Figure 1) OREEMZRICET L=,

[?é%ﬁﬁ% . A:%%_\‘] 7~ L L’, Figure 1. Spiro-rearrangement and related natural spiro compounds OMe
7 — L O ERAL FBRAK & AR E OO
O

SNbH7x2F ML UBRE OHFeC'a'GHzo OO 8: é
FTTBVYRERT LR, e

Y1 2ARL., & OERNX binaphthol spiro-compound Blespiral
IS &3t L72 (Scheme 1), ZDFEHR., 77 % L U BROMEEZ L9 AT OdEr s TidZe < o BOHAl
D7 xF v MU VBROMEEZ OB ENET L, AT RRKE 3 REIETHE LN, Zh
X, BEMA 522K A Lob, 7=2F U FLURANC AT A BAE T 59K B OFH R
LEIRNZ EIWTRINT 5 L% 27 (Figure 2), T Z CHREA A Z LV LEICTHDIC, F74 L
VBN IR A E A U ERAATERA 2 2 AR L. B R AR Lz, L LAFEEICE
WTHEERWHFREIE B M 2T OS D EIT L, LB 4 B biLTc,

Scheme 1. Attempt for synthesis of blespirol precursors. Figure 2. Key intermediates A and B. Figure 3. Compounds 5 and 6.
Oi-Pr

[ iPro [ iPro
9 oL L
OH FeCly6H,0 o o ’O OH 4\o

VS.

OH ol o OH
° ¢ 90
XY | e
R'O

R? R?
R? A B
1;R"=j-Pr,R?=H 3; R" = i-Pr, R = H (82%) 5 R'=-Pr,R2=H
2; R' = Me, R? = OPiv 4; R" = Me, R? = OPiv (82%) 6; R' = Me, R? = OPiv

FROREEZ T LAY 1,2 OT7 = F 2 ML UBRO 9, 10 (&%t LI S, 6 &
B L7z (Figure 3), 77 Z L VERENVE VRN O R DERMATE S, 6 Tid, 77 % L U BRAIDAA
B DLHR, NXUBVRMPRET DX b =X L X —ICER T, ITLOEA UG EITT 5 &
HE LT, BERICRISZAT -T2 & 2 A 18 DAL TIIRIS D EIT Lo 7o, £ 2 THIEL
b DD, EENGHT 5 LT, 9,10 ALt SN TEEY 1,2 NEE L E 20 R SUR A
EIT LB OND A REVIK 3, 4 DWEMERZEINDICEE T, 20D, BfEIT7 =
FTUPLUVBRMORMGONCEUREBTLET N PR 7= F U L URERT DILEME
AL BN RE L TV D,

1) Yamaki, M.; Bai, L.; Kato, T.; Inoue, K.; Takagi, S.; Yamagata, Y.; Tomita, K. Phytochemistry 1993, 33, 1497-1498.
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Studies on the reactivities between curved pi-conjugated molecules and
transition metal complexes and their applications

Sensuke Ogoshi  Osaka University

Cycloparaphenylenes (CPPs) have attracted immense scientific interest because of their fascinating structure,
physical properties, and potential applications in materials science originated from their nonplanar and conjugated
structure. In particular, recent achievement in the large scale synthesis of CPPs opens a new possibility to study
their reactivities and the synthesis of their derivatives by late-stage functionalization. As a part of our ongoing
studies to elucidate the reactivity of CPP, we became interested in the reaction of CPP with a transition metal
complex. Hear we report the carbon-carbon (C-C) bond activation of CPPs by a transition metal complex.'

The C-C bond

o
.. . Pt (PPh c
activation reaction of PPhs)z
[#]CPPs was first O s O s
) o Pt(PPh), (1) 1.CO (1 atm)
examined by mixing O O (x equiv) O _f1060°C,5h _ O O
o 2. PhICl, (2.2
[5]CPP and one 800r100°¢ o-C |255(H4 eau)
. /) 150 °C, 18 h
equivalent of Pt(PPhs)s (IoPPS s O s O
3
(1) (Scheme 1). After Pt PPhy) c
heating at 80 °C for 6 h, ainoo) SZZ: Emiiéﬁi ab
b (n =6): 91% (from x = 2.0) 75% (2 steps)

analysis of the crude  Scheme 1. The C-C activation of [#]CPPs and subsequent transformation.

reaction mixture

surprisingly indicated the formation of the cyclic dinuclear complex 2a in 47% yield. While the reaction would take
place a mononuclear platinum complex, such as 3, no such product was observed. When 2.2 equivalents of 1 was
used, 2a was obtained in 94% yield. The scope of the C-C bond activation was next explored using other CPPs. The
reaction of [6]CPP with 1 (2.2 equiv.) required higher temperature than that of [S]JCPP but selectively afforded
cyclic dinuclear complex 2b in 91% yield.

The transformation of 2 into cyclic molecules was examined using 2b as a substrate. When 2b was exposed to CO
(1 atm) at room temperature for 1 h, one phosphine ligand on the both platinum was quantitatively substituted by
CO. Subsequent heating at 60 °C for 5 h followed by the addition of PhICl, (2.2 equiv.) at 150 °C for 18 h gave
cyclic diketone 4b in 75% yield from 2b.

In summary, the C-C bond activation of CPPs was achieved for the first time by employing Pt(PPh3)a.
Successive C-C bond activations take place giving cyclic dinuclear platinum complexes, and this is a rare example
of the cleavage of two C-C bonds in one molecule. Furthermore, a cyclic complex can be transformed into a
cyclic diketone by CO insertion. Other unsaturated molecules would be inserted giving various cyclic molecules.
Such possibilities are now under investigation.

1. Kayahara, E.; Hayashi, T.; Takeuchi, K.; Ozawa, F.; Ashida, K.; Ogoshi, S.; Yamago, S. Angew. Chem. Int. Ed.
2018, 57, 11418-11421.
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MO G EFREREN LR DZARMEAEMIL, BEFMEOHRR BT, @B AREALCABE VM E
mE. ZHESERHEREEE AT D, —H . HEREREEN TH L7 AV HITEOEFEICHRT S
R iR T B 2 T 2 L DT A B REE O R BLICBLER 3 FF o D, Bl AE. AR L D 72T
T ALY D 2MNIA~T B BREZEN LTALEWIE. &R A A4 & 2EENLTREA L, AIfDEfER o9t %
HTDHEITRDTEBMOENT VD, AUFEIL, ~T 7 XL ORLICE R Z 2 T, Fri- /e pkee
PYDORBA~OFEROMNLZT —~ & L TWD, £, ~7T a7 AV VFERITETF R —E b0
77—V AR E LAV ARG~ OIS 2RI AN TV D, IR ‘“;
%KﬁLSV?ﬁ?fvy®2&“@%%@%@%%1%@%&%5%Lko<:;[

[ 8 14]

PR, 7 AV ORI BI T DR T B & SUSHE R OO AEBIBIFR 3B & 2T 72
VoD 5, AL TIE, £3, EFEEICHE, 2-3— -1, 3-U 77 XL L ORIGNTBWT, fHix
DT =F 2 HNT, AL~DREMIMBUEE . 2ALTO /BT = A ZIVEEIED EH & 3 S
ThIPEHMIRF Lz, 1,3-UT YT AL ET AL HOTTHEBEME Th 5720, 2010
REEBRIEA R D 72010, HF A « BE - W HOW T4 it 2 BN, £7-, EEm0EEc kS
27 v bRl ERE OSBRI, B2, BRORBAEZ AW a2 0y 7Y U TRISICE D 2-
EREROERIZ OV T HEODRFT LT, FiZ, CCRHEGIENNT CNBEDOEMICEBE L, hy TV v
TR OILER T FIZ DWW TELE LT,

[R5 5 & B2
NB S — A ZVEHORIZ OV TR, Ae B 3EIZ n-Buli, i-PrMgBr, BusMgLi, Et.Zn %A/
L. THF FCKIGEIT 272, —100CH B ER E TOR TR LR, REIS, 2134 fi~DK
EMIMBOGEZ 0 . 2L O&RACITHEIT Lisoo 72, £7o, @m0 E S LT LTMP £ 721X LHDMS %
MWT L3 VT HT XD 207 v b B &R E USRI Tz & T A BORFETE T JFEHEIX O
Irllpote, —Ji, 2-F—FR-1,3-UT VT AL LFix D&KL A=Al v 7Y TR

3. % OHE S EACSIE P HEST LR O #235% 572, PhSnMes & O SOt CRfEELZ Pd (dba) »/DPPF,
I NP 2 WD 2 & T, R 18N v 7Y U TR ESD ZENTE e, TALV V1N
DEFIF A XD IEA~OWFIEAORBERRKE N EMERIZER > TWDHEEZLND, ZOk
RE2ZTT, YA (MU AFILTUN) T 20 DORIG%E Buchwald-Hartwig 7 v A% v 7Y > 7 (fi
#% : Pd (dba) o/XPhos, ¥ : NWP, ik : CsF) OFRMFTRHATZLE Z A, BEX[2-(L,3-V T FT7 A=) ]
TIUBELNTE, ZOWMEMITEREA A LR ENLRES L. fantErym <. AIHDEEE TR A R
T, Stk SISO W THRET 2 FETH S,

[ R ]

HARMLZERE 9 8 BREFES THHl T V7 XV U FE ROk & i) (2018 423 A 22 H)
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L LTORMMNIRD 2 Z IR S D, AR 2 VORI EMIT, 5 F DRk % 211G 25 #)3
ARETH 2 M T HERD T Y = SRR EM & — 84 BT HRe (T 5- O FREE 2 R > T\ D, & 0 biT,
Ro— (p BEER) L7 7 &7 57— (0 BNEEMK) OGRS & 3 5 A R E
MAER ZEDTWD, ZOKGEMIZEMREEREZ 2 AWV BERRN 2D, ARBEAE K
B L 0 BISHAEEHEAIANZ E RSN TWD L OO, ZONEBEEBNROFE 2 H 1 ESMET
bb, T THEEIL HRREEFV T NVDOET7 vFax=y FefWizp BIRY ~— BLOY
n BURSF DRI 21T - 72,

EERFER  p AERICRBW L, SEHEREOM LS I SRR TE L Z s, R
T==7 27T H—=D-AH & R v —EPER SN TN D, D-A R v —DOffk=~= >
WCEHTDE, 2k R —a2=y BRI TWE—FHT, 7787 % —a=v MISHEEZ
T BIRDFIIMEIRE LTROENTVND, BAIZINETIIR Y UAF Y 7 a7 VT UAigRT
AT 2N T v RF A T OEANLET VT X —2 =y NPDF) £ VF =/ ua— L DIS)E &
MAaGbdiz D-A 2R ~— (DTS-T-PDF) Z B3 L, p BUBERMELE U CTHMICHEEET S 2
EERRHLTWD, 7782 —a=y FOWHERYME L KEGEMAIEIC G 2 DB LI LT 5
eI, N OTFFT 2 A8 TH FREN T v BRI EEANLICHBT 7 87 % —=2 = MNTF,
FCeT, FC;T). BLUO a7 7 87 Z =i T 2HHD-AR » Ka R ~—25 LT, K
Bo B M ARF I 2 BT L 7, E 72
BRI E 7 v RT I T2 —

FF F F @ .
— F F| F F §™N-CeHis  g™~CoHs i
a=v b LTT7vHRT 7 - = DTS-Tg-TF (R=n-CgH1a)
. R . o 0| o o0 o©O 6 © © DTS-T4o-TF (R=n-C1oHa1)
ERARTFT TV — L R 7 7 R DTS-T,,,-TF (R= 2-ethyl hexyl)
s s s
TF

(FNTz) ZBi% L, “had PO FCST FC,T et
DTS-Te-FCqT (R=n-CgHys)
te n RUK D FHEIR BIGT, DTS-To-FCeT (R=H)
#HaRU~v—L PC;BM %l oymenzaton
HEDETKEM SR 21
KL T, ELRBMEHE 21T o 72, TORK, ETOaRY ~— THRELBRFEN B S, p B
AR E LCTHRET 2 2 L vbotz, &R Y ~—DHTH, DTS-TTF (£ 13.11 mA em™ D%
FEFEME 2R L. IRbmEW 4.92% DL BABNRNGE LNz, £, K5 F n BERIT P3HT &
DB EORETRFITBW T RER LB SN2 L6 7 v RIFFEAONR PR SN,
RBER#ME : Y. Ie, Y. Kishimoto, K. Morikawa, Y. Aso, J. Photopolym. Sci. Technol. 31 (2018) 145-150; S.

New acceptor units

= FC,T
DTS-Te-FC,T (R=n-CgH,3)

Chatterjee, Y. Ie, T. Seo, T. Moriyama, G.-J. A. H. Wetzelaer, P. W. M. Blom, Y. Aso, NPG Asia Mater. 10
(2018) 1016-1028.
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(X 1b) , fEE R ORERFELZRE L2 2 A, BER Pb a7 2Ah A FTlEAY e (&
JEIR T & & BIE RN 28T DI L, Sn/Pb _u 7 ZAH A FOIEF 7OV ATy R EEEE >
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Sn/Pb N T AHA N THD TR SN REFELZ T Y VT b7 v TITERT 570, KEE
ML DMOFTFHERRIZ & > IR AT 4 TR 52 503, KB CHERLZHH T L VI E
R CHAENRZE T ~ORBNATHEN D L2, AEEM e 7 2 A4 MIEEMRAEERE 7721 T2l
NAT Yy REEEE L TORRREER - FEUENSB IO Z LB/ TE 5,

[1] K. Yamada, R. Nishikubo, H. Oga, Y. Ogomi, S. Hayase, S. Kanno, Y. Imamura, M. Hada, A. Saeki, ACS
Photonics 2018, 5, 3189.
[2] R. Nishikubo, N. Ishida, Y. Katsuki, A Wakamiya, A. Saeki, J. Phys. Chem. C. 2017, 121, 19650.
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Development of Small-Molecule n-Type Organic Semiconductors
That Can Be Processed via Precursor Approaches

Mitsuharu Suzuki Division of Materials Science, Nara Institute of Science and Technology

Objective. This project aims for the preparation of high-performance organic semiconducting thin films by
taking advantage of precursor approaches, which provide unique opportunities in controlling thin-film
structures. The work during this funding period has focused on the synthesis and preliminary evaluation of a

new tetrabenzoporphyrin derivative 4CF;BP. This compound was designed for use as n-type material in

organic solar cells (OSCs), and can be obtained via

a thermally induced refro-Diels—Alder reaction of

—4C,H,
O CF, Q
Experimental. Thermal precursor 4CF;CP was “mixture of
4CF;CP* stereoisomers 4CF;BP

synthesized through a slightly modified procedure
Y & gty P Figure. Chemical structures of 4CF;BP and its thermal

from the reported protocol for the parent CP (Ono, | Precursor 4CFsCP.

N. et al. Heterocycles 2000, 52, 399). Thin films of 4CF3;BP were prepared by a thermal precursor approach;
namely, by spin-coating of precursor 4CF;CP (5 mg mL™' in CHCl3, 800 rpm, 30 s) on glass/ITO substrates
followed by heating (160 °C, 30 min) to effect the retro-Diels—Alder reaction in the solid state. The
frontier-orbital energies were estimated from the ionization energy (/E) measured by photoelectron
spectroscopy and the onset energy (Eonset) in photoabsorption as HOMO = [E and LUMO = [E + Eonset.

(HOMO: highest occupied molecular orbital, LUMO: lowest unoccupied molecular orbital.)

Results and Discussion. The synthesis of 4CF3;CP was accomplished through a “4 + 4”-type cyclization of
the corresponding pyrrole and hemiacetal derivatives in the presence of an acid catalyst. The conversion of
4CF;CP to 4CF3BP was spectroscopically confirmed to proceed in the thin film state. The frontier-orbital
energies of 4CF3;BP thus deposited were determined as —5.5 eV for HOMO and —3.9 eV for LUMO. These
values are significantly lower than those reported for many typical p-type materials used in OSCs. For
example, one of the prototypical p-type polymer P3HT shows the HOMO and LUMO energies of —4.9 eV
and -2.9 eV, respectively (Gupta, M. et al. ACS Appl. Mater. Interfaces 2018, 10, 5569). Therefore, it is
expected that 4CF3;BP deposited through the thermal precursor approach would serve as n-type material in

OSCs with a wide variety of p-type compounds.

Publications and Presentations. (1) Eunjeong, J.; Takahashi, K.; Suzuki, M.; Nguyen, T.-Q.; Yamada, H.

Modulation of orbital energy levels of tetrabenzoporphyrin toward increased open-circuit voltage and
possibility as n-type material in organic solar cell. Poster presentation at the 79™ JSAP Fall Meeting, Sept.
18-21 (2018), Nagoya Congress Center.
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Synthesis and Thermoelectric Performance of n-Conjugated Coordination
Polymers

Michihisa Murata Faculty of Eng., Osaka Institute of Technology

One-dimensional (1D) polymers!3 that consist of m-conjugated metal-bis(dithiolene) units have
received significant attention on account of their unique properties, which include high conductivity, and due
to their potential use in organic thermoelectric materials.

Although a 1D metal-bis(dithiolene) polymer 2 prepared by
the use of precursor 1 has shown high thermoelectric performance,* o= I =0 i I %; X[K']
examples of such 1D conductive polymers remain limited, most
likely due to a lack of versatile methods for the preparation of oxygen-sensitive tetrathio 1igands.5 In a
different context, we have developed an improved method for the controlled synthesis of structurally
well-defined multimetallic gold-bis(dithiolene) complexes, which led to the formation of 1D rod-shaped and
2D starburst structures as potential precursors for molecular conductors.®

We have previously reported an efficient synthesis of benzenetetrathiol derivative 3, which contain
cyanoethyl-protected thiol groups, by Pd-catalyzed cross coupling reaction as air-stable precursor (Scheme
1). In this work, precursor 3 was directly converted into metal-coordinating polymers in one pot. For
example, nickel coordination oligomers/polymers with benzene-tetrathiolate ligands?? were obtained by
treating 3 with Ni(OAc),' 4H>O in the presence of a base at 60 °C. A subsequent oxidation with iodine
furnished black polymeric solids. The conductive film fabricated by using 4 and PVDF as an additive’ was
found to exhibit p-type thermoelectric properties, which stands in contrast to previously reported

thermoelectric characteristics of n-type nickel-coordination polymer 2.4

Scheme 1
BusSn.< CN
R Y 1) NaOMe / MeOH
Pd,(dba)s CHCl, Ni(OAC)y-4H,0

Br Br  pph, NC/\/S:OiS\/\CN MeOH 60 °C :@i
° y [Na’]
Br:©i3r toluene, 120 °C NC~g s >CN 51, AcoH

3

1) H. Poleschner, W. John, F. Hoppe, E. Fanghinel, S. Roth, J. Prakt. Chem. 1983, 325, 957.

2) C. W. Dirk, M. Bousseau, P. H. Barrett, F. Moraes, F. Wudl, A. J. Heeger, Macromolecules 1986, 19, 266.
3) R. Matsuoka, R. Sakamoto, T. Kambe, K. Takada, T. Kusamoto, H. Nishihara, Chem. Commun. 2014, 50,
8137.

4)Y. Sun, L. Qiu, L. Tang, H. Geng, H. Wang, F. Zhang, D. Huang, W. Xu, P. Yue, Y.-s. Guan, F. Jiao, Y. Sun,
D. Tang, C.-a. D1, Y. Yi, D. Zhu, Adv. Mater. 2016, 28, 3351.

5) C. W. Dirk, S. D. Cox, D. E. Wellman, F. Wudl, J. Org. Chem. 1985, 50, 2395.

6) M. Murata, S. Kaji, H. Nishimura, A. Wakamiya, Y. Murata, Eur. J. Inorg. Chem. 2016, 3228.

7) A. K. Menon, R. M. W. Wolfe, S. R. Marder, J. R. Reynolds, S. K. Yee, Adv. Funct. Mater. 2018, 28,
1801620.
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MINRBER S L MRS B LTl T ) TR o FDERE
% DYy FEAM

BRI RFERTFBE B RBHE SRR

FH T 2 VBREMPANET B VRS T THHTFT = 7 VHEIL, BTG R R 2 R 01
DEEL LN TEY, AEERE N PR % (OFET) AR EM (OPV) OIEWE
THWHATWDS, IRIETIE, T/ TR R FICHEIZRRDA~T i F A lABIALTE~T 1 F
T TRATOWVWT S, ZTORREEMIEDTE & £ OYIEICET DHIEREAIATOA TV D,
AT, FHTF =) TRV R TELTYVT ) 7T 0 EXOERRICER L, vF= /7
T UHERT, BRIATHLUT ) T T = UHERICEAS HR IR PEL A TD, LD
BN EERHE R BT 5 Z EBRIR SN 0T HECH D, LinL, VF =) 7T UHFEEROARK
HBIX, TNET2HWOATH Y, LV o IEE LEFEROSHRIEITHRA SN Tnihotz, Al
ez IAIMBEER G F £ O Pd filt 2 I T2 K SRR BR UGS IZ K o TRhRIZ Ay oF o ) 7
7Y (BDTF) # & T 2 FIEELRBE L, ZOMELZICH T2 TRV Y OF2 ) FA4 T2
(BDTT) OZh=AIE S 2R L7z (Scheme 1), 72, LV nftiR L7eFHE KOG 7Y o
B & 0T 2 & HIZZDH D5+ D —o) p BREERERE 20742 & b RWE L, S5IT,
#5472 BDTF & BDTT O L O 217, Si758 Y BDTF ML 72 #ORrE 20”3
ZEAE R LT (Figure 1),

Scheme 1. Syntheses of Benzodithienofurans and Benzodithienothiophenes
1) addition—
Br HO elimination oxidative
Q_g Z/—) reaction Q—S Z—) cyclization @—5_7\—) 1) bromination Q—S—Zl
s ¥ s~ 2) reduction 2) cross-coupling
o \\o benzodlthlenofuran

1) addition— (BDTF)
Br s elimination
Q—§ Z—> reaction Q—Q—) reduction Q—S_Z—> 1) bromination Q—S—Z—)\
s\ * s~ 2 oxidative s 2) cross-coupling
d o cyclization " be) benzodlth|enothlophene
(BDTT)

Figure 1. Comparison of physical properties of Benzodithienofurans and Benzodithienothiophenes

2 CN

BRBE

(1) Kurimoto, Y.; Mitsudo, K.; Mandai, H.; Wakamiya, A.; Murata, Y.; Mori, H.; Nishihara, Y.; Suga, S.
Asian J. Org. Chem. 2018, 7, 1635. (Selected as a Cover Feature: Asian J. Org. Chem. 2018, 7, 1427).

(2) Mitsudo, K.; Shigemori, K.; Mandai, H.; Wakamiya, A.; Suga, S. Org. Lett. 2018, 20, 7336.
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Biogeochemical study of bioactive trace metals in the aerosols over
northern North Pacific Ocean

Yuzuru Nakaguchi School of Sci. & Engineer., Kindai University
Purpose)

The purpose of International GEOTRACES research plan is 1. Elucidation of the flux of trace
elements and isotopes (TEIs) at the marine interface, 2. Elucidation of the TEI cycle in the ocean. In addition,
It is aimed to know the role of micro nutrients in marine biogeochemical processes. The northern North
Pacific has a large amount of nutrient which inflow from inflowing rivers, etc., and it is one of the sea areas
where primary production is the highest. In the northern North Pacific, not only high concentrations of
nutrients but also biologically active trace metals are expected to be high in areas with high biological
production. The source of these elements to the sea area is not only the incoming river but also the process of
transporting terrestrial origin by the air. In this study, atmospheric aerosol samples were collected in Hakuho
Maru KH - 15 - 3 cruise (the East China Sea) in 2015 and KH - 17 - 3 cruise (the northern North Pacific) in
2017. From the analysis results of bioactive trace metals and ion components in this sample, we aimed to
elucidate the biogeochemical circulation cycle of BATM in the East China Sea and northern North Pacific.
Method)

Atmospheric aerosol was conducted on the KH-15-3 cruise in the East China Sea (October 14 -
November 2, 2015), and the North Pacific in the KH-17-3 cruise (June 23 - August 7, 2017). Sampling was
carried out by the high volume air sampler (AS-9, Kimoto Electric Co., Ltd.) on the upper deck of Hakuho
Maru. The aerosol sample was collected on the PTFE filter for the two particles size. (Coarse particle: >2.5
« m or more, fine particle : <2.5 1 m ). After sampling, the PTFE filter was divided by two or four part, a
part of the PTFE filter was used for ion analysis by using an ion chromatograph system. Another part was
transferred to a closed type teflon decomposition vessel, and after decomposition with nitric acid, perchloric
acid, hydrofluoric acid, BATM was analyzed using an inductively coupled plasma mass spectrometer.

Results and Discussion)

The average concentration of Total - Al was 10.19 ng / m’ in the North Pacific and 123.11 ng / m’ in
the East China Sea. Observations in the East China Sea were not affected by yellow sand during the period
when collection was carried out, but in the East China Sea near the Asian continent it is affected from the
continent, and the particles transported are reduced by the distance from the source. The total-Al
concentration in the East China Sea was higher than that in the North Pacific. The average concentration of
Total - Pb was 0.03 ng / m’ in the North Pacific and 1.97 ng / m’ in the East China Sea, respectively. Total -
Pb showed high concentrations in the Americas side and the Japanese archipelago side in the North Pacific
Ocean, and, it showed high concentrations near the Asian continent in the East China Sea.

Achievement report) Tsuji N., Taniura R., Oku N., and Nakaguchi Y., Study on the bioactive trace metal in
the marine aerosol over the northern North Pacific and the East China Sea, The 65th Annual Meeting of The

Geochemical Society of Japan, Sep., 2018, Ryukyu university in Okinawa Prefecture.
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In vivo detection of temperature change using optical spectroscopic
characterization of metal nanoparticle

Miya Ishihara National Defense Medical College

Introduction: The temperature inside the living body is one of the most important factors affecting various
physiological functions such as metabolism and biological rhythm. Various temperature measurement
methods have been developed. In recent years, the local temperature distribution inside and outside the cell
can be visualized. As biological knowledge of temperature information increases, there is a high necessity
for spatiotemporal temperature distribution information. Therefore, in this research, we aimed at
fundamental research on photoacoustic measurement method aiming at imaging of temperature distribution
in one individual.

Principle of temperature measurement: The principle that the temperature distribution in tissue can be
visualized by the photoacoustic measurement method is as follows:

Gruneisen parameter related to photoacoustic signal generation efficiency is used. The Gruneisen parameter
(I') of water is temperature dependent (Burmistrova et al 1979, Sigrist 1986). These studies demonstrated
the linear dependence of the photoacoustic pressure intensity on temperature in water including living body,
thus, it can be expressed by an empirical equation:

[ =A+BT (1)

The photoacoustic signal intensity P (z) is as a function of the temperature T (z) (Eq. (2)), which is the

temperature distribution in tissue shown in Eq. (3). . is absorption coefficient. L. is attenuation coefficient.

P(z) = (A + BT(2) )kpgFoe(~Herr?) )
D-P(z)
T(z)=C+ m, (3)

Experiments: In this study, we tried photoacoustic measurement of Gruneisen parameter. It was confirmed
that there was no deformation of the metal nanoparticles synthesized by Teranishi Laboratory due to light
irradiation at the time of measurement. Under the condition that the Gruneisen parameter of the solvent was
varied from ['= 0.094 to 0.62 under the condition of constant absorbance, change in the photoacoustic
signal intensity was measured with highly reproducible photoacoustic method with coaxially placed light
source and ultrasound transducer. As a result, it was possible to measure I" with an error of 5% or less.

Discussion: By clarifying the mechanism of the pain and temperature sensation directly related to
temperature change in the body, it can contribute to drug discovery development research and nerve

regeneration research of neurological diseases.

M. Ishihara, “Role of photoacoustic images in in vivo imaging technology” The 23th Kumamoto University

Gene Technology Center workshop, Kumamoto (2019)
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Correlated molecular motion in polymeric liquids

Sathish K. Sukumaran Yamagata University
Multichain models for entangled polymer dynamics directly simulate an interacting many chain
system. In contrast, single chain models model the motion of one chain while accounting for the
effect of other chains on “average”. Single chain models have been justified by assuming that,
even in a dense liquid, each polymer chain moves independently of the other chains. However,
using molecular dynamics simulations, Cao and Likhtman [1] showed that there exist significant
correlations between different chains which contribute to the time variation of the orientational
relaxation. These correlations were attributed to the excluded volume interactions between the
chains with the entanglements contributing little. However, there exist multichain sliplink models
where the excluded volume interactions are weak and the coupling between chains arises mainly
due to the entanglements. Therefore, we have been investigating the crosscorrelations between
chains using a multichain sliplink model, the primitive chain network model.
For a direct comparison with the results of Cao and Likhtman [1], we calculated the orientational
relaxation for the subchain vectors between sliplinks. The crosscorrelation contribution to the
total relaxation function increases with time monotonically and saturates at a plateau value of
approximately 40% near the terminal region. In the terminal region, the autocorrelation and the
total correlation functions could be superimposed by rescaling. The relaxation function of the
end-to-end vector of the chain, which corresponds to the dielectric relaxation of type-A chains,
had negligible contribution from the crosscorrelations at all times. To understand the difference
in the crosscorrelation contributions to the subchain relaxation and the end-to-end relaxation, we
systematically coarsegrained the chains. At each level of coarsegraining, we found that the
crosscorrelation contribution to the coarsegrained subchain relaxation decreased [2]. To better
understand the high frequency region, we have developed a novel method to convert the stress
relaxation modulus to the dynamical complex modulus [3]. This method can yield artifact-free
conversion even at high frequencies where typical methods fail. We hope to use this new method
to investigate the correlations in the high frequency region using multichain models that include
excluded volume interactions between the monomers.
The above results may appear discouraging as they question the value of single chain models.
However, as the crosscorrelation contribution to the macroscopic physical quantities strongly
decreases with coarsegraining, single chain models for entangled polymer dynamics may still be
useful at the appropriate level of coarsegraining. Much remains to be clarified in this area.
1. Cao J., Likhtman A. E., Phys. Rev. Lett., 104, 207801 (2010).
2. Sukumaran S. K., Nonaka R., Masubuchi Y., Watanabe H., Takimoto J., (in preparation).
3. M. Tassieri, J. Ramirez, N. C. Karayiannis, S. K. Sukumaran, Y. Masubuchi, Macromolecules
51, 5055 (2018).
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Relationship between hydrogen bonding and rheological properties of
polyurethanes having several chemical structures

Osamu Urakawa Graduate School of Science, Osaka University

Intermolecular hydrogen bonding (H-bonding) interaction is well known to affect the structure and
properties of polymer materials.!* In this study, we attempted to elucidate the relationship between
H-bonding structure and rheological properties using polyurethanes in which urethane groups can form
hydrogen bonds.

Specifically, polycarbonate-polyurethane (PC-PU) whose chemical structure is shown in Fig.1 was
used. By varying the molecular weights of polycarbonate (PC) moiety as 500, 1000, 2000, 3000, the molar
fraction of the urethane group, fi, with respect to the total C=0O group in the PC-PU samples was changed.
The glass transition temperature, T, increased with increasing f.. Since U U C (PC)
this polymer has two kinds of C=0 group (included in the carbonate (C)
and the urethane (U) units), the NH group in the U unit can from
H-bonds with those two C=0O groups, denoted as U-U and U-C

H-bonds. To determine these contents in addition to the Fig.1 Chemical structure of PC-PU.

non-H-bonded NH, we conducted peak decomposition analysis for 10 ! !
the FT-IR absorption spectra corresponding to the C=0O and N-H 08 LA H007C
stretching bands. The results are compared at 7= 7 + 100 °C in T
Fig.2: the f, dependence of the molar ratios of these three spices. “25 06 G"@--wfreﬁc@._h_ o
As the increase of f,, the total H-bonding ratio of NH moiety ",'3; H-bond(total) ‘-"_:2
slightly increases (free NH group decreases). Moreover, it can be 504 @,@———'"’g—- d_—_@
seen that the U-C type H-bonds gradually switches to the U-U = u-C
type H-bonds. 02 v

Fig.3 shows the frequency, @, dependence of the storage 00 T -
and loss modulus (G', G") for PC30-PU samples (in which the PC 00 01 02 03 04 05
molecular weight is 3000 and fi = 9.1 mol%) with various total Fig.2 £, dependence Oufthe molar ratios

molecular weights (from 53k to 132k), larger than the of NH group in PC-PU at 7=T,+100K:

entanglement molecular weight (M. = 2.0k). The solid curves in the ~ hydrogen bonded HNs to the carbonate
(U-C) or to the urethane (U-U), and

non-hydrogen bonded one.
14

low o part in this figure were obtained by converting the relaxation
modulus G(f) data. The reference temperature 7; was set to be

T T
Ty + 100 °C to compare the data under iso-frictional condition. PC30-PU )
M,=132

—_
N

As the Mw of PC-PU increases, it is seen that the shapes of the
G' and G" spectra broaden toward the lower frequency side

< 10
becoming like a two-step relaxation. The terminal relaxation :::g
time 7z, obtained from the low frequency data was found to be g 8
tw ~ M,’, exhibiting stronger M, dependence than the 5 6
well-known 3.4 power law for ordinary entangled polymer ;gf) .

systems. This means that as the molecular weight increases, the

termination relaxation is significantly slowed down due to 2

intermolecular hydrogen bonding.

. -6 4 -2 0 2,4 6 8
References: 1. O. Urakawa et al. J. Polym. Sci. Part B: Polym. log(war/s )

Phys. 46, 2256 (2008). 2. O. Urakawa et al. Polym. J, 49, 229 Fig.3 Storage and loss moduli of PC30-PU
(2017). 3. Yasue, A. et al. J Soc. Mat. Sci, 64 (2015). 4. O. with several molecular weight at
Urakawa et al. Nihon Rheoroji Gakkaishi, 46, 131 (2018). T=T;+100K.
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Analysis of molecular condensation
in temperature gradient field created through plasmonic heating
Ryoko Shimada Japan Women’s University

[Introduction] A temperature gradient can activate motion of some molecules (such as DNA) and allow
those molecules to be concentrated in a place of their favorite temperature (a high temperature place for
DNA). This effect of temperature 7, referred to as the Soret effect, has been rationalized phenomenologically
within the framework of statistical physics, but an underlying molecular mechanism has not been well
understood. As a first step of elucidating this mechanism, this study conducted optical observation of
motion and conformation of DNA to discuss the motion in relation to the conformation.

[Experiment] A periodic temperature field with a meso-scaled periodicity can be prepared through
plasmonic heating from a meso-scaled lattice of metal domains. Thus, this study prepared a triangular
lattice of silver domains on a quartz substrate with the Nanosphere Lithography method using polystyrene
(PS) latex particles having a diameter of 50 um. The silver domains were formed through evaporation onto
the substrate area at the gaps between PS particles (that were removed by solvent etching after the deposition
was completed). Being irradiated with a light of the wavelength 4 = 400-440 nm, those domains generated
heat due to their plasmonic resonance. The periodic temperature field, created by the heat flow from all
domains on the lattice, was calibrated with a thermo-sensitive liquid crystalline (TLC) placed on the
substrate. After this calibration, TLC was washed out with tetrahydrofuran (THF), and an aqueous mixed
solution of dilute DNA (T4 GT7 DNA), labeled with a fluorescent dye (SYBR Gold), and polyethylene
glycol (PEG; molecular weight = 8000) was placed on the substrate and irradiated with the light of A=
400-440 nm. In the periodic temperature field created by this irradiation, the spatial position and shape of
DNA molecules were observed through fluorescence microscopy (detecting the fluorescent dye attached to
the DNA backbone).

[Results & Discussion]  Figures 1(a) and 1(b), respectively, show trajectories of a DNA molecule in the
absence and presence of the periodic temperature field. The silver domains are observed as dark triangles in
Fig.1(a). The amplitude of this field in Fig.1 (b) was 3 K, as noted from the calibration with TLC.

In the absence of this field, the DNA molecule exhibited ordinary diffusion without being trapped at a
certain place, as noted in Fig. 1(a). In contrast, in the presence of the field, the DNA molecule drifted to the
edge of the silver domain where a high temperature was attained due to the plasmonic heating (Fig. 1(b)).
During this drift process, the DNA molecule took an elongated conformation (Fig. 1(c)), which suggests a
force pulling the DNA toward the domain edge. Once the molecule arrived at the edge, it was trapped there
and exhibited oscillatory stretch and shrink without escaping from the edge for a considerably long time (>
10 s). These results suggest that the temperature gradient exerts a force to respective parts of the DNA
backbone and the stretched conformation emerges when this force has a large distribution along the
backbone. The conformation and
position of the DNA molecule
seem to be determined by a
balance of an elastic energy (larger
for higher stretch) and the "Soret
energy" that drives all portions of
the DNA Dbackbone thereby
stretching the molecule when the Fig. 1 Trajectory over 30 sec observed for a DNA molecule in (a) the absence and

molecule spans two edges of the (b) presence of the periodic temperature field. Panel (c) shows a snapshot of DNA
domains (two high-T sites). in the presence of this field on its approach to the edge of a silver domain.

[ Presentations]
1. H. Sakai and R. Shimada, “DNA condensation induced by plasmonic heating from array of silver
domains”, APS March Meeting (Los Angeles, USA, 2018).
2. R. Shimada and H. Sakai, “Conformation of DNA in periodic temperature gradient created by plasmonic
heating”, APS March Meeting (Boston, USA, 2019).
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1-phenyl-3-methyl-4-benzoylpyrazol-5-one (BMPP) % 0.005 mol kg'! " (’3/ \O
oA A UK [Comim][THN] FE721% [C4Crim][THN] (Fig. 1) (2, [:%> ‘\4&
BOKMED PVDF W5 2 5 KT A2 7 Lo 7 4 A% (HLAE 045 1m) \ oA\
Z 24 FEIRZIE S W72, (2) PVC EEOFAR : WAL 49 mm O H T A k o
R, R,

¥ % — 12 0.005 mol kg! BMPP % & ¢ [Comim][TH:N] 1.38 g, (Camim][TE,N] CH,  Cgihys
polyvinyl chloride (PVC) 0.1 g }2 O tetrahydrofuran 5 g 12 C¥AY  [C4Cim][TE,N]  C4Hy  CpoHys
U 12 REEI A B8 U CIERRE L7, 3) #RARHAIE: (1) £721% (2)  Figure 1. The structural formula
DA IR U SR L 0 D BeA A CRIE Lfe,  OF 1omie liquids used.
HCI C pH % F& L7244 ([Cu(NOs)2] = 2.0 X 10° mol dm, [CH;COONa] = 0.01 mol dm=, pH 3.0)
& Z45FH ([CH3COONa] = 0.01 M, pH 0.1) ZALE4L 25 em® F 7213 40 em® & IO Wl O ZHZ AT
7oo WiRHZ —EREH L. pH, K8, @BRELZHE L. Cu?r OMEE L FEREZRT L,
[(BREEBR] (A4 URAEREGRIECE S Cu?t ORIEIREE | alkyl BHO R S 23570 5 2 FlHO A
T WAR TR LTz, [Comim][TEN] Z AW 7286 Tk, i@t pH O LVWME T2 R 507z,
A A R OIREN K D WAHOWERIR G MRIA & B 2 535, [CaCrim][THN] Tid pH I —EIC
fR7-2, 48 h T 88%DEALIR NG BTz, ZE LI RIS & 25 BEEh s 23 Rk S 7= A8, ikl
FEIL [Comim][THEN] (ZHA/ NS oo, A A ARIROBAKME & 5D & S DO ZEMEIZFH 535
—H TR TO Cu?t OF L — MEROITHIRE IR F S WEdELE LIzt E2bh b,
B BEORZEEOM EE2 B E LT, @5 T Thd PVC FITA U RIEZEE LRI
THIEEMRE LIz, BEdEOM I 25 E L, [Comim][THEN] ZH =, PVC EIZEB W TS pH
IX—E IRz, 48 h T 90%DEERNGF Hil, ZE L7 iRIEFIC X 2 REBNRE AN R S T,
ABFRDORFE E LT, £V alkyl $§2 FFOBUKPED @A A R, F7213, PVCIZ L5 EEM
IZX Y BEOLEMEDN | & @\ OSSR CORB#EENER SN, SHBOMELE LT, E&NLR
Bk OFERL, KON BT O OMREE & EpsE A2 B L BERIOMRF AT B D,
[rREiE]
L WJEEE, BRRAT, SRIE, RAREM, 2837 [EERit R =i 2 E2E, 43 (2018).
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The study on density fluctuations of polycarbonate by using time-
resolved scattering method

Shotaro Nishitsuji Yamagata University

Objectives Polycarbonate(PC) in an excellent thermoplastic with high impact strength,
good transparency and so on. However, PC becomes brittle by annealing below the glass
transition temperature. The mechanism of this phenomenon, which is so-called physical
aging, is not clarified. To understand this phenomenon, we focus on density fluctuations
of PC. By using a strong X-ray source of synchrotron, this density fluctuations can be
detected under deformation. In this study, the change with density fluctuations of as-mold
and annealed PC under deformation is investigated by using time-resolved small angle
X-ray scattering.

Experimental methods PC sample used in this

study is a commercial polymer (viscosity average
molecular weight My=19,500). The sample is
annealed at 120 °C for 24 h. Time-resolved small

angle X-ray scattering is carried out under a -
Fig. 1. 2-D images of as-mold PC

constant load at BLO3XU, SPring-8, Japan. for SAXS (a) before and (b) after
Results and discussion Fig. 1 show 2-D images of 2pplying a load

as-mold PC for SAXS (a) before and (b) after
applying a load, respectively. As shown in Fig. 1(a),

the scattering pattern is isotropic. On the other hand,

the scattering intensity is enhanced in the direction
Fig. 2. 2-D images of annealed
PC for SAXS (a) before and (b)

means density fluctuations is enhanced by after applying a load

deformation. Fig. 2 shows 2-D images of annealed PC for SAXS (a) before and (b) after

of parallel to load direction at figure 1(b). This

applying a load, respectively. The scattering intensity is also enhanced by deformation.
Comparing the scattering intensity, the degree of enhancement in annealed PC is larger
than that in as-mold PC. This result indicates annealing affect the change of density
fluctuations.

Publications S. Nishitsuji et al. (2018). “28™ Annual Meeting of MRS-J” Oral.
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Depth-resolved Structure Analysis of Organic Thin Films by Energy
Dispersive GISAXS utilizing Tender X-rays

Katsuhiro Yamamoto Nagoya Institute of Technology

In order to investigate depth-resolved structure of polymer thin films and distribution
of sulfur atoms in a polymer matrix utilizing tender X-rays, we have newly installed
a SAXS apparatus at the beam line BLISA2 in the Photon Factory of KEK. In
addition, as for observing a chemical state (chemical bond etc.) of sulfur atoms, a
fluorescent X-ray detector (silicon drift detector) has been also installed in the
apparatus. We prepared the two types of samples; block copolymer thin film
polystyrene-b-poly(2-vinylpyridine) (P2VP) (thickness 300 nm, spin coated on a
silicon wafer) and poly(3-octadecyl thiophene) (P30ODT) thin film (spin coated on a
silicon wafer). The P2VP thin film was used for GISAXS measurement (depth-
resolved structure analysis) measurement and the P3DOT was used for anomalous
small angle X-ray scattering (ASAXS). Both experiments were conducted with
changing the X-ray energy. Figure show the energy dependence of the width of the
diffraction peak from phase-separated P2VP (left). It was found that the width
decreased with increasing X-ray energy, corresponding to increase in the X-ray
penetration depth. When the X-ray penetration depth (analytical depth) increases,
number of diffraction plane increases, leading to the narrowing of the width according
to the Laue function. The experimental result enables the depth resolved analysis. As
for ASAXS using adsorption edge of sulfur atom, the scattering intensity of the
P3DOT thin film decreased with X-ray energy increased to adsorption edge of sulfur.
Apparent contrast between main-chains (sulfur) and alkyl (octadecyl) side chains
decreased with closing to the

adsorption edge. A pat of the

study was summarized to

present an annual conference

of the Society of Polymer

Science, Japan.
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FEARTE S 17z Pd F /BT O IR BERERIC 3515 B Ak SRR A 1 AR
MCES AP

Pd X b H < BB TV L KERERBE TH D, ZAFET, 10nm LA FD Pd T/ K113
WA RN U CREBR KB WEFFE 2R3 2 &2, Fx ORI L VB BT/ > T b, —i%
MIZ, fec &% & D Pd OKFWEY A X, NHEET A S THDHESHOITWDHA, Pd T/ KL
FOFEMITEE TIE, MEAY A b ~OWENAIB Z 5 Z &0, RilTilE S, Pd OKEWEICBIT S
P A ZDRICHNEADEE > T D, Foxld, EEMFFRICEI D FEFEE CER SN K
& DITIEZ R Pd T/ K DK FEWEFHE 2 5EMIC TR~ TOk Tz, £ OfE R, B R—TkF o —
FRAAFREIR S 31T 2 ) BRSO AR BRI AL I E 72 E3, TRARIC KR E S KFFT D 2 &b e 72
ST, TNHDOBLIGUE, KDY A NMIL->TPd EKRFBOREASRENR2D Z LICERLTRES
HEEBEZOND, wRIKFREIEL, HEBARVMEFRIE THH Y (~40kImol-1) | #H | =L L
THEA TR ET T D728, BB OKFZWEFEIL, |R EOIREFE CHIEIND Z & —
A TH D, LALLM D, Pd OBKORIRIZE T 2 KBWHZRET D & KERBER O
TVHRRBEDS AL S 4L D 72D KBEWRRIZ DV T OEERA R BRZEITH) Z LI CTH L, Liz
Mo T, Pd EARFEOGE L VFELHTHRDITIE, BR L0 SRR CRBERRAE AT 5 Z &7
BELWEEZOND, BT, EWIEREIZIE- T, IREIE Sz Pd F 2 kL1 DK FEW
ZFEEFR, Pd TR OKRFACSIENZ DN TOET)FH) T X —F O A RARLFHEIZ DN T D
HRZ/LZ AN ET D,

TR« SEREAFZEE CIERL S 7o, A A5 5 5 O AL Pd F / ki CEROLOE S
1310, 12, 15, 20 B LK 40nm OF / ki 1% Pd-10, Pd-12, Pd-15,Pd-20 35 L N Pd-40 & §° %) DK
FIEFARRER (PCT) dhfR% . 293, 303, 333, 363K CHIE L7, 363K TiL, Pd-10 LAk Dakk}

FFERR72 7T P —ENB L OE e A7 U AR Sz, Pd-10 TiL, 77 h—fEEED
L. KEBEROE M OFEFE 0 b
YFHZEBRR LN ST, WEDIKT
[Z L7223\, Pd-15, Pd-12 8L Pd-10 T
X 77 M—REEAR < 22 DR VLA &

Nz, £z, YA XDN/NEL 2B ET T

=L D T N LNERS
72o —H . 5 20 nm LA N7 (AR Pd
F 7 ki@ PCT MifkiL, 1ZIEFEERTH D Z
EMboTz, 5T, PCT s, K
FALERDOBFHEZEHT 5L, PAD
IKRFBRIENZ I T DA X RIT— Ry 15
nm £V H/NSWEEETCEII S D Z &R
L THLMNE RS T,

1325 RR Pd DKFEAEARRIC K 58U
BT X =& DY A Z{RAFME
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FHES 7 v FY VIRES TROBR & BEWE - fE oA
EAENEC O 3PN PN 7 i e

(B8] R BIidlrE, BRIZoRAEWIEZ md /=7 A7 %0 (R) a7 D VEER
Ui 23N U 7= # 4 7~ 321k Dimyristoylphosphatidylcholine 73 1#% (Fn-DMPC) ZBA% L, /01K
DREELYME D BURTE Y RE SHRAKAME R O 2 R 7 BRI R T DA it 2 #E L Oklz, &
SIZ AT Oy 7 v RN Z W2 R M@ BdR L oLRNIEN G, [ZERRTT L
—E7 V] 8 REALEWRA OMWEZ SRR TE 2 2 LHEEW LN L, ABFJETIE, #
K5y 7 » FE{k Dipalmitoylphosphatidylcholine 43F#f (Fn-DPPC) & & & 7- “AREHDE > 7 v FE1k
U VNRE OB - M2 T L, TORERMRMEEORRZMA LTS e S LT,

[FEBFE]l SRS DFIEIZ I VG LTES 7 v FEb/ L I F [ Glycerol phosphatidylcholine
% DCC-DMAP =27 /UL 5 Z L2 X - T, #8537 v &L 11 Fn-DPPC (n=4,6,8) &157-, fli
B FIEOBINEDFENTIZIE A SNA T 7 YA o 0 A RURGE A B G DSC6100-Exstar6000
Z VY, DG X AREPTHE 1 L 5 — W BLZ2FFERE A Photon Factory (ZRWTHT -7z, £/
Rf JeD BEAMIEIZIES T b u FREZHAN L5720, #5557 v FACIENIRER & 0 7 ~ Vs
P (ROA) %, Thermo Fischer Scientific #1:# DXRxi Raman A A — < > ZBAMERIZ L 0 HIE L7,

[EBAER - BE] WD Fn-DPPC &7 7 LA — /L THKT HZ LIZIILT, Zb D
Fn-DPPC ik > DSC JIEZAT o 72 & 25, W=7 73241 °C (n=4), 37.5 C (n=6), 69.9 C

(n=8) I[ZZNZNBU STz, RAXBREHT A Z = DIREZEN D, s DWW —27 137
TVEHD melting, L7228 THRE 0 FIREO 7 AR ICHKR T L E2 65, 7 v3E
bV “HEE DPPC OAHESFEIRL Tm (41.6 C) (THART, n=4 TIEREUETT2DIZHL, n=6
TIEEAICEE T, n=8 TIZDPPC 2 K& < LEIHIREE T LA Lz, ZVMHDIRA XFRIEHT S & —
3 Rf SHRIIERAF L TRES AL LT, n=8 TiF $=2.06 nm™ IZHLE—2 2R Linb,
F8-DPPC |3 hexagonal packing 75 72 2 ZZE 78 3 FIRAZ B L T\ D 2 & VR E Tz, SRSy
FRE D F 5y 1 Wi B R IS K ORISR O RE ATV, A ISR D11 -
WMED REHRARFEZ AL NNCT D FETH D, £, W07 v R I U AF ERHS A O ROA H
END, DEADBEEDORRLT bu P EMEARIRSEPERL TS Z L 2H LT LT,

(BRI ]

1. Shimoaka et al., Raman Optical Activity on Solid Sample: Identification of Atropisomers of
Perfluoroalkyl Chains Having a Helical Conformation and No Chiral Center, J. Phys. Chem. A, in press.

2. Yanagi et al., Thermotropic Phase Transition Behavior and Structural Properties of Partially Fluorinated
Dipalmitoylphosphatidylcholine Bilayer, Asian Biophysics Association (ABA) Symposium 2018,
Melbourne, Dec. 3, 2018.

3. Yanagi et al., Structure and Thermotropic Phase Transition Behavior of Perfluoroalkyl-containing
Dipalmitoylphosphatidylcholine Bilayer, The 6th International Symposium of Gunma University
Initiative for Advanced Research (GIAR), Kiryu, Dec. 18, 2018. i ENFRIEE 2 1
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Regulatory Network of Gene Expression
for Plant Cell Morphogenesis

Li-Jia Qu School of Life Sciences, Peking University

Objectives: The morphological differentiation and deposition patterns of cells are
crucial determinants for functional plant structures. The root epidermis of
Arabidopsis thaliana has been intensively studied as an excellent model system of
the morphological differentiation and pattern formation of plant cells. In root
epidermal cells, numerous transcription factor genes constitute a regulatory network,
where the transcription factor gene GL2 serves as a genetic switch that suppresses
root hair development in non-root-hair cells. We have studied on the regulatory
network, and identified various transcription factor genes, including LRL, that GL2
directly suppressed in non-root-hair cells. In this study, to understand the total
regulatory system for root hair cell morphogenesis, we attempt to identify genes
functioning downstream of LRLI.

Experimental Methods: To identify direct target genes of LRL1, we constructed a
modified LRLI gene that expresses LRL1-fusion protein with the glucocorticoid
receptor domain at the C-terminus (LRLI1-GR) by the LRLI promoter, and
introduced it into Arabidopsis. Using the transgenic plants, we attempt to perform
DEX/CHX-induction analysis for in vivo evidence of the direct transcriptional
regulation by LRL1. We also attempt to perform chromosome immunoprecipitation
analysis for in vivo evidence of the physical interaction with LRLI, taking
advantage of transgenic plants expressing LRL1-GFP.

Results and Discussion: We constructed the LRL/ promoter-driven LRL1-GR gene,
and established Arabidopsis lines containing it. Normal expression of the transgene
was confirmed at the transcript level by real-time PCR analysis. GL2 was found to
directly suppress the transcription factor gene encoding RHDG6, target genes of
which have been already identified. Hence, we also constructed a transgene
encoding RHD6 promoter-driven RHD6-GR and introduced into Arabidopsis for a
control experiment. Taking advantage of these transgenic plants, direct target genes
of LRL1 will be systematically determined, leading to the elucidation of the

regulatory network for root hair morphogenesis.
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Dynamics of the Transcription Factor ARR1
on Plant Chromosomal DNA

Jong-Myong Kim Center for Sustainable resource Science, RIKEN*

Objectives: Recent advance in fundamental technologies of DNA sequencing
facilitates exhaustive expression analysis in both prokaryotes and eukaryotes. Also
in the model plant Arabidopsis thaliana, genome-wide gene expression analyses are
frequently performed under various genetic backgrounds and growth conditions.
Although expression profiles of total genes are getting clear, regulatory mechanisms
of gene expression have been analyzed mainly individually, and rarely in a
genome-wide manner. In this study, we focus on the transcription factor ARRI,
which regulates cytokinin-responsive gene expression in Arabidopsis, and attempt
to clarify the chromosome-global regulatory mechanism for gene expression by
investigating dynamic features of ARR1 binding to chromosomal DNA.
Experimental Methods: To analyze dynamic features of the ARRI binding, an
ARRI1-YFP fusion gene driven by the ARRI promoter was introduced into arri-1, a
loss-of-function mutant of the ARR/ gene. The chromatin fraction was prepared
from the transgenic Arabidopsis roots treated without or with cytokinin, and
processed according to the chromatin immunoprecipitation method. DNA fragments
bound to ARRI-YFP and those bound to RNA polymerase II (Polll) were
precipitated using anti-YFP and anti-Polll antibodies, respectively, and sequenced
with a next-generation sequencer.

Results and Discussion: Chromosome-global binding was observed for both
ARRI1-YFP and Polll. Increases in the Polll binding activity under the cytokinin
treatment were detected for most of the cytokinin-responsive genes reported so far,
indicating that those genes respond to cytokinins mainly at the transcription level.
The binding activity of ARR1-YFP was enhanced by the cytokinin treatment for
almost all binding sites while the extent was varied among them. The ARR1-YFP
binding was detected also closely to non-coding RNA genes to which the Polll
binding activity was increased under the cytokinin treatments, suggesting crucial
involvement of non-coding RNAs in cytokinin responses.

*Present affiliation: Ac-Planta Inc.
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1. L. Asano, et al., Cell Chem. Biol., 2017, 24,207-217.
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Discovery and Use of Bioactive Self-Assembling Molecules

Zhou Lu Fudan University, School of Pharmacy

Purpose of the Research

Cancer immunotherapy is considered to be a focus of cancer therapy in coming years. However, potent
adjuvants are required for overcoming immune-compromised and self-derived characteristics of cancer
cells. In Uesugi Group in ICR, Kyoto University, they have already conducted a pilot screening of 8,000
uniqgue molecules and found 116 self-assembling molecules. The focused library of this unique
self-assembling molecules was further screened for a range of secondary screenings including IL6
production from macrophages and cytotoxicity of particular cell types. The group identified a
self-assembling molecule that activates IL6 production, and its structural optimization led to the
discovery of a self-assembling molecule that activates immune systems as much as lipopolysaccharide,
a strong stimulator of innate or natural immunity. Such molecules may find their uses as adjuvants for
cancer immunotherapy. In this proposed research, we collaborated with Uesugi Group in Kyoto to

discover more self-assembling molecules from the chemical libraries that we have in China.

Results

Out of 2,000,000 compound collection in Chinese National Compound Library, we selected 700
molecules whose molecular weights are larger than 600. These 700 molecules enriched in aromatic
structures were screened with 8-anilino-1-napthlenesufonic acid (ANS) and Nile Red (NR),
environment-sensitive dyes whose fluorescence properties depend on hydrophobicity of surrounding
environment. In aqueous solution, they are essentially non-fluorescent; in less polar solvent or upon
binding to hydrophobic pockets, their fluorescence significantly increases. Self-assemblies tend to form
nano- or macro- structures that possess multiple hydrophobic pockets. Therefore, the increase of
fluorescence intensity of ANS (at 450 nm) and NR (at 610 nm) can be used to probe the presence of
small molecule self-assemblies in aqueous solution. The screening yielded a total of 44 self-assembling
compounds (fluorescence values are both two folds than negative control for ANS and Nile Red). We are
currently conducting further screenings to discover self-assembling molecules that activates immune

systems or small molecules that co-assemble with particular proteins in cells.
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E 512, adh2.0 ZFIH Lz #i7zZefiasae bk OBR%E 2 H#IZ, Halo-Tag Z 41 L 7= flld ~D (LA ME
EARRICT LT AX NI 0T 4 REEAT 25 adh3.0 (Adh-SFF-Cl) ZBA%E L7z, % 2 TAMFIETIL,
Halo-tag #&5~ hU v 72X 2ua7ns77—E 2 (H-MMP2) #&R L., 2% adh3.0 IZF5A L7z
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SRR

REANNT T =T —F (Lue) BInFZ2LZERBT D~ U AMHMEFMALE NIH3T3/Lue M2k LT
100 uM adh3.0 & 15 uM H-MMP2 ZJEIZHINT 25 2 & T, NIH3T3/Luc #fifda H-MMP2 TEffi L7,
MMP2-adh3.0 f&£fi NIH3T3/Luc #ifld &~ 7 AF5E B T Tl Lz, 24 Refil#%, BOE & & £
FNTTEIRL, BEFOLY 7 =27 —BESHAZRIET S 2 & T, KER X OWmRICE T 2 Milaks
RaGH Uiz, ZOREH, MMP2-adh3.0 EAREIL, ARAERE & i U CRAGAL (FE) THEIZEW
MR Z R Lz, £72. adh3.0 (EHRE LS MMP2 IEHRE & BAEERALIC U TAELFRD @\ MEF 2380
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E LS L TR CHBICE W2 /8 LT, NIH3T3/Luc fifd% adh3.0 4 L C MMP2 CEfiid 5 2
& T BREEAL Y S I RIS NIH3T3/Luc #IfRANRIME 95 2 L VR Sz,

7. GFP BInF a2 % EHBLT D NIH3T3/GFP #ifidz FvyC, EEC & [AERD J71E T MMP2-adh3.0 &
fifi NTH3T3/GFP a4 #i%L L 7=, MMP2-adh3.0 {&£fi NTH3T3/GFP ffila% ~ 7 A f2 FICTES TR L
72, 24 Wt BEMMAE OB A G B AR L, SR 2 ER U, Bon/Miinick
\F % B2 ¥ KUY Y C > NIH3T3/GFP il O JR7E A d O CBIMER CRIZE LT, £ ORER. RALERE L ok
L C.adh3.0 E£fifE & MMP2-adh3.0 EHHE CITMILE kD GFP #EBIE ST, & 512, MMP2-adh3.0
{Effi NIH3T3/GFP ML R BRGNS 1T 8 BlZ S/ 2 &6 NIH3T3/GFP #lifid %
adh3.0 Z 41 L T MMP2 TEEfiT 2 Z LT &L 0 B O N 5 NI =M 95 2 & AR S 1
77
Takashima, 1., Kusamori, K., et al. Multi-functionalization of Cells with a Self-assembling Molecule to Enhance

Cell Engraftment. ACS Chem. Biol., in press.
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Observation of Current—-Driven Domain Wall Motions in the Ni nanowire

Keisuke Yamada Faculty of Engineering, Gifu University

[Introduction]  Cylindrical nanowires are expected to serve as future three-dimensional recording media
[1,2]. To realize it, it is required to clarify the mechanism of their magnetization reversal and domain wall
(DW) propagation applied by a current. This paper reports our latest experimental and computational findings
on the magnetization reversal and DW dynamics in Ni cylindrical nanowires investigated as a function of
aspect ratio for Ni wire structure.

[Experimental Method]  Pulse electrodeposition and a polycarbonate pore template were used to grow Ni
nanowires with dimeter, d = 46 -155 nm, and length, L = 46-3000 nm, in which the aspect ratio is varied by L/d =
0.5-30. Magnetic measurements of the samples were performed by a vibrating sample magnetometer and an
alternating gradient magnetometer. Scanning electron microscopy was carried out to observe the microstructure of
the nanowires.

[Results and Discussion] Figure 1 shows hysteresis loops for Ni nanowire with d = 100 nm, L = 3000
nm. The result indicates that the easy axis of magnetization is the direction parallel to the wires. The easy axis
of magnetization changes from the direction parallel to perpendicular to the wires when the value of L becomes
smaller than that of d. To evaluate the easy axis of magnetization for Ni wires, the saturation fields obtained
from the hysteresis loops are used to calculate the effective anisotropy constant, Kerr (see Fig. 2) [2]. The
values of K are also calculated from the results of the micromagnetic simulation (Fig. 2). The computational
results are fairly close to the experimental results where the K. value decreases as the aspect ratio L/d
decreases. The difference in K between experimental and calculated results caused by the structure of the

wires, the value of M, the interaction between wires, and the changing of propagation of DWs.

Fig. 1 Hysteresis loops for Ni nanowires Fig. 2 Ky for fabricated wires and wires
with d = 100 nm, L = 300 nm. calculated by micromagnetic simulations.

[1] W.-S. Lin, et al., J. Nanomaterials, 237439 (2013). [2] L. V. Thiem, et al., Sensors 15, 5687-5696 (2015).

[Achievement report] This research presented as master thesis at AY 2018, Gifu University, title of "Size

and Aspect Ratio Dependence of Magnetic Anisotropy of Ni Nanowires", by Anissa Azizan.
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Study of spin-filtering effect using perpendicularly-magnetized
ferromagnetic insulator films

Masaaki Tanaka Nagoya Institute of Technology

Spin-polarized electron injection into nonmagnetic metals and semiconductors is of interest
because it enables us to create new spintronic devices. 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. In this study, the perpendicularly-magnetized ferromagnetic insulator Co.Fes..O4(CFO,
0<x<1) films, which has a high Curie temperature, were fabricated and the spin-filtering effect of CFO films
was investigated.

CFO films of 20 nm in thickness were grown on nonmagnetic TiN films of 15 nm in thickness on
MgO (001) substrates by a pulsed laser deposition (PLD) technique. The X-ray diffraction clarified that the
CFO films are highly oriented along the [001] directions on the MgO (001) substrates and that the lattice
constant of the CFO films decreases with the decrease of the Co composition. The in-plane tensile strain is
induced in the CFO films grown on the TiN films by the lattice mismatch. The magnetization measurements
clarified that square hysteresis curves were observed in out-of-plane magnetic fields for the CFO (x=0.3~0.6)
films and that the CFO films have perpendicular magnetic anisotropy (PMA). The PMA is induced by the
in-plane tensile strain. The Mdssbauer spectroscopy clarified that the CFO films are in the intermediate
structure between ferromagnetic insulator CoFe2O4 and y-Fe,Os.

TiN/CFO/MgO/{Tb/Co},/Cr films were prepared on MgO (001) substrates using the PLD and the
electron beam deposition methods. The magnetic tunnel junctions (MTJ) were fabricated using the
photolithography and dry etching by an ion-milling method. This microfabrication was carried out at ICR,
Kyoto University. The electric properties of the MTJs were investigated using a four probe method.

The current-voltage measurements indicated that the CFO film 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. So far, the tunnel magnetoresistance signal caused by the

spin-filtering effect has not been observed. It is necessary to improve the reference {Tb/Co}, layers.

Publication list

e K. Naruse, M. Tanaka, K. Nomura, T. Taniguchi, S. Honda, T. Ono, and K. Mibu,
Perpendicular magnetic anisotropy and tunneling conductivity of epitaxial cobalt-ferrite (001) films

grown on nonmagnetic metal films,

Journal of Magnetism and Magnetic Materials, 475, 721-726 (2019).
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Real time observation of topological Hall effect

Kab-Jin Kim Department of Physics, KAIST

Objective:
We aim to provide a way to detect a real time topological Hall effect (THE).
Experimental methods:

For this study, we use micromagnetic simulations which describes magnetization
dynamics in the presence of spin-polarized electric currents as well as an external
magnetic field H. We assume a typical Hall cross type ferromagnetic nanowire having
a perpendicular magnetic anisotropy and Dzyaloshinskii—Moriya interaction (DMI).
Experimental results:

We find that the emergent magnetic flux appears when the
magnetic domain wall (DW) passes through the Hall cross
regime (Fig. 1), implying the emergence of THE. The
magnitude of the magnetic flux is modulated by DMI,
providing an experimental test of the predicted THE by a
voltage controlled DMI modulation.

Discussion:

Figure 1. (a) schematic of sample

So far, it has been considered that the THE would be absent considered for the  micromagnetic
simulation (b) snapshots of the DW

for the magnetic DW which has topologically trivial (o) emergent magnetic flux at Hall
structure. However, here we find that the THE can be crosssrea orthe DI motion
observed even in a magnetic DW when it is in non-equilibrium state. This work
therefore suggests a new way to detect the dynamical topological spin structure.
Publication:

This work has been done by collaborative research with prof. Mochizuki in Waseda
university and prof. Teruo Ono in ICR of Kyoto university. The paper is now under
review in Applied Physics Express as following.

Kab-Jin Kim, Masahito Mochizuki and Teruo Ono, Prediction of topological Hall

effect in a driven magnetic domain wall, Appl. Phys. Express, under review
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Magnetoconductance Study on Nongeminate Recombination in Solar Cell using Poly(3-hexylthiophene)

and [6,6]-Phenyl Ce¢1-butyric Acid Methyl Ester. Omega 2018, 3, 9369-9377.

2. Omomo, S.; Fukuda, R.; Miura, T.; Murakami, T.; Ikoma, T.; Matano, Y. Effects of the Peripheral

Substituents, Central Metal, and Solvent on the Photochemical and Photophysical Properties of

5,15-Diazaporphyrins. ChemPlusChem 2019, §4, DOI:10.1002/cplu.201900087, in press.

_66_



2018-67 ([E )

Mechanism study of heterogeneous catalysis on zeolites by DNP-NMR

Qiang Wang, Jun Xu

National Center for Magnetic Resonance in Wuhan, State Key Laboratory of Magnetic Resonance
and Atomic and Molecular Physics, Wuhan Institute of Physics and Mathematics, Chinese
Academy of Sciences

Introduction
Heterogeneous catalysts such as oxides and zeolites are widely used in the

petrochemical industry for cracking, hydrocracking, and isomerization reactions.
Characterization of active sites on catalysts is of fundamental importance for
understanding of the structures and properties of catalysts. Solid-state (SS) NMR
spectroscopy is a powerful tool in the study of heterogeneous catalysts and related
catalytic reactions, while the low intrinsic sensitivity of NMR limits its application on
low natural abundance and/or low gyromagnetic ratio (y) isotopes (e.g. ''”Sn, *C).
Dynamic nuclear polarization (DNP) technique can boost 2~3 orders of the NMR
sensitivity. We have conducted a corroborative work with Prof. Hironori Kaji and Dr.
Katsuaki Suzuki using this DNP-NMR system. This research project aims at a better
understanding of the Tin active sites on the surface of Pt-Sn/y-Al.O3 catalyst.
Experimental section

0.1wt. %Pt-1 wt. % Sn /y-Al203 catalysts were reacted with propane under oxidative
dehydrogenation condition for 2h and 16 h (T-2h and T-16h, respectively). After the
activity was declined by 15% (denoted as T-D), the catalyst was regenerated (T-R). 1D
'H, "9Sn, 13C solid state MAS NMR spectra were collected at the 263 GHz-400 MHz
DNP-NMR system with MAS speed of 8 kHz using cbTbK
and 1,1,2,2-tetrachloroethane as polarizing agent and
solvent, respectively.
Results and discussion

'H MAS NMR spectra showed over 140 times signal
enhancement of our sample by DNP, which benefits the
study of 'H — !'"Sn/'3C cross-polarization (CP)
measurements. As displayed in Fig. 1, despite of the 8%

abundance and 1 wt. % concentration Sn on the catalyst, we

can obtain the "?Sn CP-MAS DNP-NMR spectra with good
S/N after 400 scans, while no signal can be observed even
after 4000 scans without DNP. The dramatic improvement of
the sensitivity allows to differentiate three main Sn species

(Sn-1, Sn-2 and Sn-3) on the samples. The relative intensity
of Sn-1 for the T-D was obviously decreased compared with
that for the T-2h and T-16h. The increased intensity for Sn-1
site on the T-R implies this Sn species should be related to
active sites. Moreover, the '°C spectra of the samples at
different reaction stages (Fig. 2) suggest the 1*C species at ca.
130 ppm should be crucial to the catalyst deactivation.
Nevertheless, it is the first experimental observation on the
relations between surface Sn species and catalytic activity of
Sn supported catalysts.

_6’7_

Figure 1. '"Sn CP-MAS DNP-NMR
spectra of T-2h (blue), T-D (green) and
T-R (red), and the '""Sn CP-MAS
NMR spectrum of T-2h sample
without DNP (black).

Figure 2. 3C CP-MAS DNP-NMR
spectra of obtained from the
catalysts at the different stages of the
reactions.
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Determination of high-order structure of organic device molecules using
dynamic nuclear polarization solid-state NMR

Takeshi Kobayashi U.S. Department of Energy, Ames Laboratory

Organic light-emission diodes (OLEDs) have attracted considerable interest due to the many advantages
over the inorganic LEDs. The amorphous structure of the organic molecules is critical for the characteristics,
the efficiency, and the life of OLEDs, yet still to be sufficiently understood. Solid-state (SS)NMR is very
susceptible to the environment near the nucleus, and its inherent woe, i.e. low sensitivity, has been recently
alleviated by dynamic nuclear polarization (DNP) which offers unprecedented sensitivity enhancement often
exceeding two orders of magnitude. The DNP SSNMR is now a premier tool for scrutinizing the physical
alignment of the organic molecules. In the proposed project, we aim elucidating the local structure of the
materials which lies behind the properties of optical devices.

The modern DNP SSNMR requires the use of exogenous biradical polarizing agents which are
specifically tailored for efficient polarization transfer via cross-effect (CE) under magic-angle spinning
condition (MAS). MAS is commonly used in SSNMR for improving the sensitivity and the spectral
resolution by eliminating various interactions; however, some of useful information, e.g. chemical shift
anisotropy, can be obtained only under a static condition where the CE is not efficient. Thus, we conceived
other polarization transfer mechanism, so-called solid-effect (SE), which does not rely on the MAS.

In the proposed project, we compared the DNP enhancement and the sensitivity in *'P NMR signal under
MAS and static conditions between
AMUPol (biradical) and gadorinium
(gadoteric acid, monoradical). Note that
for the SE polarization transfer, the
magnetic field needs to be swept so that
the EPR resonance of the monoradical
coincides with the Larmor frequency of
target nuclei. The DNP enhancement €
by AMUPol significantly decreased
under static condition (¢ = 223 and 19
under MAS and static, respectively).
Whereas, decrease of the DNP under static condition.
enhancement by Gd was very small (¢ = 33 vs 24). More importantly, Gd showed higher signal intensity
than AMUPol under static condition (Figure 1). This result leads to a better application of DNP SSNMR for
a static sample and will invoke further exploration of

Figure 1. DNP-enhanced 3'P direct polarization NMR spectra

n(NaO3S)

other monoradicals which is suited for the static
DNP experiments. For this purpose, we synthesized
water soluble monoradicals as shown in Figure 2.

In briefly, SA-BDPA was synthesized by reacting
BDPA-H with fuming sulfuric acid and following BDPAH " owsorn
treatment with 10% aqueous NaOH solution and
AgNOs3;, and then purified by column
chromatography using C18 reverse phase silica gel.
CHsTrityl ~ was  synthesized by  reacting
CHsTrityl-OH with trifluoroacetic acid and purified

by column chromatography. As the next step, we will

R = CHj R= CH3
compare DNP enhancement of *'P NMR for these CHyTrityl-OK CHyTrityl
monoradicals. Figure 2. Synthetic scheme of SA-BDPA and

CH3Trityl monoradicals
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Characteristics of membrane vesicles produced by intestinal bacteria and

fermented food-derived bacteria and their biogenesis
Atsushi Kurata Faculty of Agriculture, Kindai University

Introduction:

The gastrointestinal tract is inhabited by a complex community of bacteria, the gut microbiota. The
bacteria perform various functions involved in host energy metabolism and stimulations of host immune
system. Generally, most bacteria release membrane vesicles (MVs) with the size ranging from 50 to 400 nm.
The MVs contain specific proteins, DNA, or RNA from the bacteria. It has been assumed that the MVs
released by intestinal bacteria play critical roles in the host-bacteria interactions. Thus, the first objective of
this study is to explore MVs-producing bacteria using intestines and fermented foods as isolation sources.
The second objective is to analyze production mechanisms of MVs from bacteria and physiological
functions of MVs toward host organisms. The third objective is to develop novel expression systems for

heterologous proteins using MVs-producing bacteria.

Results:
1. Properties of MVs produced by intestinal bacteria

We found that Lactobacillus acidophilus and Bifidobacterium infantis isolated from human intestines
produce MVs with the size of 50-100 nm. MVs were prepared from culture supernatants from each strain by
filtration and ultracentrifugation. MVs were detected with the fluorescent dye, FM 4-64, and visualized by
TEM. Proteins from MVs of each strain were analyzed by LC-MS/MS. As the results, GroES, GroEL, EF-Tu
and GAPDH were detected in MVs from L. acidophilus. GroEL, GroES family protein, and ESBP were
detected in MVs from B. infantis. MVs from Lactobacillus sp. RD055328 and B. infantis stimulated Peyer's
patch cells to produce IgA. IgA levels in the culture supernatants were measured by ELISA method. We plan

to analyze action mechanisms of MV to Peyer's patch cells and effect of the proteins from MVs on the cells.

2. Mechanistic analysis of cargo transport to MVs

Shewanella sp. HM13 isolated from intestinal contents of a horse mackerel (Trachurus japonicus)
produces MVs that contain a protein of about 49 kDa as a single major cargo protein. The gene coding for
this protein, named P49, was found to be located in a gene cluster containing genes that code for homologs
of the components of the type Il protein secretion system (T2SS), GspD, GspE, GspF, and GspK. The genes
coding for these homologs, named GspD2, GspE2, GspF2, and GspK2, respectively, were disrupted, and
localization of P49 in these gene-disrupted mutants was analyzed. We found that P49 was accumulated in the
mutant cells, not being delivered to MVs. The results suggest that a protein translocation machinery sharing

structural similarity with T2SS is involved in the transport of P49 to MVs.
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Functional study of metal-induced proteins in microbial metal respiration

Hisaaki Mihara Ritsumeikan University

Bacteria that respire under anaerobic conditions utilize various chemicals other than molecular
oxygen as the final electron acceptors in the respiratory chain. Those bacteria are present in diverse
environments and play important roles in biogeochemical cycles. Many of them are expected to be useful
for bioremediation of environment because of their ability to convert toxic pollutants, such as organic
pollutants and metal pollutants, into less toxic compounds by respiration-linked reduction.
Respiration-linked reduction of metal compounds is also useful for bacterial leaching and bacterial mining.

Bacteria of the Shewanella genus are well-known for their ability to use a large variety of
chemicals as the electron acceptors. Shewanella livingstonensis Acl0 is a cold-adapted bacterium isolated
from Antarctic seawater, and about 40 genes coding for cytochrome ¢, which is supposed to be involved in
respiration, were found in its genome. This implies that this bacterium is capable of reducing various
chemicals as the respiration substrates. We previously found that it grows under anaerobic condition in the
presence of iron (III) citrate as the electron acceptor. By comparative proteomic analysis of the cells grown
in the presence of iron (III) citrate and fumarate, we found that a homolog of PhoE, which functions as a
phosphate-selective outer membrane porin in other bacteria, is inducibly produced in the presence of iron (III)
citrate. Targeted disruption of the gene coding for this protein caused significant growth retardation and
decrease in the formation of Fe*' in the iron (III) citrate-containing medium suggesting that the PhoE
homolog is required for uptake of ferric iron as the respiration substrate for dissimilatory iron reduction. In
the present study, we aimed to find other proteins involved in utilization of iron (III) citrate as the electron
acceptor to get more detailed insight into the mechanism of anaerobic respiration of this bacterium.

In the downstream region of phoE, genes coding for homologs of PhoB, PhoR, and PstS were
found. PhoB and PhoR constitute a two-component regulatory system responsible for phosphate
acquisition and assimilation. PstS is the substrate-binding component of the ABC-type transporter complex
PstSACB in the inner membrane and involved in phosphate import. Considering that the PhoE homolog of
S. livingstonensis Ac10 plays a role in the dissimilatory iron reduction, we hypothesized that the PhoB, PhoR,
and PstS homologs are also involved in this process. To test this hypothesis, the PstS gene was disrupted
by homologous recombination, and phenotypes of the mutant were studied. ~As the result, the growth of the
pstS-disrupted mutant was significantly retarded in the medium that contains iron (III) citrate as the electron
acceptor, whereas the growth retardation was not observed in the medium that contains fumarate instead of
iron (III) citrate. We also found that formation of Fe’" was significantly decreased in the mutant compared
with the wild-type strain. Real-time RT-PCR analysis of the wild-type strain showed that the amount of
pstS mRNA was 6.2-fold larger in the cells grown in the presence of iron (III) citrate than in the cells grown
in the presence of fumarate. These results suggest that the PstS homolog cooperates with the PhoE

homolog and plays a role in the dissimilatory iron reduction by S. livingstonensis Ac10.
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LeOATI-S % LIl U fe 72, = 405 OHERT2 £ > 7. 7N A= DIRE.

LeSDRI1 & His-Tag Z P L, KEEZHOTHREL ., £/, v a=vAH0FHEE KO8
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7z, LeSDRI1 &, 3"-E Fu¥> 7 7=k FuXx/ vo7 VL7 a—Lifao mEiiE& iR
NIFFAROREE E LTHRT 228, 7TUTE FBA LR Vg E TS ik L 3B L &
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TSR BRIED AR ES R 22 7 VA =y (M) 2BEHE L CRBLEWZ LS E k-
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rx/ar B, RICHESR K REEFR R el (SDREFFR) 73 3 (rfefb/ B v bOs a2 il , 7
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WD, ZNEFEFETH-DIIE, AL ATr—/b, BILOALATo— /LR ~ah P450 BEFRIZL-TK
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KAEBIR LT, £72, BROBRTEIZETS 20,23-Ue Ry al A7 o — L 23 (/KEREED STARE &
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KFELT N DLAFET TV a~tth s o Y 704 a2 F /% THF FCH#EL, b
Vot areF oy rar vk ) RS, XADT #E 10 g % 0.05 M O 1% &ie 7 & b
CYSIE 100 ml (S —MRIRHE L 72tk Bl S, WA A VERL L7z, 0.05 M AEEAlH LU0 0.2 mM 48
A A EZTe/RA 2.5 ml EWEA 0.1 g iR E O %, KO pH, @BA A IREZHIE L, WAa=R
RO,

1 2

3. MREEE
Ny ZvFaTvFLraT vl )
(1, 2) ZHEFL7= XAD7 BRIC L 5 13 &4 )
BA Ak KOS A A DO [EFEh HY & BT
L 7z. Ga>Al>In>Zn OIEIZFEM: X 0 W Shviz,
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[1] S. Umetani, Trans. Res. Inst. Oceanochemistry, 16, 52 (2003).
[2] S. Umetani, Y. Sasaki, Y. Sohrin, H. Mukai and S. Yamazaki,, Bunseki Kagaku, 66 (11), 817-824 (2017).
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Intramolecular photoinduced charge separation in D-A cycloparaphenylenes

Mamoru Fujitsuka ISIR, Osaka University

[n]Cycloparaphenylenes ([#]CPPs. n: number of phenyl rings), one of the typical hoop-shaped conjugated
macrocycles, have gained attention of numerous researchers because they exhibit interesting properties
owing to their highly strained structure and radially oriented p-orbitals. To modify their properties,
tremendous synthetic efforts have been devoted. From the viewpoint of application to the electric devices,
introduction of an electron accepting group into CPP ring is effective to enhance their charge transfer (CT)
character, which is intrinsically important to alter their electric and optical properties. Prof. Yamago and their
collaborators have successfully synthesized a CPP including benzoquinone, one of a typical electron
acceptor molecule, in the ring (BQ[10]CPP, Figure 1). In the present study, excited state properties of
BQ[10]CPP were investigated by means of time-resolved spectroscopy during the laser flash photolysis.
Especially, solvent polarity dependence was clarified.

In the present study, laser flash photolysis have been carried out using femtosecond laser systems.
Transient absorption spectra were measured by the pump and probe method, while the fluorescence lifetimes
were measured suing a streak camera as a detector for the time-correlated single photon counting method. In
all measurements, the samples were excited at 420 nm.

BQJ[10]CPP exhibited a CT absorption band around 450 nm in toluene (dielectric constant (&) = 2.38) and
CHCIl; (e = 4.81), while it became obscure in DMF (&
= 36.7). The peak position of a fluorescence band
shifted to the shorter wavelength with an increase in
solvent polarity, which is a trend contrary to

well-known CT complexes. The fluorescence lifetime

was evaluated to be 260, 67, and 69 ps in toluene, g
CHCI3, and DMF, respectively. Transient absorption Figure 1. Molecular structure of BQ[10]CPP.
spectra of BQ[10]JCPP in CHCIl; were indicated in
Figure 2 as a representative case. Upon excitation with
the femtosecond laser, a transient absorption band
appeared around 650 nm with a broad band around
1400 nm. These absorption bands appeared
immediately after the laser excitation indicating the
fast CT or exciplex formation. Because the peak
position largely depends on the solvent polarity and
decay lifetime of the transient absorption band is Figure 2. Transient absorption spectra of

similar to the emission lifetime, the observed transient ~ BQ[10]JCPP in CHCIs during the laser flash

species can be attributed to the exciplex state. photolysis using 420 nm femtosecond laser.
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Reptation Relaxation of Entangled Polymer Chains
Undergoing Head-to-Head Association and Dissociation

Youngdon Kwon Sungkyunkwan University

[Introduction] Relaxation of associative polymers has been extensively investigated. In most of studies, the
relaxation is discussed on the basis of sticky chain models that assume the dissociation reaction being much
slower than the intrinsic chain motion. This assumption is valid for strongly associative polymers (such as
ionomers), but not for polymers having mildly associating groups that dissociate quickly. It is desired to analyze
the relaxation of such polymers exhibiting fast association and dissociation reaction.

This study made this analysis for head-to-head
associative entangled chains that obey the reptation
dynamics but also exhibit the rapid reaction (cf. Fig. 1).

The results' are summarized below. Figure 1. Head-to-head associative polymers.

[ Results and Discussion] The orientational correlation tensor S;, a structural function underlying the
viscoelastic relaxation, is defined in terms of the bond vectors u;(#;,f) and w;(m;,t) of n-th and mj-th segments as
Si(nj,mj;t) = <uj(nj,t)uj(mj,t)>/<u2>eq, where j is the chain index (j = 1 and 2 for the unimer and dimer) and <u2>eq
denotes the mean-square segment size at equilibrium. The stress is given by an integral of S;(n;,n;;¢) along the
chain backbone. For the head-to-head associative polymers having type-A dipoles, the large-scale chain motion
reflected in S; activates the dielectric relaxation, t0o."” The fundamental quantity underlying the dielectric
relaxation is the averaged bond vector C;(n;,f) = <uj(n;,t)>, and the polarization of the chain is given by an integral
of C;(n;,t) along the chain backbone.

At equilibrium, the unimer and dimer have f-independent concentrations [U]eq and [D]¢q but mutually transfer
their conformations (because a dimer becomes two unimers on dissociation to carry its conformation as the
unimer conformation, and vice versa). In this situation, S; and C; relax according to the reptation dynamics but the
conformational transfer results in very strong motional coupling between the unimer and dimer. Time-evolution
equations of S; and C; can be formulated by considering the reptation dynamics and the conformational transfer,
the latter giving the coupling terms between the unimer and dimer." These equations were solved analytically
(though after lengthy calculation) to calculate the normalized viscoelastic and dielectric losses as functions of the
angular frequency @.

Typical results of the above calculation
are shown in Fig. 2. The top and bottom
lines of panels show the normalized
viscoelastic and dielectric losses, and the left
and right columns are devoted for the
unimer and dimer. Clearly, the viscoelastic
and dielectric relaxation of the dimer is
commonly accelerated on a decrease of the

dissociation time 7y (being set identical to  Figure 2. Viscoelastic and dielectric losses (top and bottom lines)
of head-to-head associative polymers. Left and right
columns show the behavior of the unimer and dimer.
because of the conformational transfer A ratio of the dimer reptation time 7, to the dissociation

between the unimer and dimer. Nevertheless, time 7y was increased from 0.3 to 30.

the dimer relaxation does not approach the pure reptation relaxation of the unimer even in the limit of infinitely

the association time 7, in the calculation),

fast reaction ( T/ Tas— ©°). Correspondingly, the unimer relaxation is once retarded and then accelerated on the
decrease of 7y, but the pure reptation behavior is not recovered even for T/ 7as— °°. These features reflect the
coherence in the segmental motion (coherent sliding) incorporated in the reptation dynarnics.1 In addition, the
difference between the viscoelastic and dielectric relaxation (weaker effect of reaction for the latter; see the right
column of Fig. 2) is related to the tensorial and vectorial natures of the underlying functions, S; and Cj.l’z
References:

1) H. Watanabe, Y. Matsumiya, and Y. Kwon, Macromolecules 2018, 51, 6476-6496.
2) H. Watanabe, Y. Matsumiya, and Y. Kwon, J. Rheol. 2017, 61, 1151-1170.
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DNA origami #:1%, 234 staple £k & MHIE 2 M 8L /3 1 & OISR E R L7223 b &
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ZEE Lz, —RIC7 7 =dfiids] (GGG BLl) 23—k ¢ Nk L T4 ST FEET 5
CRERT T =V NEEEZRTH 2 NN TS, £Z T, V7 = EKICET RNA
fEIk A DNA origami $iffi ZFIH L C AL SE 5 Z EN T L, EHH - WWEHEEKZ
AR U 7238 R M D @ vy RNA HEE - BEREFIEI AN T E 20 TR ] L) BRICE -
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Bl A O 22OV T HTEH L, Staple BRI & 2 @5 TR BRI O 2F AP S LT &
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(K) 2 >0 77 = ZE e %Z Origani ETHEEIE S Z LT, ZF7 = MESEHHEEE RNA PICHE
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B
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MB. n BEEEE BT I ETHEREAT 4 Tyl bacd poymer solrcatle o e !
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Eff¥s
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Yoshikazu Teshima, et al. “Development of n-type semiconducting polymers with a novel electron-deficient
imide-based w-electron system”, IPC2018, Hiroshima, Japan, December-2018
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ENTWDN, ZOFEMITII ST > T, £ 2 TAMFFETIE, GRRM/AFIR EI2 L 5ER
WRE DMEFEIRRITHE< DFT 3HRIC K T, 4 fLRFWED BRI SOV THERAIRET 21T - 72,

RO Cat (10 mol%) RO Q NH NH\/U\
. .
HO%E) (PrCOY,0 (1.1 eq) ’Prcow CeHy70 T\”"Q\W < 0CgHy
HO=""34 OCgH1z  collidine (1.5 eq) HO - OCgH17 N o} 0
; CHCly, -20 °C, 12 h , NH = ‘ NH
NS
1a:R=H 2a:98%,4-0:3-0:2-0= 0:99: 1 N
1b : R = Me 2b:95%,4-0:3-0:2-0=31:67: 2

iR - 5%

Cat OfiIS{LET Lz T. ~— Cat model (GRRM) , TS modei—l?(LAFIR)
GRRM(Global  Reaction Route o ~ome éé\gN i ™ o
Mapping) % % F W 72 M8 BE SR 12 ;-&N}g J\)\JH W % H/,L\?HH\:%
i< DFT 3T L - CRER 4 | e
@i:ﬁ@%ﬁ%iﬁ(m)mm 7o &~ lamodel (MM2/DFT) —  TSmedets  GOHD

. FOFERRZRICHE< DFT #H5 ”OMe f;KKM?;3;>
I o THRLIE 1a TFALOA ﬁa R e
AT - SBR[ o oo TR

Fli & Cat OEIEALTE T /L 4 B & FH1A 58T, AFIR(Artificial Force Induced Reaction)i&(Z L V) € /
T U IBRIRIZ BT BB IRAEE T L TS model-1 Z R5E L7, BIfE, 1554172 TS model-1 [Zxf L
T, ANVARFL =T = 28AL, JVHEITITWD TS model-2 & L72bDZgIHIEL L
T DFT §tHEZ1TV, ERBIRRE DR E 2 1D TV 5 (B3LYP/6-31G*),
BEE CICRbEEREBREL LTE
X OREENGE DN TN DS, /LR &
DHir LA la ET LD TN TKEM-E
Xy N =7 ZREFE L TEY ., 6 (MLOKERKE
AT LTZ 1b Z V5 & 4 (RPN
T2 e ERFERIZEE LWL
Zbhd, S%IE, RE/MEER OKERE
T T — I HEEICER LS b oL e
WG ARR L BIERET A~ LR L T
STPETH D,
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Foy BV AR—FF AR LTI A a— LB EINTLE 9, #2 T, HEEIIMERE X
V. & RaS—F% 3 RENE K ONARRIRITER T 5 2 & Ak 2B et O B% % B 18 LRES
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IZEDE /B FuX—=FFy NEOAGBIEDHRF 21T -T2,
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Mes-Acrt L E{b~ 7 R 07 LEIIL, AT 2 BRSTT 2 S TR RET 21T o T2, T ORGSR, flix
DTN P LR T aAXE B R XA—FF 0 REGRLILSAKRT D2 LIk L2 (FR),
ABUSIE, BB R T U —ORMRGMETET L, A% ) —VUAOKFET L a— LA EEIZ L
THRIST DTN AF TN AF T REBGLERHRD, 612, o FHNEEIZBW TS RAFIZKRS
THZEEHLMNI LT,

30, visible light 00K
2 + ;
RV\/R Mes—Acr'CIO4", MgO - R1)\(R2 .

HORS. -’ OR3 ./

23 examples, up to 73%
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Development of organocatalytic site-selective phosphorylation and sulfation
reactions of carbohydrate

Hideko Nagasawa Gifu Pharmaceutical University
[Purpose] Carbohydrates are one of the important biopolymers along with nucleic acids and proteins, and
they play an important role not only as a constituent of living things but also in cell-cell communication
and signal transduction. Phosphorylated and sulfated sugar chains have been shown to be is especially
important for signal transduction and cellular communication in living cells. However, there are few
examples of non-enzymatic regioselective phosphorylation and sulfation reactions without the protection
of saccharides. Therefore, in this study, we examined the optimization of the catalyst structure and
reaction conditions of regioselective phosphorylation of unprotected saccharides based on the
organocatalytic method developed by Kawabata et al. (JACS, 2007, 129, 12890).
[Methods] Catalyst 1, which has 1-methyl-5-(pyrrolidin-1-yl)-1H-imidazole in active site instead of
4-pyrrolidinopyridine of Kawabata's catalyst, was designed and synthesized. Octyl f-D-glycopyranosides of
glucose, mannose and galactose were prepared as reaction substrates. The phospholylation of octyl
p-D-glycopyranosides was investigated with 10 mol% of catalyst 1 and 1.5 mol equiv. of
2-chloro-2-0x0-1,3,2-dioxphopholane in the presence of 1.5 mol equiv. of EtsN at various conditions of solvent
and temperature. (Scheme 1)
[Results and Discussion] As shown in Table, dichloromethane, chloroform and tetrahydrofuran were examined
as a solvent because of the solubility of substrates. Halogenated solvents have higher yields than THF, but the
solvent effect was not observed significantly on regioselectivity. In the case of glucose and mannose
derivatives, only 6-O-phosphorylate was obtained under any conditions. Although the galactose derivatives
gave the phosphorylated products at other positions in addition to the 6-O-phosphorylate, the phosphorylated
position has not been determined. Even at low temperatures, no improvement in regioselectivity was
observed. As mentioned above, the catalyst 1 did not work well for the desired phosphorylation reaction. In
summary, while catalyst 1 was found to catalyze a phosphorylation reaction of unprotected monosaccharides,
both the yield and regioselectivity were insufficient. So, further improvement of catalyst structure is necessary.

[Collaborator: Mieko Tsuji, Gifu Pharmaceutical University]

catalyst 1 (10 mol%)

2-chloro-2-oxo-1,3,2-dioxaphospholane(1.5 eq.) o
HO\ o EtsN (2.0 eq.) {~p’_o
— 1
L\\/OC H temp., solv. (1 mL) 0 \/O
g7 20 h wocus
substrate (0.1 mmol)
(o) (o)
results H H
substrate temp. solv. (6-posi-other posi) O N \“'L—)W/N\)J\OC y
CHClj 25% (69:31) g7 jol N JLS 87
0°C  CH,Cl, 33% (84:16) NS \N)§ A\H
THF 25% (65:35) \—
-octyl-g-D-galact N
n-octyl-f3D-galactose CHCl3 not reacted
-20°C CHJCl, 20% (48:52) catalyst 1
THF 13% (51:49)
LD, 0°C 60% (100:0) 0.0
n-octyl-pD-glucose . CHClg 53% (100.0) o ’P‘oj
25°C 27% (100:0
n-octyl-f-D-mannose 7, <" CHClg not réacted) 2-chloro-2-oxo-1,3,2-dioxaphospholane

Scheme 1
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Search for four wave-mixing in the vacuum

Kensuke Homma Graduate School of Science, Hiroshima University

Purpose and Method

This study is dedicated for searching for Four-Wave-Mixing (FWM) phenomena in the vacuum toward
understanding of the dark components in the Universe. Until now we have constructed a searching system
including an ultra-high vacuum chamber in ICR. In the chamber, two-colored laser pulses are collinearly
combined and focused into the vacuum by sharing the same optical axis. If photon-photon interactions take place
even in the vacuum, it will cause wave mixing and generates intrinsic FMW photons via the stimulated interaction
w+o—2-u)w+tuw where o is the energy of the creation laser pulse and uw is the energy of the inducing
laser pulse with O<u<1. The signal photon energy corresponds to (2-u) .

Progress and Achievements

We have succeeded to measure the background atomic FWM yield as a function of residual gas pressure in the
vacuum chamber. However, at the same time, we also have observed FWM yield possibly from the surface of the
optical elements before we focus the two-colored laser pulses. We are now under investigation on this

phenomenon. We summarize relevant papers and talks as follows.

Published papers and proceedings:

1] FELV—YF -z AV REBE~DSANT o —F

SR FRAFE - AR Vol 28 (2018) No. 1, ARFEd b
[2] Exploring pseudo-Nambu-Goldstone bosons in the sub-eV to 10 keV mass range with stimulated photon collider

Kensuke Homma*, 10.23727/CERN-Proceedings-2018-001.263 (with acknowledgement to the ICR support)

Invited talks in international conferences:

[1] Perspective of searching for dark components of the Universe with multi-high-intensity lasers,
Kensuke Homma, International Conference on Atomic & Nuclear Physics 2018, Osaka, Japan (2018.7.24)
[2] Testing vacuum birefringence under a high-intensity laser field with GeV photons,
Kensuke Homma, International Conference on Atomic & Nuclear Physics 2018, Osaka, Japan (2018.7.24)
[3] Probing Dark Components in the Universe in a Wide Mass Range from 107 eV to 10* eV with Multi-Wavelength Lasers,
Kensuke Homma, 27th ANNUAL INTERNATIONAL LASER PHYSICS WORKSHOP, Nottingham, UK (2018.7.20)
Invited seminar talks:
[1] Probing the quantum vacuum with high-intensity laser systems
Kensuke Homma, The 8th Asian Summer (Momiji) School & Symposium on Laser Plasma Acceleration and Radiation (ASSS-8) (2018. 11. 26)
[2] Search for weakly-coupling pseudo Nambu-Goldstone bosons by mixing multi-wavelength coherent lights
Kensuke Homma, KEK-CMB Cosmophysics Seminar (2018.10.3)
Bl V=V —HEAVCEEEE~DEANT T a—F - FEHERRS OEE~EITT -,

KRG RURBL =GR 1) — (2018.4.12)
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1. BB
i TR ThH D Bu ldREaOEARE LT IEMICFIA SN TEB Y FEN/HRL TNWDH—FH T,
FIARILIL DEIRE SNV DM EDN D IRNT LN FEEMNLO VA 7 ABERHINTWNAD,
T2 (TFTATIFZRIC IV T, NERCBREE I A AR MR I D 225 3D 20 Wil A 2 R IR (SIR) IS
£ % Bu Otz kA d-, ZOfER. 77 UV ROWEEEFFOZILIERE XAD-THP % 144 &
LGB L72 SIR Tk, ZALMERIIR A & IR RS PR 4 5125 2 & C Eu O R
[l B2 2 EBH LN 5T, £ 2 CARWFIE T, SIR O & 72 D ZFLIEHHIE 2 & 0 Mtk
WATF LR 2 FEICZAE L C SIR A8 U & OE W X 2 Eu il g D& L& T~ Tz,
2. EBRGE

REbF & D2 FLMERIIE & L CTA LA RS D Amberlite XAD-1180N % v 7z, SIR (2134
Hi# & L C 4-trifluoroacetyl-3-methyl-1-phenyl-5-pyrazoninone (HPMTEP) % | [51 4 > SmistERl & L
T dodecyltrimethylammonium bromide (C12TAB) % | [2 1 A > Stifii&MHE# & L T sodium dodecyl sulfate
(SDS)&MH LTz, =&/ —/VCUefth, ol U7-Mig 2.5 g (CHA & FmmiEtERl % 0.05 M &
TR )= VRIE2SmL A, 1 BERSER, n—% ) —x KL —Z —TIREEZBEL, 50C
T1 HEZEGRESE, BHIYO SIR ZiH L7, Eu % 0.2 mM & Te/KiAH 2.5 mL % HCl & NaOH T
EEO pHIZHE LT, ZOKMIZSIR # 0.1 gz, 2FEIRE 5 Lz, IEE 9k, mOoBEL -
%, AKFZSEL, pH ZHE L7z, /B L72KAIE NI 2 PEHEL LT, FFERG 7 7 A~v%otm
Y4 BTk E (ICP-OES) & VT Eu R 2 JIE L 7=,

3. MRLEBZR

XAD-1180N % f}:#4 & L CH 7z SIR Ti&, HPMTFP ® 100

arAY
Bk R ST HE T HRA A MERTIENEA CI2TAB 0 |
ZARFICER SEZHG T, pH3.0 LU R C Eu i3l & gyra 60 A HPMTEPASDS
Nphotz, =7, BA A o MEREEEAITH D SDS &2 & 40 ¢ e
[FIRE I AR SE 7245 A, BufiiHaRIZ pH 0.5 L E2 B K 20
L. pH2.5 DL ETHIHERA 100% & 7o 72, £7-, JeATHE 00 1 2 : .

JECTiT- 7= XAD-THP % fkbf & L7z L i 5 & | PH

XAD-1180N %4 &% = & C Eu fhilttse sk Fg 5 - B XADTLISON &R & L7Z SIR (2 &
L 3binoT-, XAD-1180N 1 XAD-THP |2 Hfiflas k2 EufilitH=sed pH AKA7E

TV A DA TITER S D Eu SR A2 WAET 2 Z LN TERDN-7208, SDS BFET S Z
& T BUKEDOABMDIKFEF O Eu ZBIERAICH & T8, fhiERm Lz EEX BND,
4. BERBE

D @RS, 521 Bk LR AERES GUERS), KT ¥ v /8%, 20193.
2) TASED, HARFERE 99 BFER, FRART MAFX v /73X, 2019.3.
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Interfacial structure control and photo-induced charge transfer dynamics of
semiconductor nanocrystal based hybrid materials

Yasuhiro Tachibana School of Engineering, RMIT University

Introduction

Narrow bandgap semiconductor nanocrystal has received considerable interest to be employed in solar
energy conversion devices. In particular, metal halide perovskite nanocrystals with their large extinction
coefficients and a wide light absorption range over visible wavelengths can be effective light absorbers and
charge conductors. Despite these attractive properties, development of lead free perovskite nanocrystals is still
limited. In this project, we will develop novel tin bromide based perovskite nanocrystals. Also we will
characterize charge transport and transfer dynamics with lead halide perovskite films to identify the parameters

to select the most appropriate solar cell structure.

Experimental

Nanocrystals were synthesized with the conventional injection method, but with low cost and less toxic
precursors and ligands. Precursor and ligand concentrations, reaction temperature and reaction time are altered
to control nanocrystal structure. Several spectroscopic techniques including steady state absorption, transient
absorption and X-ray spectroscopies were employed to monitor charge transfer reactions and identify crystal

structure.

Results and Discussion

By controlling reaction parameters, size confined tin bromide perovskite nanocubes have successfully been
synthesized. The time dependent crystal changes were observed [1].

We have established the method to select the best solar cell structure among planar, mesoporous based or
sensitized cell structures by assessing charge carrier diffusion coefficients and charge transfer dynamics [2].

The best structure for MAPbIz perovskite was identified to be a mesoporous n-type semiconductor structure.

Outcomes

[1] Manuscript in preparation.

[2] Tachibana et al., ACS Appl. Energy Mater. 1(8) 3722-3732 (2018).

Invited lectures at international conferences

[3]Y. Tachibana, IRCCS symposium 2019, Kyoto, Japan, 25-26 January 2019.

[4] Y. Tachibana, International Conference on Emerging Advanced Nanomaterials (ICEAN), Newcastle, Australia,
30 October - 2 November 2018.

[5] Y. Tachibana, 12" International Conference on Ceramic Materials and Components for Energy and

Environmental Applications (CMCEE-12), Singapore, 22-27 July 2018.
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Room temperature operation of Au25 cluster
single-electron transistor

Yutaka Majima Tokyo Institute of Technology

Single-electron transistors (SETs) have been studied as candidates of the
sub-3 nm scaled next-generation transistors, since SETs have strong advantages for
low power consumption and multi-gated logic operation. However, it still needs to
improve SET operation temperature. Here, we study the Au25 cluster as Coulomb
island for room temperature operable SETs. The Au25 cluster consists of
icosahedral Aul3 core as well as distinct bonding arrangement named “extend motif”
(-S-Au-S-Au-S-) at the gold-thiolate interface. The Au25 cluster has core diameter
of around 1.2 nm and is comprised of distinctive structure originated from geometry
effects and discrete energy level.

Ultrafine Pt-based nanogap electrodes were prepared by electron beam
lithography (EBL) [1] and then were electroless gold plated (ELGP) to reduce the gap
separation as small as 2 nm. Au25 clusters with 18 ligand molecules of 16
phenylethanethiol (PET) and 2 acetylthio-bipheny-thiol were synthesized at Prof.
Teranishi lab, ICR, and were introduced between ELGP Pt-based nanogap electrodes.
Au25 cluster SET showed clear gate voltage dependence of the /4-Vy and dla/dVe-Va
characteristics at 9K (Figure 1(a)). Experimental stability diagrams as function of Vy
and V7 as the color map of d/¢/dVy showed extremely stable Coulomb diamond (Figure
1(b)). Temperature dependence of the stability diagrams have been measured and
showed clear Coulomb diamond up to 160 K.

Publication: 1. Yoon Young Choi, Toshiharu Teranishi, and Yutaka Majima, Robust
Pt-based nanogap electrodes with 10 nm scale ultrafine linewidth, Appl. Phys. Express
12, 025002 (2019).

Figure 1. (a) Ig-Va and dlo/dVe-Vy characteristics of Auys cluster SET, (b) Experimental stability
diagrams as function of V4 and V,; with the color map of d/¢/dVy. Both measurements are carried out
at 7=9K.
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Vibrational spectroscopy study on ozonolysis of
Kalanchoe pinnata leaf surface

Tetsuya Hama Institute of Low Temperature Science, Hokkaido University

The surface of most aerial plant organs is covered with the

l\ 5.0
cuticle, a membrane consisting of a variety of organic 0,5 VC=0) 3(CH,)
i Cutin Wax
compounds, including waxes, cutin (a polyester), and £ .0 v(CO)
(_Lg ’ Hemicelluloses
polysaccharides. The cuticle plays a major role in protecting 5.4
[}
plants against environmental stress factors including air an‘
é (a) Before immersion

(b) After immersion

pollutant (e.g., ozone) exposure, and ultraviolet radiation. werimmerson .
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The development of a surface-sensitive spectroscopic B a0 Wavenumber (em”)
technique is essential for understanding the molecular-level B | §§§§§Zﬁrﬁn'$;“r§(§;°“
mechanism of the physics and chemistry of the leaf cuticle. ;
In this study, we report a new approach using a ‘é’
combination of polarization modulation-infrared é
g

reflection-absorption  spectroscopy (PM-IRRAS), and

9500 1400 1480 1470 140 1450 1440 1430
attenuated total reflection-infrared (ATR-IR) spectroscopy Wavenumber (cm”)
for studying the surface chemistry of the leaf cuticle. Fig. 1. (A) Ratio spectra of a B. oleracea L.
Kalanchoe pinnata and Brassica oleracea L. were used as leaf at 1900-1000 cm ' (a) before solvent
model plants. PM-IRRAS probes the outer cuticle regionata  (oatment  and (b) after immersion in
depth of less than 100-500 nm, and finds that the . phioroform. (B) Magnification of spectra in
epicuticular wax, cutin, and hemicelluloses (xylan and (A) in the range of 1500-1430 cm ™.
xyloglucan) are present (Fig. 1A). This result is
in sharp contrast to the prevailing idea that
polysaccharides are absent from the outer region
of the plant cuticle, and improve the current
cuticle model.

PM-IRRAS can be also used to study the
structural changes of the cuticle in response to

Fig. 2. Simplified model of the B. oleracea L. leaf cuticle.

external chemical stress. For example, the . . .
p Thin films of the crystalline epicuticular wax cover the

doublet peaks in the 5(CH) band disappeared in outermost cuticle surface. Combined analysis using ATR-IR

the ratio spectra of a B. oleracea L. leaf after . . . .
spectra suggested that pectins are dominant in the inner

immersion in chloroform, indicating that the cuticle region (depth of <2 m).
O(CH,) band arises from the organic
solvent-soluble epicuticular waxes (Fig. 1B). The PM-IRRAS method presented here will make in situ

observation of surface reactions on the leaf surface, including the ozone exposure, possible in future studies.
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(k) 27~ L7z Davies ENDOR 7~/ A & —

T AZISHLUTHE Lz, £OfR, K

(F) ITRLIZEHIC, RIETICRBWTE
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=31,

Ui smas] (1] RAEEm] 2018.8, AK¥EERM, NV Lz AW @SRERETE o) HEmA A Y
Y MEINRRS, TIEIERT, TH

[2] H. Morishita, S. Kobayashi, M. Fujiwara, H. Kato, T. Makino, S. Yamasaki, N. Mizuochi, * * Room

28|

Temperature Electrically Detected Nuclear Spin Coherence of NV centers in Diamond”, submitted. (arXiv:
1803.01161)
[3] A& o, /K fEL, (L B, k¥ B, SHESES 2019423 12 B, HURLHERYE
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[1] N. Tokuda, et. al., Appl. Phys. Exp. 2 (2009) 055001. (b) N. Mizuochi, N. Tokuda,et. al., Jpn. J. Appl.
Phys., 51, 090106 (2012).

[ ] [1] [invited] N. Mizuochi, "Quantum sensors using NV centers in diamond" 14th International
Conference on Atomically Controlled Surfaces, Interfaces and Nanostructures in conjunction with the 26th

International Colloquium on Scanning Probe Microscopy (ACSIN-14/ICSPM26) Sendai, Japan
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PITIA 593 nm RO L —HF a2 L H—
O NV HLOEMREBOEIGZHT 7
ay MIEZIT-o72, £ L TCEMESGD
intrinsic J& DOME d (X 1 (b)) 12 X 2 K7FMH: L JE
DL &I X DA PEICER L THERE
1To7,

B NV oORGE, K2R LeX 21,
W O intrinsic ¥ A Y& ROEFIE 28R 5 80%FREDEATF Hiv7z, £7- intrinsic J& d DIFIZ L 5
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[ 5451 (1) M. Shimizu, T. Makino, T. Iwasaki, K. Tahara, H. Kato, N Mizuochi, S. Yamasaki, M. Hatano,
Applied Physics Express, 11, 033004 (2018)

(2) T. Murai, T. Makino, H. Kato, M. Shimizu, D. E. Herbschleb, Y. Doi, H. Morishita, M. Fujiwara, M.
Hatano, S. Yamasaki, N. Mizuochi, Applied Physics Letters, 112, 111903 (2013).
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1) Nadamoto, K.; Maruyama, K.; Fujii, N.; Ikeda, T.; Kihara, S.-i.; Haino, T. Angew. Chem. Int. Ed. 2018, 57,
7028 - 7033.
2) Nitta, N.; Takatsuka, M.; Kihara, S.-i.; Sekiya, R.; Haino, T. ACS Macro Lett. 2018, 7, 1308-1311.
3) Uemura, Y.; Yamato, K.; Sekiya, R.; Haino, T. Angew. Chem. Int. Ed. 2018, 57, 4960-4964.
4) Yamasaki, Y.; Shio, H.; Amimoto, T.; Sekiya, R.; Haino, T. Chem. Eur. J. 2018, 24, 8558-8568.
5) Haino, T. Polym. J. 2019, 51, 303-318.
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Facile intracellular delivery by the structural alteration of oligoarginines

Richard Cheng National Taiwan University

Intracellular delivery of physiologically active proteins is a very important technique in the field
of chemical biology. Our research group has developed a method to conveniently synthesize various arginine
derivatives. By synthesizing peptides incorporating arginine derivatives developed by our group, it is
possible to elucidate the membrane permeation mechanism of oligoarginine. This should also give very
useful information for more effective intracellular delivery peptides. Professor Futaki proposed recently a
hypothesis about the contribution of side chain methylene groups in membrane permeation of oligoarginine
(Murayama et al., Angew. Chem. Int. Ed. 2017). In this study, we aim to obtain information on whether
uptake efficiency improves by changing the methylene number and structure of the side chain of arginine
using R, which is a typical oligoarginine peptide as a starting material. Synthetic know-how is required for
the synthesis of arginine derivatives, and it is expected that this objective will be easily achieved by
collaborative research with the research group of Professor Futaki. I was invited as a distinguished speaker at
Institute for Chemical Research International Symposium (ICRIS) held in March 2016. At that time,
Professor Futaki proposed joint research with our group. Through this collaboration research, following
things are expected: (i) a fundamental understanding of the interaction between membrane and peptide, and
the development into a drug transport system by a new concept; (ii) reinforcement of cooperation with the
National Taiwan University Department of Chemistry which is one of the MOU conclusion parties of
Institute for Chemical Research (ICR), Kyoto University.

We are very pleased to obtain this collaboration research grant of ICR. Using this, I have visited
ICR in December, 2018 and made detailed discussions with Professor Futaki about the project. Based on the
discussion, we have prepared peptides bearing arginine analogues of hopefully high internalization ability.
Evaluation of the peptides is now ongoing in both Futaki and our laboratory. I was also invited and made
lectures at the 10™ International Peptide Symposium and the International Mini-Symposium on
Peptide-Membrane Interaction and Intracellular
Delivery held in Kyoto on December 3-7, and
December 8, 2019, respectively, both of which
symposiums have been supported by Institute for
Chemical Research (ICR) — Joint Usage/Research
Center (JURC). Finally, I express heartfelt gratitude
for ICR— JURC to allow me to give me a chance to
visit ICR, Kyoto University to pursue

collaboration.
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Novel drug-delivery system using albumin as a reservoir

Sandrine SAGAN CNRS/ Sorbonne Université

Recently, a method of delivering drugs and physiologically active substances into cells using a basic cell
penetrating peptides (CPPs) has been developed. Professor Futaki of the Institute of Chemical Research has
published numerous research results in elucidating the membrane permeation mechanism of HIV-1 derived Tat
peptide and oligoarginine, which is a typical CPP. Although intracellular delivery using CPPs is generally thought
to be less selective for cells and to be effective in any cell, Professor Futaki and colleagues reported that D-forms
of octaarginine (r8) injected into the tail vein shows high tumor accumulation (J. Control. Release 2012). As this
mechanism, (1) r8 circulates through the body in a form that is adsorbed and retained on blood plasma proteins
such as albumin in the blood, (2) leads to a cancer tissue where blood vessels are leaky and binds to the sulfated
sugar chain (glycosaminoglycan, GAG) of the cancer cell showing a stronger affinity, and (3) accumulates in
cancer cells due to the cell permeability of r8. The purpose of this research is to verify the practicality of the
cancer targeting method with membrane permeating peptide using plasma protein as a carrier for holding by
collaborative research utilizing the field of specialty of Japanese and French research team. Our research group
evaluated the affinity of CPPs to proteins and GAGs using isothermal titration calorimetry (ITC) and quantifying
CPPs using mass spectrometry. On the other hand, the group of Professor Futaki made functional design and
intracellular translocation mechanism analysis of CPPs. It was confirmed that the r8 analog peptide had a
significantly higher affinity for GAG than the plasma protein. Further investigation is on going to the interaction
mode of the serum proteins and CPPs. Development of a new quantitative evaluation method using mass
spectrometry with respect to intracellular transfer efficiency such as r8 leads to the establishment of a cancer
target system. Dr. F. Burlina and I from our group visited Kyoto to attend the International Mini-Symposium on
Peptide-Membrane Interaction and Intracellular Delivery held in Kyoto on December 8, 2018, which symposiums

have been supported by Institute for Chemical Research (ICR) — Joint Usage/Research Center (JURC).

Sandrine Sagan Fabienne Burlina
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Functional design for drag delivery into brain

Ernest Giralt University of Barcelona/IRB Barcelona

In recent years, central nervous system (CNS) diseases such as Alzheimer's disease have become major
problems, and various therapeutic methods have also been studied. On the other hand, drug delivery to the
brain is generally extremely difficult due to the action of the so-called blood-brain barrier (BBB), which is one
of the major obstacles impeding the progress of drug therapy. We have developed an evaluation system of
BBB penetration of drugs so far and developed peptides that are permeable to BBB. However, from the
viewpoint of delivery efficiency, there is still a considerable room for investigation. Meanwhile, the research
group of Professor Futaki of Kyoto University recently developed a peptide L17E which can effectively
destabilize the endosomal membrane and transfer the high molecular weight protein into the cell by modifying
the spider poison (Akishiba et al., Nature Chem. 2017, 9, 751-761). In this research, we aim to improve the
activity of BBB penetrating peptide by designing and developing a peptide having both characteristics of both
peptides. The Barcelona Institute for Biomedicine Research (IRB Barcelona) is one of the leading
biopharmaceutical laboratories in Spain, and it is expected to further strengthen research collaboration.

To make the collaboration more fruitful, I visited to Institute for Chemical Research (ICR), Kyoto
University in December 2018 and discussed about the processes of joint research. Dr. Meritxell Teixido also
visited ICR from our research group to join the discussion. We became an understanding as follows: we will
first examine the effect of combining our BBB penetrating peptide with L17E. We then construct a hybrid of
BBB penetrating peptide and L17E and work on the development of a delivery peptide in a form that is more
favorable for actual drug delivery. Through the collaboration, knowledge on the development of a new drug
delivery system for the CNS and on the combined effect of both peptides will be obtained. Since our group has
two collaboration paper with Futaki group already (Takayama et al., Bioconjug. Chem. 2009, 20, 249;
Kobayashi et al., Bioconjug. Chem. 2009, 20, 953),
easy set-up and start of the collaboration will be
expected. The above studies are now underway in both
laboratory. Additionally, Meritxell Teixid6 also
attended at the “International Mini-Symposium on
Peptide-Membrane Interaction and Intracellular
Delivery” which was held at ICR and supported by
ICR- Joint Usage/Research Center (JURC) on
December 8, 2019 and had a talk as an invited speaker.

Dr. Meritxell Teixidd
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Modification of cell-penetrating peptides for the effective delivery of
molecules into the cells

Ferenc HUDECZ E&tvos L. University

In recent years, a technique for introducing a physiologically active substance such as a protein into a cell has
been developed utilizing the cell membrane permeability of a basic peptide. It has been shown that it is
efficiently incorporated into cells by merely linking such a peptide to a substance to be introduced into a cell
and attracts attention as a new intracellular delivery method for physiologically active proteins and nucleic acid
derivatives. In our laboratory, various novel cell-penetrating peptides (CPPs) containing six arginines in the
molecule were designed, and some of them were significantly more efficient than octaarginine, which is a
typical CPP. Meanwhile, Futaki Laboratory, Kyoto University Institute for Chemistry Research has been
involved in the development and activity evaluation of CPPs of basic peptides such as octaarginine for many
years. In this research, we develop highly active CPPs, by comparing the membrane translocation mechanisms
of peptides developed in the Futaki laboratory and our group, aiming to explore chemical structural
requirements important for intracellular migration of peptides. Using confocal microscopy of cultured cells and
quantification by flow cytometry, the intracellular migration and translocation mechanism of peptides designed
and synthesized by our group were studied. Requirements for improving translocation ability was also
discussed. It is my great honor to be invited to the “International Mini-Symposium on Peptide-Membrane
Interaction and Intracellular Delivery” held in Kyoto on December 8, 2018 and to have the chance to visit
Kyoto University again. Professor Futaki and I once conducted a collaborative research between the Japan
Society for the Promotion of Science (JSPS) and Hungarian Academy of Sciences (HAS) in 2004-2006. We
are very happy to make collaboration

again to more deepen our friendship.
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The 14th International Workshop for East Asian Young Rheologists

Tadashi Inoue Graduate School of Science, Osaka University

[Purpose of project] The budget from ICR has been expended to support the workshop promoting
international exchange of young faculties and graduate students in collaboration with researchers from
various countries within the East Asian region in several research fields such as polymer science and
material science. The 14th International Workshop for East Asian Young Rheologists IWEAYR-14)
provides participants with opportunities to present their research results and to discuss and exchange
the research ideas in a very friendly atmosphere. This collaborative exchange of the ideas forms the
foundation of future cooperation aiming to deepen our research work. This year, IWEAYR-14 was
held in Nagoya. In order to fulfill its mission of contributing to further strengthen collaboration in the
future, many young faculties and graduate students were expected to participate from Japan. Thus, the
budget was efficiently used to support the participation of as many Japanese researchers as possible.

[Place and schedule of workshop] IWEAYR-14 was held from January 23 to January 26, 2019, at
Nagoya Institute of Technology and KKR Nagoya, chaired by Prof. Shigeru Okamoto of Nagoya
Institute of Technology.

[Purpose of the workshop] From the beginning, the purpose of this workshop (IWEAYR) 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 them with a place for research presentation and discussion, and to revitalize
related fields. At the same time, in order to further develop joint research activities among several
research groups, it is to provide a place for people exchange.

[Background of workshop] This workshop has been held annually since the first INEAYR 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), and Jeju Island (January 2018) (in a circulating
order of Korea, Japan, China, and Thailand). There have been some changes in the organization of the
workshop due to various circumstances in the hosting countries, but every IWEAYR has served as a
place for young faculties and graduate students to engage in international exchange and collaboration.

[Participants] The number of participants in this INEAYR-14 was 119 including 76 students, which
was in the average level in recent years. Breakdown by country was Japan 48, Korea 46, China 16, and
Thailand 9. The main participants were:

Seung Jong Lee, Professor, Seoul National University, Korea,
Kyung Hyun Ahn, 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
Jun Zhang, Professor, Chinese Academy of Science, China
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Visit Vao-Soongnern, Asso. Prof., Suranaree University of Technology, Thailand
Hiroshi Watanabe, Professor, Kyoto University, Japan
Yuichi Masubuchi, Professor, Nagoya University, Japan
Takashi Taniguchi, Asso. Prof., Kyoto University, Japan
Oamu Urakawa, Asso. Prof., Osaka University, Japan
Hiroshi Suzuki, Professor, Kobe University, Japan
Ruri Hidema, Asso. Prof., Kobe University, Japan
Yoshiaki Takahashi, Asso. Prof., Kyushu University, Japan
Shigeru Okamoto, Asso. Prof., Nagoya Institute of Technology, Japan

Photo of all participants

[Overview of IWNEAYR-14] Total number of submitted papers was 79. On the first day, short oral
presentations were given by 69 students, and 58 posters were presented. On the second day, 3 short
oral presentations and 11 long oral presentations were given by students and young faculties. After the
presentation, an excursion (to Inuyama Castle and downtown Nagoya for faculties and students,
respectively) was organized. The best presentation award was chosen by the participant's vote.
Fortunately, my Chinese student, Mr. Li won the award.

The presentations were mostly focusing on new polymeric materials such as nanocomposites and
self-healing materials as well as on basic research that included theory, simulation, experiment, and
flow control of soft matter. Specifically, progress in the basic research was found for various
physical/rheological properties and analysis of hierarchical structure of complex systems such as
particle dispersions.

I have been participating all IWEAYRs from the first one in 2006, and I felt that the rheological
reserach by young faculties and students in the participating countries has been impressively polished
up. I welcome this situation, and I hope that young faculties and students in Japan further deepen the
research so that Japan can remain as the world-leader in the field of rheology.

[Summary] I asked some students about their feeling for the significance of the workshop. They
replied that they all enjoyed it and this experience will help maintain a network of young rheologists in
East Asia. Thus, IWEAYR-14 successfully achieved its purpose. Finally, it was decided to organize
the next IWEAYR-15 in Changchun, China, in January or February, 2020.
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Study on emergent spin-orbit phenomena in artificial superlattices
without structural inversion symmetry

Sanghoon Kim  University of Ulsan

Due to the disadvantage of the hard-disk drive which is highly energy-consuming and
slow, scientists are recently focusing on the racetrack type magnetic storage technique.
The racetrack type memory uses an electrode as the memory itself. When the thin-film
electrode is made from magnetic material, we can make the magnetic object such as a
magnetic domain wall or Skyrmions as shown in Fig. 1 (a) and (b), then, move the
magnetic object flowing current into the electrode. To control the magnetic object
efficiently, the electrode should have a special energy term, which is called
Dzyaloshinskii-Moriya interaction (DMI). Once an electrode has DMI, successive
change of magnetization direction shows chirality as shown in Fig 1(c), thereby
magnetic objects can be topologically stable even with only a few-nanometer scale.
These chiral objects find the potential for applications in ultra-high density, low-energy,
and high-speed memory devices because they are stable due to topological protection
and easy to move with high efficiency. However, clear microscopic origin of DMI has
not been reported yet while there are, currently, so many element-by-element case

studies.

Figure 1. (a) Magnetic domain wall in a ferromagnetic nanostrip. (b) A skyrmion. (b) 1
dimensional chiral spin structure. D is the DMI energy vector. The spin alignment shows
chirality (mirror symmetry).
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This research is the first demonstration of correlation between electron distribution
and DMI, which can be microscopically proved only. Since there have been some
theoretical predictions only, this experimental study is of great importance for future
studies about not only DMI but also interfacial magnetism. This collaborative work
firstly found the strong temperature dependence of DMI with the Co/Pt bilayer as
shown in Fig. 2(a). Both the Co (FM) and Pt (HM) layers are ultra-thin ~0.6 nm and 2.0
nm, respectively. The microscopic characteristics of the Co/Pt bilayer were observed
using the magnetic circular dichroism (XMCD) with synchrotron source at Spring-8
accelerator laboratory. It was clearly proved that the orbital-related parameters show
anisotropy which is temperature-dependent as shown in Fig. 2(b). This indicates that
DMI and the electron orbital structure are correlated with each other. This result was
reproduced by the 1% principle calculation and tight binding model calculation, and
those calculations showed that such non-uniform distribution originates from

hybridization between Co and Pt orbitals.

Figure 2. Temperature dependence of (a) DMI, and (b) orbital moments. m;} and m',', are
orbital moments parallel to perpendicular-to-the plane and in-plane directions,

respectively.

This result has meaning as the first experimental demonstration of the microscopic
origin of the interfacial DMI, which has been one of the difficult topics in the solid state
physics. Since electron orbital structure in a system strongly influences various device
characteristics such as optical, electrical, magnetic properties, this result will be of great
interest to scientists not only for DMI but for various device physics.

X This study has been reported in Nature communications:
https://doi.org/10.1038/s41467-018-04017-x (Editor’s choise)
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“Flat building blocks for flat silicene and the extension to 2D sheet”

10" International Conference on Materials for Advanced Technologies (ICMAT)
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L CRIEER SN TV AIEENERT /) Fv v 7 Th b, SRENR FICHOEEEAEE L, £ o9k
A A= — & U CHAR & RN &8 T/ s R 2 B L 72 T, @R Rim I HE /sl
BRI LVEBEGE T A U D, ZOFER, Purcell I HIC L 24 AR O Eg bR EFES TV DK I
Russell et al., Nature Photon. 6, 459 (2012). ], AWF%ECid, Purcell ZhEDFEM A T/ A — NIVZER 3 fREE T
FETHZ EEZHNE L CHBE T BMBE(TEMIC X 2 0 23 ATRE 2R &8 -/ L 1/ e 1 4 & s
WG ER L E Sh2 Xy v 777 X E— REE TRV F —HBRSHEEL)IT L > THHT L
77

TR D 20 nm BEE SisNg A TEM 8122H 7Y » R(EM Japan #18) EIZ 28y 2 U > ZYER YT =—
U v ZALPRIZ K> C 20 nm IRE Zn,SiOs #OEHEEZ/FR L SisNg RIS Al % 50 nm EZE&E L,
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SR )XY v THEEE L, BY—FRAI B RICEVEE LT ZnSi0s DI AT FLid]
238eVOE—7 PEHIZINTEY MER- L7 ZnoSiOs EIES o FHTH D Z & DSHEFR S LTV D [Y. Jiang et
al., Mat. Chem. Phys. 120, 313 (2010)], Purcell ZiR % Z T 72912, 238 eV IZHIBEL—7 2L OF v v 7
TITREE— RPMEL D720, FRx RO Ag #8617 = C EELS HIE#1T\, T O3 —2
DRIPARAEME AT LTz,

Fig. la ® 735 2 50 BELS A% kL Al JEAN 72\ EE (Ag B0kiF-/Zn>Si04(20 nm)/ SisNs (20 nm))
WZOWTHIELZHDTH Y Ag Mok 7+ E&IRICHE > TEEE I TV D, Bl Sz(0)D b (i) D 3
DOE—=7DHH, 38eVDE—V(i)iX Ag DFEFET 7 X =27 L LTRSALNTEY | B
R o Tl SNRWEELS RO B — 27 Th D, =7 )& (i)FRM T 7 AEANIHEKTHHDTH
0. =7 ()TEER OB Mie T— K, E'—7 (ii)iZUMLL EOERE— RICHEkTHEE 250
Do TNENDE—7 ORFRAFMEITIEZEIZ 10 nm BEE O fRFEFHE LD Ag R F-IZ oW TR b
TH Y [N. Yamamoto et al., Nano Lett. 11,91 (2011).]. 70 nm 7>5 80 nm D ERD ' — 7 (i) 3.3 eV (T
ENTWVDHN, KEBRTIZ27eV ETHEEITZ bLTEY ., ZnSiOs(20 nm)/ SisN4 (20 nm)Fatk DFF B
ZhRNFEICHN TV D, Fig. la ® F2>5 6 50 EELS A7 UL ALBRH 5 b DIZHOWTEAS
NEbOTHY, Al BRARWEGE LKL TE—27@0) L [IHEm R F—ic 7 FLTED, fHiC
=7 OIZOWTIFRFENR K E < RDIZHONTHRIEZ RV F— M~ 7 M 28128l S 7,
ZO A JEDOHFIEIZ LD Ag b1 Mie B— ROEFAN ED L IIZAE LT TWEINERIDT20, Ag ki
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T EDOBHE S EELS A7 V&l L7 RO —E% Fig. 1b (ZR"d, 2 DD AT~ L Ol T
IE Fig. 1c IR ENTWD, Ag R E L DESSG LIZIRDO A7 ML TIIE—27 ()MIEE A CBIHNS
NRODIZK L, Ag KL A RO EGINTZEFE DAY ML TIEE— 27 O)AHRICBI S Tn
5, i SN DR T AE L OEAFHINEMERD B D 5 b E IR T MRy (KRR TIEZ%
BEFEEREE M) E XM T 52 b, BE—7OIXZBEEE I TATR M T— A2 & HD Mie
F— RIZHEK L, AIREIZHEL LI2SFREMMIC L > TEEX v v 7k O I RE T 2’ 2 LT
L EHERI S LD (Fig. 1d), ZHE CTOMETIIRBEREE ST FWOPRF-E—A L e bOF ¥ v 7E—R
& IRAMEI B S 40TV B 23N, Yamamoto et al., Nano Lett. 11, 91 (2011).]. AWFSE TIEBIH S 72 do
720 ZmSiOq D 238 eV & —HT 5 X v v 7 E— NiT Ag kb 7-RiEEA 70 nm 75> 5 90 nm DIGE 2k &
NDHZENKRERTHO N LR ZOMBZIITT Y — RV 3k v 2% W2 /BT Purcell 2581
WY e TETH D,

Fig. 1 (a) EELS ARY kLD Ag i FRIFED)KFME, LH 52 DDRARY LI Al BRGEWLEE., Th
56 DDARY MLIZAIBLAHLIHEBNCIE SN, b) AIBLHSHFBIZHETERE 9 nm D Ag
MR FOERDOSEFEINZ2 DDARY KL, (¢) b)D 2 DDARY MLOWMEER. (d) E—2@0HD
Xryv T IS XEVE—FORAEFTHAOERKR.
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Synthesis and Elucidation of Properties of Unsymmetrically-Substituted
Disilyne and Related n-Electron Systems

Takeaki Iwamoto Graduate School of Science, Tohoku University

Objective :

As silicon-containing triply bonded species such as disilynes and silynes adopt trans-bent structures that
contain non-degenerated two m-bonds in contrast to alkynes, their properties have received substantial
attentions. In this project, we aim to synthesize asymmetrically substituted alkyl(aryl)disilyne 1 and silyne 2
(Chart) to reveal the detailed substituent effects to their structures and properties as a joint research with
Tokitoh group. Previously, we have synthesized 1,2-dibromosilene 3 containing bulky alkyl and silyl groups.
Although 3 was a promising precursor of alkyl(silyl)silyne, 3 thermally decomposed via 1,2-bromine shift
from carbon to silicon even at low temperature. Thus, we designed bromosilene 4 as a new precursor of
silyne 2. As migratory aptitude of hydrogen is relatively lower than that of bromine, 4 is anticipated to have

high thermal stability.

Chart
B .
N N BN SiMeadlBY) BR A
Me3Si Si=Si Me3Si Si=C Me3Si S|=C\ Me3Si S|=C\
Br H
tBu SiMes tBu SiMes tBu SiMes tBu SiMes
1 2 3 4

Results and Discussion :

We employed 3,5-di(fert-butyl)phenyl group as a sterically protecting group on the carbon atom and
synthesized compound 5 as a precursor of bromosilene 4 (Scheme). When we treated 5 with butyllithium in
toluene solution at -78 °C, we obtained 6 almost quantitative yield. These results suggest that
bromine-lithium exchange on the carbon atom of 5 and the subsequent facile reaction of the generated
benzyllithium and 5 occurred rapidly. Molecular structure of 6 was confirmed by a combination of NMR
spectroscopy, MS spectrometry, and preliminary single crystal X-ray diffraction study. We are optimizing the

synthetic condition of 4 to synthesize silyne 2 by using 4 as a precursor.

Scheme
tBu Bu
Br tBu ) Br, H §Ar Ar=
Br\\Si—C\ Bulli R ASi /C\ ~Rs Bu
Me3Sij< \BrH toluene, —78 °C S §C S'rz Bu
BU™ sim ArH Rs = %—(
iMe3 ‘SiMe3
5 6 (95%) SiMes
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Synthesis and Structural Characterization of Low-Coordinate
Compounds of Group 14 Elements

Tsukasa Matsuo Kindai University

In this joint research, we have planned to investigate the synthesis and molecular

structures of low-coordinate compounds of the heavier group 14 elements by virtue

of the coordination of ligands (Lewis bases) in addition to the steric protection with

fused-ring bulky Eind group (Eind = 1,1,3,3,5,5,7,7-octaethyl-s-hydrindacen-4-yl).

We have examined the reactions of the Eind-based 1,2-dibromodisilene (1) with

N-hererocyclic carbenes (NHCs) (Im-Mey = 1,3,4,5-tetramethylimidazol-2-ylidene

and Im-"Pr,Me, = 1,3-diisopropyl-4,5-dimethylimidazol-2-ylidene)." As shown in

Figure 1, while the reaction of 1 with the sterically more demanding Im-"Pr,Me, led

to the formation of the mono-NHC adduct of bromosilylene (2'), a similar reaction

using the less bulky Im-Me, afforded the bis-NHC adduct of silyliumylidene cation
(3). The NHC adducts 2' and 3 can also be obtained by the dehydrobromination of
the Eind-based dibromohydrosilane, (Eind)SiHBr, (4), with NHCs. The resulting

NHC-coordinated silicon compounds have been characterized by spectroscopic

methods. The molecular structure of the bis-NHC adduct (3') has been determined

by X-ray crystallography.

fPr\N/\N,iPr . Me
y=( ’Pr\N/SIMe
Me Me -
= Eind N
benzene \ / Pr
Si,
Br
Eind Br 2
A\ ’
Si—Si — _ _
\ Me +
Br Eind .o Me
1 Me\N/\N,Me SNTX—Me
_ AN
Me Me / Me
L » | Eind—Si: Br-
benzene AN Me
';’N
Me’N\z\ Me
L Me _

3

Figure 1. Reactions of 1 with NHCs and molecular structure of 3'.

1) N. Hayakawa, K. Sadamori, S. Mizutani, T. Agou, T. Sugahara, T. Sasamori, N. Tokitoh, D.

Hahsizume, T. Matsuo, Inorganics 6, 30 (2018).
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Synthesis and structures of phosphorus-containing aromatics
bearing an amine moiety

Noriyoshi Nagahora Fukuoka University

Introduction

Aromatic compounds that contain a low-coordinate phosphorus atom have recently gained noticeable
attention owing to their peculiar electronic and steric properties, which differ from those of classic trivalent
phosphines. To date, many phosphinines have been discovered and their unique properties have been
reported, such as their low-lying LUMO level compared to that of the corresponding pyridine derivatives. In
contrast to the variety of synthetic investigations on phosphinines based on conventional organic synthesis,
the exploration of coupling reactions involving transition-metal complexes is still in its infancy. We describe
the Buchwald—Hartwig amination of a phosphinine that bears a bromophenyl group, and the photophysical

properties of the resulting derivatives, including electron transitions and emission behavior.

Results and Discussion

The amination of 4-bromophenylphosphinine 1 with 4,4’-dimethoxydiphenylamine was initially
investigated in the presence of several palladium and nickel complexes. Given the dinuclear Ni-complex
[Ni2(IPr)2(1-Br)2] (IPr = N,N-bis(2,6-diisopropylphenyl)imidazol-2-ylidene), which bears sterically hindered
carbene ligands, exhibited reactivity toward Buchwald—Hartwig aminations, when Ni-catalyst 3 was used in
the presence of PhsP, phosphinine 2 bearing a diarylamine moiety was obtained in 12% yield. A survey of
additives and bases determined that PPhs and ~-BuONa afford the best results for this coupling reaction (2 in
33% yield) in the presence of catalyst 3 in toluene at 80 °C for 24 h. Slow evaporation of the solvent from a
saturated solution of phosphinine 2 in CH>Cl, afforded single crystals suitable for X-ray diffraction analysis.
The C—P bond lengths of 2 fall in the range of 1.746(4)-1.757(4) A, which is slightly shorter than those of
typical C=P double bonds (1.61-1.71 A), and comparable to those of previously reported phosphinines
(1.728-1.758 A).

Therefore, we demonstrated that the dinuclear Ni-complex 3 is a suitable catalyst for the
Buchwald—Hartwig amination of bromophosphinine 1. This new and broad coupling reaction thus not only
extends the scope of Buchwald—Hartwig amination reactions but also that of the chemistry of low coordinate

phosphorus compounds.

B

Pl MeO OMe 30 A,
IPr—Ni—Ni—IPr J !>_
N _/
Br Br N k \j\
3 ~ N/
MeO. OMe PPh (25 mol%), N —< S Np
\@\ /©/ t-BuONa (1.5 eq.) /-(
+ —_— » S
N toluene

- \
9

|
80°C,24h =
PR P | Ph " | o
NS
12eq Ph P Ph Molecular structure of 2 with thermal ellipsoids
1 2 set to 50% probability.

Outcome
Nagahora, N.; Goto, S.; Inatomi, T.; Tokumaru, H.; Matsubara, K.; Shioji, K.; Okuma, K. J. Org. Chem.
2018, 83, 6373—-6381.
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TANREATST2L 2 A, BFARARRGTEHEPRMESND Z L 2R L. K TRGELDK
50000 IZ3ET 57 A b AL, 2D SHTHR SN ESRIIFERIEEZR L TNDHZ L
e, BROHERNELRCHREINZZ LIk D, SHic, AEAKRICONT, BEEICK
T HMEG - MREEEE BT 2t b FEhE L, B EN LR R R EME BN A S
ELRHLE, SIWVT, TV REINEX U EE 4ABFORLVT 0V VEERO G EZNTE
TT- T, Wikl a 4 [HFFORNLT 4 V) o LR % 2 [l SRV T 4 ) % 1xF 2 TRAE LT
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BREBE Gaslo )

(1) M. Kimura, J. Miyashita, S. Miyagawa, T. Kawasaki, H. Takaya, Y. Tokunaga, ‘Recognition
behavior of a porphyrin hetero—dimer self—assembled through an amidinium-carboxylate salt
bridge’ , Asian J. Org. Chem., 2018, 7, 2087-2093.

(2) AT 4V r~Tm 3 BRICET 2 TER T,

FOMOFH : Y. Okuma, T. Tsukamoto, T. Inagaki, S. Miyagawa, M. Kimura, M. Naito, H. Takaya,
T. Kawasaki, Y. Tokunaga, ‘Rotational isomerism of the amide units in rotaxanes based on

a cyclic tetraamide and secondary ammonium ions’ Org. Chem. Front., 2019, DOI:

10. 1039/C9Q000096H.
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Determination of compositions of protected novel metal clusters
with precise mass analysis

Kiichirou Koyasu The University of Tokyo

Highly stable protected Au clusters (e.g. [Aus(SR)is]") are accepted as superatoms with 8
valence electrons. On the other hand, prolate 6e Auyg(PPhs)s has also been obtained as an
opened shell superatom, and their reactions with hydride (H") leading to 8e superatoms
followed by growth reaction are reported.' In the similar manner, 6e [PtAuys(SC,H4Ph);g]”
(PtAu24) are theoretically predicted to form 8e superatom, [HPtAu,(SC,H4Ph);s]”
(HPtAu24").” In this study, reaction products of PtAu24 with H™ are investigated by using
high resolution FT-ICR Mass spectrometry as well as other characterization methods.

PtAu24 was synthesized according to a reported method with some modifications.’ Then, 1
mol equiv. of NaBH,4 (or NaBDy) as EtOH solutions were added to THF solution of PtAu24,
and the reaction products of the metathesis with a tetraoctylammonium cation were obtained as
black needle crystals. The products were characterized by ESI FT-ICR mass spectrometry with
SolariX, as well as UV-Vis absorption, 'H-NMR, and single crystal XRD measurements.

The UV-Vis spectrum of the product showed that decrease of peak A characteristic for the
neutral PtAu24 by the NaBH, addition (Fig. 1). The two reaction products with NaBH4 and

NaBD, showed almost same mass distributions (Fig. 2). The experimental results including

'"H-.NMR spectra and single crystal structure analysis

suggested that the product was not theoretically predicted 8e §

superatom, HPtAu24~ but Te superatom, g A

[PtAuy(SCoH4Ph)is]” (PtAu24), indicating that there was a %

possibility that the formed HPtAu24 was too unstable g . . . .

because of the full protection by ligands and it easily released LA energyz'/oev 29

the hydride. Fig. 1 UV-Vis spectra of PtAu24

References [1] S. Takano et al., J. Am. Chem. Soc. 2018, (BlaCk) and the product (red).

140, 8380; J. Am. Chem. Soc. 2018, 140, 12314. [2] G. Hu et § 1] a2s)

al., Chem. Mater. 2017, 29, 4840. [3] K. Kwak et al., J. Am. j: ]

Chem. Soc. 2015, 137, 10833. E

Presentation é ‘36%”

[1] M. Suyama, S. Takano, K. Koyasu and T. Tsukuda The § %000 4000 Sobom/zﬁobo 7000 8000
99" CSJ Annual Meeting, Konan University, Kobe, Fig. 2 ESEMS spectra of the
2019 March. products reacted with NaBH, (red)

and NaBDy (blue).
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Abstract

Hypervalent tetraaryltellurium(IV) compounds of the
type ArgTe!Y (1: Ar= CgHs; 2: Ar=p-H;CC¢Hy; 3: Ar=
p-t-BuCgHy; 4: Ar = p-F;CC¢Hy) were prepared via a convenient
one-pot reaction between the isolated corresponding ArLi rea-
gent and TeCly. X-ray crystallographic analyses of 1-4 revealed
distorted pseudo-trigonal-bipyramidal (TBP) structures for Ar,Te
and the TBP character was analyzed by the dihedral angle
method.

Keywords: Hypervalent | Tellurium | Berry pseudorotation

1. Introduction

Organotellurium compounds have attracted interest as potential
precursors for organic synthesis' and tellurium-containing nano-
materials.> Moreover, the structural chemistry of organotellurium
compounds has also received substantial attention due to the
variable oxidation states of tellurium.? Given that divalent organo-
tellurium compounds have been characterized extensively by
X-ray crystallography (>1000 examples), it is rather surprising
that only four examples of structurally defined tetraorganotellu-
rium(IV) compounds have been reported,* especially considering
that significant attention has been focused on the structural prop-
erties of the so-called hypervalent bonds in chalcogen(IV) com-
pounds.’® In 1982, Ziolo et al. reported a distorted pseudo-trigonal-
bipyramidal (TBP) crystal structure for PhsTe with long apical and
short equatorial C-Te bonds.** It should be noted that this first
characterization of the solid-state structure of such a tetraorgano-
tellurium(IV) compound was only achieved 30 years after the first
isolation of PhyTe by Wittig in 1952.% The lack of systematic
structural studies to examine hypervalent bonds in detail is mainly
due to the instability of tetraorganotellurium(IV) compounds.*?
For example, PhyTe easily decomposes in the presence of atmos-
pheric moisture and/or oxygen, halogen-containing solvents, and
upon heating.” As for the isolation of PhyTe, the only method
suitable for its purification is recrystallization.*” Hellwinkel et al.
have developed a stabilization method that is based on the forma-
tion of five-membered rings containing a chalcogen(IV) atom,
using a biphenylene ligand instead of two phenyl groups.® Another
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Figure 1. 1-4 and related organochalcogen(IV) compounds.
washed with
hexane
ArX + n-BuLi ArLi
hexane . )
(X=Brorl) white solid
recryst. with
. i + TeCl Ar,Te
4.5 ArLi s Eo 4 -
yellow solid

Scheme 1. Synthesis of 14.

effective and powerful stabilization method for hypervalent com-
pounds has been established by Martin et al.; the bidentate Martin
ligand can stabilize hypervalent chalcogen(IV) molecules by the
construction of five-membered rings containing the hypervalent
atom and the strong electron-withdrawing properties of the ligand,
although oxygen atom(s) are bound to the chalcogen(IV) atom
in the ring system (Figure 1).” The paucity of bonding parameters
on hypervalent tetraorganotellurium(IV) compounds in which the
tellurium atom is bound to carbon substituents stimulated us to
synthesize tetraaryltellurium compounds of the type ArgTe!v
(1: Ar = C¢Hs; 2: Ar = p-H3CCg¢Hy; 3: Ar = p-+-BuCg¢Hy; 4: Ar =
p-F3CCgHy) in order to elucidate their crystal structures and
examine their hypervalent bonds.

2. Results and Discussion

During the course of our study of hypervalent compounds, we
have found that impurities such as alkyl halides or excess Li
reagent accelerate the deterioration of AryTe!Y; therefore, we used
the isolated ArLi reagent instead of the in-situ-generated ArLi
reagent for the isolation of 1-4.'° The ArLi reagents were prepared
by treatment of the corresponding ArX (X = Br or I) with n-BuLi
in hexane for 1h at 0°C. The thus obtained white ArLi reagents
were collected by filtration and subsequently extracted into Et,O.
Then, LiX was removed by filtration to afford ArLi as white solids
after the removal of the solvent in vacuo. 1-4 were obtained from
the reaction of TeCly with the corresponding ArLi in Et,O at
—78°C. This one-pot reaction afforded 1-4 in moderate yield as
pale yellow crystalline solids after recrystallization from Et,O
(Scheme 1).

The '»Te NMR resonances of 1-4 were observed at 512, 500,
515, and 504 ppm, respectively. In the 'H and '*C spectra of 14
(and the ’FNMR spectrum of 4), only one set of aryl groups was
observed at room temperature in C¢Dg (Figure 2), suggesting rapid
Berry pseudorotation (BPR)!! in solution between TBP structures
via square pyramidal (SP) transition structures (Figure 3), which is
common for pentaorgano-element compounds.'? In this sense, each
of the spectra reflects an averaged structure in the BPR and the
dynamic nature of such tetraorganotellurium(IV) compounds.

© 2019 The Chemical Society of Japan | 661
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The unambiguous identification of 1-4 was accomplished by
X-ray crystallographic analysis (Figure 4).'3 For 1-4, pseudo-TBP
structures with elongated Cpcq—Te bonds and Cegyaroriai—Te bonds
were observed (vide infra). Although the previously reported
crystal structure of PhyTe-1/8C¢Hg revealed four independent
molecules per P-1 unit cell with half a molecule of benzene,
crystals of 1 contain only one independent molecule of PhyTe in a
lattice of higher symmetry (P2;/n), even when the single crystals
were obtained from a benzene solution.

In the unit cells of 1-4, the tellurium centers exhibit weak
intermolecular contacts in the crystalline state, evident from the

Figure 2. 'HNMR spectrum of 2.

a: apical b: basal

(Transision structure)

Figure 3. Schematic view of the Berry pseudorotation inter-
conversion between two trigonal bipyramidal (TBP) structures
via a square pyramidal (SP) transition structure.

Figure 4. ORTEP drawings of 1-4 with thermal ellipsoids at
50% probability.

shortest Te-Te and Te-element distances (1: 4.181 A (Te), 3.202
(H); 2: 4.639 (Te), 3.231 (H); 3: 5.735 (Te), 3.858 (H); 4: 9.081
(Te), 3.633 (F)). The corresponding sums of the van der Waals
radii (A) are 4.12 (Te-Te), 3.26 (Te-H), and 3.53 (Te~-F).'"* All
Copica—Te bonds in 14 are significantly longer than the Ceguaoria—
Te bonds and the substituents at the para-positions of the aryl rings
induce only small differences among 1-4 and a clear trend in the
C-Te bond lengths was not observed. In an ideal TBP structure, the
Cpica—Te—Cpicar bond angle should be 180°; yet, narrower bond
angles were observed around the Te atom in 1-4 due to repulsion
between the C-Te bonding electrons and the corresponding lone
pair of electrons (Table 1).

The TBP character (%) of 1-4 and that of previously reported
PhyTe-1/8C¢Hg were calculated by the dihedral angle method'”
based on the observed bond angles around the Te atoms.

It is noteworthy that the tellurium environment of 1 showed low
TBP character (55%), while those in 2 (84%), 3 (93%), 4 (87%),
and PhyTe-1/8C¢Hg (93%) exhibit high TBP character. This may
be rationalized considering the differences in the packing lattice
energy of the crystalline state of PhyTe (P2;/n vs. P-1).16

3. Conclusions

We have developed a convenient one-pot route to hypervalent
tetraorganotellurium compounds 1-4. The results of NMR spectros-
copy measurements and X-ray crystallographic analyses indicate
that 1-4 exhibit a dynamic behavior and Berry pseudorotation in
solution. Different trigonal bipyramidal character values were cal-
culated for 14 in the solid state and attributed to different packing
arrangements.

We are currently carrying out further structural characterizations
of these reactive hypervalent molecules and the corresponding
results will be reported elsewhere in due course.

4. Experimental

Preparation of PhyTe (1). A solution of PhI (10.0g, 5.46 mL,
49.0 mmol) in hexane (100 mL) was treated with n-BuLi (31.2 mL,
49.0 mmol, 1.57M) at 0°C. After the mixture was stirred for 30
min at 0 °C and 1 h at room temperature, the reaction mixture was
filtered and extracted with Et,O. After removal of all volatiles, the
residue was washed with hexane and filtered to give PhLi as a
white solid. A solution of PhLi (3.34g, 37.0 mmol) in Et,O (40
mL) was added to a solution of TeCly (2.38 g, 8.82 mmol) in Et,0
(100 mL) at —78 °C. After stirring for 2 h at room temperature, the
mixture was filtered and recrystallized from Et,0 at —35°C to
give PhyTe (2.21 g, 5.0 mmol, 57.5%) as a pale yellow solid: mp
118°C; "THNMR (400 MHz, C¢Dg, 298K) § 6.97-7.01(m, 12H),
7.42-7.47 (m, 8H); CNMR (100 MHz, C¢Dg, 298K) & 128.8,
133.5, 149.8; signals for the para-carbon atom could not be iden-
tified due to overlap with solvent signals; '*CNMR (100 MHz,
CD;CN, 298K) & 128.6, 129.4, 133.7, 150.6; '»TeNMR (126
MHz, C¢Dg, 298K) 6 512.3.

X-ray Crystal Structure Analysis. Pale yellow single crystals
of 1-4 suitable for X-ray diffraction measurements were obtained

Table 1. Selected bond lengths (A) and angles (°) of 1-4 and (CgHs)sTe-1/8C¢Hg

Compound CiapTe CogpTe CgegTe CpyegTe
(CgHs)4Te (1) 2.245(3) 2.239(3) 2.162(3) 2.161(3)
(p-H3CCgHu)aTe (2) 2.279(2) 2.303(2) 2.123(3) 2.132(3)
(p-t-BuCgHy),Te (3) 2.281(2) 2.296(2) 2.134(2) 2.130(2)
(p-F3CCgHy)aTe (4) 2.271(2) 2.291(2) 2.135(2) 2.143(2)
(CeHs)4Te 1/8CgHg* 2.27(1) 2.30(1) 2.13(1) 2.16(1)

CiapTe-Coap CaeqTe-Cyeq R-factor Space Gp. Z Z
157.3(1) 129.3(2) 2.22 P2;n 41
172.26(8) 104.85(9) 3.07 P1 21
166.10(8) 110.96(9) 2.94 Pi 4 2
161.78(8) 114.41(8) 2.38 P1 21
168.3(4) 110.0(4) 6.5 P1 8 4
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from recrystallization from benzene or Et,O. Diffraction data
were collected at —173 °C using a Bruker APEX II diffractometer
equipped with an APEX II CCD detector with MoKa radiation.
A wavelength of 1=0.71069A and single crystals of 0.10 x
0.10 x 0.10 mm?® were selected in order to reduce absorption. Data
reduction was performed using Bruker SAINT. Structures were
solved by direct methods (SHELXT-2014)!7® and refined against F>
by weighted full-matrix least-squares (SHELXL-2014).!™

The crystal data, data correction, and refinement details are
summarized in Table S1.
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We successfully fabricated perpendicularly magnetized cobalt-ferrite Co,Fe;_,O445 (001) films on nonmagnetic
metal TiN (001) films. We found that the in-plane lattice constant of the Co,Fe;_O415 (001) films was larger
than the out-of-plane lattice constant. This lattice strain induced perpendicular magnetic anisotropy, and square
hysteresis curves were observed in out-of-plane magnetic fields for the Co,Fe;_y 0445 (x = 0.4 ~ 0.6) films. With

the decrease of the Co composition from x = 1 to x = 0, the Co,Fe;_,0,4,s films approached not to conductive
Fe;0, but to insulating y-Fe,O; accompanying cation vacancies in the cubic spinel structure. The good tunneling
conductivity character was observed for the CoyFe;_, 0445 tunnel junctions. The results open up a possibility that
insulating CoyFe;_,O44s films can be applied to elements of perpendicularly magnetized spintronics devices.

1. Introduction

Cobalt-ferrite (CoFe,0,4) has an inverse spinel AB,O, structure in
which Fe3* ions occupy the tetragonal site (A-site) and a half of the
octagonal site (B-site) and Co?* ions occupy the rest of the B site. The
cobalt-ferrite exhibits good insulating character, high magnetocrystal-
line anisotropy [1], and large magneto-elastic constants [2]. Its film
forms also show high magnetic anisotropy and high coercivity [3-7].
Such magnetic insulator films can be used for the application to the
spin-current source via the tunneling spin filter effect [8-11] and to the
current-less spintronics devices using spin waves [12].

It has been reported that cobalt-ferrite (001) films grown epitaxi-
ally on MgO (001) substrates show especially large perpendicular
magnetic anisotropy (PMA) [5-7]. Because the lattice constant of cubic
CoFe,0, (8.38 A) is slightly smaller than twice the lattice constant of
cubic MgO (4.21 A), in-plane tensile strain is induced to the epitaxial
CoFe,04 (001) films. The PMA of the CoFe,0,4 (001) films is thought to
originate from the lattice-strain-induced magneto-elastic effect [13,14].
Niizeki et al. have reported that the squareness of out-of-plane hyster-
esis curves of the cobalt-ferrite films can be improved by tuning the Co-
Fe composition [15,16]. However, there have been no reports of per-
pendicularly magnetized cobalt-ferrite films prepared on conductive

* Corresponding author.
E-mail address: mtanaka@nitech.ac.jp (M. Tanaka).

https://doi.org/10.1016/j.jmmm.2018.12.025

underlayers. If perpendicularly magnetized cobalt-ferrite films with
high squareness in the perpendicular hysteresis curves can be grown on
conductive underlayers, they would be applicable to perpendicularly
magnetized spintronics devices.

In this paper, we report successful growth of perpendicularly mag-
netized cobalt-ferrite (Co,Fe;_yO445 (0 < x < 1)) (001) films on
nonmagnetic cubic metal TiN (001), whose lattice constant is 4.24 A.
Here, the possibility of cation vacancies in the spinel structure is ex-
pressed with the correction coefficient of excess oxygen &. The crystal
structure of Co,Fe;_,0,,5 films was investigated to evaluate the lattice
distortion. The valency of Fe ions in the Co,Fe;_,O44s films was ex-
amined to estimate the cation vacancies. First principles calculation was
performed to confirm insulating character for the off-stoichiometric
Co,Fe;_,O445. The tunneling conductivity of the CogssFe; 460445 thin
films was examined to see the applicability to perpendicularly magne-
tized spintronics devices.

2. Experimental
Co,Fe; 0445 (x = 1.00, 0.90, 0.75, 0.60, 0.54, 0.34, 0.24, 0.12,

and 0.00) films of 20 nm in thickness were grown on TiN films of 15 nm
in thickness on MgO (001) substrates by a pulsed laser deposition

Received 28 September 2018; Received in revised form 2 December 2018; Accepted 7 December 2018
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Fig. 1. 6-20 XRD patterns for the Co.Fe;_,Os1s (x = 1.00, 0.90, 0.75, 0.60,
0.54, 0.34, 0.24, 0.12, and 0.00) films grown on TiN films.

—

(a) 845 T T T T T T

g 8.40F Bulk CoFe,0, -

< 835| .

‘E J

S 830+ 8

[2]

2 |

g 8.25f 1

8 8 20 L L L L L ]

"% ' 1.0 0.8 0.6 0.4 0.2 0.0

- Composition x of Co,Fe, O,
(b)0-61 0+ C00.54Fez.4604+5(1 15) 1000
<0.605 80
f— J 600
8 0.600 400
G . 200

0.595 0
T T T T T
0.16 0.17
Q(110) (A

Fig. 2. (a) Vertical lattice constants a; of the Co,Fe;_,044s films as a function of
the Co composition. The blue cross is a; of the CogssFe; 460445 (60 nm) film. (b)
Reciprocal space map around the (115) peak in the horizontal Q(110) and
vertical Q(001) directions for the Cogs4Fe; 460445 (60 nm) film.

(PLD) technique. The TiN films were grown at the substrate tempera-
ture of 500 °C under the background nitrogen pressure of 5.0 Pa using
commercial TiN targets (Kojundo Chemical Laboratory Co. Ltd.). The
Co,Fe;_,04,5 films were grown at the substrate temperature of 300°C
under the background oxygen pressure of 6.0Pa using homemade
CoyFe;_, 0445 targets, which were prepared from powder mixtures of
CoO and Fe;0; by a conventional ceramic fabrication technique. A
neodymium-doped yttrium-aluminum-garnet laser at the double fre-
quency (4 = 532nm) with the pulse width of 6 ns and the repetition
rate of 30 Hz was used. The energy density of the laser beam was
controlled to 1 J/cm? by an optical lens. The eclipse PLD method, where

Journal of Magnetism and Magnetic Materials 475 (2019) 721-726

a shadow mask was placed between the target material and the sub-
strates, was used in order to reduce the formation of droplets and
particulates [17]. The typical deposition rate was 0.03 nm/s.

The compositional ratio of Co and Fe of the prepared Co,Fe;_,Oy4s
films was calibrated using an electron probe micro analyzer. The film
thickness was measured using a small angle X-ray reflection technique.
The crystal structures and out-of-plane lattice constants of the
CoFe;_, 0445 films were characterized by an X-ray diffraction (XRD)
technique with Cu Ka radiation. In order to investigate the in-plane and
out-of-plane strains, the reciprocal space map of X-ray diffraction in-
tensity was obtained for the Cogs4Fe;46044+s (60 nm) film. Magnetic
hysteresis loops were measured using a superconducting quantum in-
terference device magnetometer at 300 K. To examine the valency of Fe
ions in the Co,Fe;_,04,s films, 57Fe Mossbauer spectroscopy was per-
formed by means of conversion electron Mossbauer spectroscopy at
300K.

In order to investigate the tunneling conductivity of the
Co,Fe3;_,04,s films, Au (100nm)/Cr (2nm)/CogssFer 460415 (3nm)/
TiN (20nm) layered structures were prepared on MgO (001) sub-
strates, and fabricated into tunnel junctions comprising circle-shaped
pillars with the in-plane size of several um using photolithography and
Ar ion etching. The current-voltage measurements were carried out
using a standard dc four-probe method.

3. Results

Fig. 1 shows the 6-26 XRD patterns of the Co,Fe;_,O44s/TiN films.
The XRD patterns exhibit clear Co,Fe;_,O,4s (004) and Co,Fe;_,Oyys
(008) diffraction peaks with satellite peaks. No peaks related to the
other planes of Co,Fe;_,0,,s were detected, which means that the
CoyFe;_, 0445 films are highly oriented along the [001] directions on
the MgO (001) substrates. The satellite peaks observed in the XRD
patterns indicate that the atomic layers of the Co,Fe;_O445 films are
highly oriented and the interfaces are flat. The Co,Fe;_,O,.5 (004) and
Co,Fe;_, 0445 (008) diffraction peaks shift to higher angles with de-
creasing the Co composition.

Fig. 2(a) shows the Co composition dependence of the out-of-plane
lattice constants @, of the Co,Fe;_,O4,s films estimated from the 6-26
XRD patterns. It was shown that the lattice constant of the
CoyFe;_, 0445 films decreases with the decrease of the Co composition.
Fig. 2(b) shows the reciprocal space map around the Co,Fe; ,O445
(115) peak in the horizontal Q(110) and vertical Q(001) directions for
the Cog54Fe;4604+s (60 nm)/TiN film. The in-plane a;; and out-of-plane
a, lattice constants are estimated to be 8.42 A and 8.31 A, respectively.
This means that the in-plane tensile strain is induced in the
CoyFe; 40445 film by the lattice mismatch. The unit cell volume of
CoyFe;_, 0445 decreases with decreasing the Co composition. This im-
plies that the Co.Fe;_,O,.s approaches not to conductive Fe;O,
(8.39 A) but to insulating y-Fe,0; (8.33 A) as x decreases. These results
are consistent with a previous report on CoggFe,,0, films grown on Pt
(111) films [18].

Fig. 3 shows the typical magnetic hysteresis loops at 300 K with the
out-of-plane and in-plane directions for the Co,Fe;_,O44s (x = 1.00,
0.54, 0.34, and 0.12) films. The hysteresis loops clearly show that the
CoyFe;_ 0445 films have PMA and sharp switching of the magnetization
is realized in the out-of-plane hysteresis of the x = 0.54, 0.34, and 0.12
films. Fig. 4(a) shows the Co composition dependence of the squareness
ratio, the ratio of remanence magnetization M, with respect to the sa-
turation magnetization M, of out-of-plane hysteresis loops. The
squareness ratio increases with the decrease of the Co composition and
high squareness ratios of more than 0.8 are realized for the
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Fig. 3. In-plane and out-of-plane hysteresis loops of the Co,Fe;_, 0445 films at 300 K. (a) x = 1.00, (b) x = 0.54, (c) x = 0.34, and (d) x = 0.12.

Co,Fe;_, 0445 (x = 0.1 ~ 0.6) films. A similar tendency is also observed
for Co,Fe; 40445 films on MgO (001) substrates [15,16]. The square-
ness ratio dramatically decreases for the Fe;O,.5 (x = 0.00) film.
Fig. 4(b) shows the saturation magnetization M; as a function of the Co
composition. The red and green dashed lines are the saturation mag-
netization of bulk CoFe,0, (370 emu/cm®) and y-Fe,0; (430 emu/cm®),
respectively. The saturation magnetization of the Co,Fe;_,O4,s films
varied unsystematically with respect to the Co composition. Fig. 4(c)
shows the coercive field H. as a function of Co composition. The
coercive field H. decreases with the decrease of the Co composition.
Fig. 4(d) shows the PMA energy density K, of the Co,Fe;_,O4,s films
estimated from the out-of-plane and in-plane hysteresis loops as a
function of the Co composition. The PMA energy density of about
4 x 10%erg/cm® is obtained for the Co,Fe;_ Oss (x = 0.4 ~ 0.9)
films.

Fig. 5 shows the °"Fe Mossbauer spectrum of the CogssFe;460445
film together with the spectra of Fe;O, and y-Fe,O; films [19]. The
spectrum shows a magnetically split sextet pattern. The second and fifth
lines are very weak, indicating that the alignment of the magnetic
moments in this sample is perpendicular to the film plane, that is, the
Cog.54Fe3.460445 film has PMA [20]. The red solid line is a fitting line.
Unlike the spectrum for Fe;O,, which is composed of two sextet, one
from Fe3* at the A-site, the other from Fe?>* at the B-site, the spectrum
for Cog s4Fe; 460445 has a symmetric feature as the spectrum for y-Fe,0s.

Fig. 6(a) shows the current-voltage curves of the Au/Cr/

C0y 54Fe5.4604+5/TiN tunnel junction with a junction diameter of 12 um
at 40K and 300K. A nonlinear tunnel-like I-V curve was obtained.
Fig. 6(b) shows the temperature dependence of the resistance of the
tunnel junction at 500 mV bias voltage. The resistance increased dra-
matically with decreasing temperature, which indicates that the con-
ductivity of the junction is governed by the tunneling current.

4. Discussion

It is evident from the XRD patterns that the Co,Fe;_,O4.5 films are
grown epitaxially on the TiN (001) films and tetragonally distorted. The
in-plane and out-of-plane lattice strain for the CogssFe; 460445 film are
estimated to be ¢,(=(aq; — a¢)/ap) =0.60% and € (=(a —
ap)/ay) = —0.72%, respectively. Here, a, (8.36 A) is the bulk lattice
constant of CogssFe;460445 obtained from Vegard’s law on bulk end-
materials. Poisson ratio v of the Cogs4Fe;460445 film is estimated as
0.29 from the equation €/,/¢, = 2v/(v — 1) [5]. In comparison with the
lattice strain for the Cog7sFe;250445/MgO film which was grown by a
magnetron sputtering method (¢;, = 0.405%, €, = —1.108%) [15], the in-
plane lattice strain of the CogssFe;460445/TiN film is larger.

As in the case of the CoFe,0,/MgO films [13,14], the PMA of the
CoyFe;_,0445/TiN films is thought to originate from the lattice-strain-
induced magneto-elastic effect. The squareness ratio of our
CoFe;_,0445/TiN films is higher than that of the Cog 75Fe;250445/MgO
film [15]. Nevertheless, the estimated PMA energy density of our
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CoyFe;_,0445/TiN films is smaller than that of the Cog 75Fe;2504+5/MgO
film. This is because the magnetization M; of our Co,Fe;_, O, films is
lower than that of the Cog7sFe;,50445/MgO films. The squareness ratio
of the pure iron oxide (x = 0.00) film on the TiN (001) film is almost

zero. Because the large PMA of the Co,Fe;_, 0,5 films is attributed to
the large magneto-elastic constants of Co,Fe;_,O4.5 [14], the y-Fe,03
film, which has no Co?* at the B-site and whose magneto-elastic effect is
small, cannot have large PMA.

The saturation magnetization M of the Co,Fe;_,O4ys films varied
unsystematically with respect to the Co composition. In previous re-
searches about the cobalt ferrite film grown on the MgO substrates, the
decrease of M; was attributed to the antiphase boundaries [21] and the
cation vacancies [15]. It is speculated that unsystematic change in the
existence of antiphase boundaries and cation vacancies occurs in the
present samples.

Because the Co,Fe;_,O44s films have the spinel structure which is
stabilized by the oxygen ions, oxygen (anion) vacancies would not be
predominant. The >’Fe Méssbauer spectrum in Fig. 5 indicates that Fe2*
ions, which cause B-site electron hopping conductivity [22], do not
exist in the present CogssFe460445 film, and that the Co.Fe;_4O44s
films become closer to ferromagnetic insulator
y-Fe,05(Fe’+[Felf;, [11/3]04) mnot to conductive Fe;O4(Fe3*[Fe?t,
Fe3+]0,) as the Co composition decreases from x = 1. Thus, there must
be vacancies at the cation site in order to preserve the electrical neu-
trality. This situation would make the sample structure deviated from
ideal inverse spinel structure, causing the unsystematic change in M;
with respect to the Co composition.

In order to investigate the tunneling properties of off-stoichiometric
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CoyFe;_,0445 films, we calculate the electronic structure for an opti-
mized Coj,Fess0g¢ super-cell structure shown in Fig. 7(a), which cor-
responds to Cogs3Fe;470424. The lattice structure is based on the
y-Fe, 05 structure of previous study [23]. A- and B-sites have 24 and 48
cations, respectively. There are 24 Fe3* ions at the A-site, and 32 Fe3*
ions, 12 Co?* ions, and 4 vacancies at the B-site. The calculation is
performed using the VASP code with the PAW potentials [24] in the
GGA-PBE [25,26]. A correction of the Coulomb interaction U [27] of
4.5 eV is assumed for the Fe and Co ions [23]. The 400 eV cutoff energy
and the k sampling mesh of (ky, ky, k;) = (9, 9, 3) were set. The cal-
culated M is 403 emu/cm® and the optimized lattice parameter a is
8.35A. The calculated M; is larger than the experimental value of
280 emu/cm?. The lattice parameter a is similar than the values esti-
mated by Vegard’s law. Fig. 7(b) shows the calculated spin-dependent
density of state for Coj,FessOq6. The band gaps of 2.06 eV and 1.87 eV
are open for spin-up state (majority spin state) and spin-down state
(minority spin state), respectively. Hence, a spin-filtering effect is ex-
pected to occur when the electrons pass through this Cogs3Fe; 470424
film.

The I-V curves at 40 K were fitted using the Simmons’ equation [28]
assuming a single tunnel barrier with the width of d and the height of ¢.
In this equation, the tunneling current J is described by

J=A [V + (O.OllSd—2 - 0.03155L)V3],

¢ ¢ ¢))
where V is the applied bias and A is an adjustable parameter. This
equation leaves the barrier width d and the barrier height ¢ as free
parameters. The red line in Fig. 6(a) is a fitting curve. When the barrier
height ¢ is assumed to be 0.94 eV, the value of d is estimated to be
1.4 nm. The estimated barrier width is smaller than the designed barrier
width because the barrier width in the junctions is governed by regions
where the barrier is thinner. Nevertheless, the Co,Fe;_, 04,5 film shows
good tunneling properties.

5. Conclusion

We have succeeded in fabricating perpendicularly magnetized
CoyFe;_, 0445 films on nonmagnetic metal TiN films. The Co,Fe;_,Oy4ys
films grown on the TiN (001) films were tetragonally distorted and
showed the lattice strain induced PMA. The Co** ions were replaced by
Fe3* ions and vacancies and the Co,Fe;_,0,, s films were in the inter-
mediate structure between ferromagnetic insulator CoFe,0, and
y-Fe,05. First principles calculation predicted that the Co,Fe;_,Oyys
films have a good insulating character and the different barrier height
depending on the spin direction of tunneling electrons. The good tun-
neling conductivity was observed for the Co,Fe;_.O44s junctions.
Additionally, the Co,Fe;_,O,.s5 is not expensive and has high Curie
temperature. It is expected that the Co,Fe;_,O,,5 films can be applied
to the spin filtering of perpendicularly magnetized spintronics devices.
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