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Local structure of heterochromatin protein in the presence of DNA by pulsed DEER
spectroscopy ('Graduate School of Science, Osaka Metropolitan University/Osaka City

University, *Nakamura Gakuen University) OYihan Xu'!, Yusei Ninomiyaz, Ena Hirai?, Kazuo
Toyotal, Daisuke Shiomi', Isao Suetake®, Toshiaki Arata’, Takeji Takui'!, Kazunobu Sato'

Heterochromatin protein 1 (HP1) has two functionally distinct domains, chromodomain
(CD) and chromo-shadow domain (CSD). CD and CSD are connected by a hinge region (HR)
intrinsically disordered. CSD is known to be dimerized. In this study, we have applied site-
directed spin-labeling ESR spectroscopy to HP1 in the presence of DNA to study local structure
including the hinge region. Spin distances between nitroxide spin-labels have been measured
based on the analysis of pulsed electron-electron double resonance (DEER) spectra, discussing
the local structure of HP1 related to the hinge region.

Keywords : Site-Directed Spin-Labeling ESR, DEER, Heterochromatin Protein 1, DNA
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1) Y. Mishima, 1. Suetake et al. Nucl. Acids Res. 2015, 43, pp.10200-10212.

2) L. Suetake, T. Arata et al. Biochem. Biophys. Res. Commun. 2021, 567, pp.42-48.
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Electronic Structure and Electron Spin Relaxation of a Stable Trityl Radical Derivative as
Studied by CW/Pulsed ESR Spectroscopy (' Graduate School of Science, Osaka Metropolitan
University, 2Institute of Physical and Theoretical Chemistry, Bonn University) OHonoka
Noro,' Kevin L. Kopp,? Olav Schiemann,' Takeji Takui,' Kazunobu Sato'

The search for material-based quantum bits suitable for quantum information processing
(QIP) is an important issue. Organic radicals with small spin-orbit interaction have long
electron spin relaxation times, having advantages on QIS. A tetrathiatriarylmethyl radical,
known as stable Finland-trityl radical, have a relatively long spin-spin relaxation time. In this
study, we applied cw- and pulsed ESR techniques to trityl radical derivatives extended by
introducing substituent groups. The spin-lattice and spin-spin relaxation times based on pulsed
ESR methods were measured to investigate '*C nuclear spin effects. Compared to the relaxation
times of ESR without any carbon isotopes, the spin-spin relaxation times were reduced for
radical species containing only one '*C isotope. The effect of *C nuclear spins will be discussed
in conjunction with the analysis of the spin-lattice relaxation times.

Keywords : pulsed ESR, quantum bit, electron spin relaxation time, trityl radical, electronic
structure
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Analysis of Interfacial Charge-Separated State in Non-Fullerene Organic Solar Cells by Time-
Resolved and Pulsed Electron Paramagnetic Resonance Spectroscopy ('Graduate School of
Science, Kobe University, 2Molecular Photoscience Research Center. Kobe University, 3CREST,
JST) OKasumi Murayama,' Kobori Yasuhiro, 1'** Masaaki Fuki'*3

Organic solar cells are attracting attention as next-generation solar cells, and the
development of new non-fullerene acceptors has greatly improved their photoelectric
conversion efficiency. However, the mechanism of photoelectric conversion is still not
completely understood. In this study, we focused on the photoinduced charge separation
process in organic thin films using derivatives of ITIC, a typical acceptor with high efficiency,
and PBDB-T as a donor. Complementary measurements and analyses were performed by using
time-resolved electron paramagnetic resonance (TREPR) and pulsed electron paramagnetic
resonance (pulsed EPR) methods. The analysis of OOP-ESEEM measured by pulsed EPR
provides the distance distributions between radical pairs in the charge-separated states. The
average value of the charge separation distances agrees well with the value obtained from the
TREPR analysis, emphasizing the validity of the parameters obtained from the TREPR analysis,
such as singlet and triplet charge recombination constants and the conformation of the
molecules. These provide insights into the photoinduced charge separation process.

Keywords : TREPR; Pulse EPR; Non-Fullerene Acceptor; OOP-ESEEM
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Direct observation of multi-alloy sub-nanoclusters using transmission electron microscopy
('Labratory for chemistry and life science institute of innovative research, Tokyo Institute of
Technology) OSaki Honjo,' Yuji Akada, Minori Inazu, Masataka Yoshida, ! Takane Imaoka,'
Kimihisa Yamamoto'

This study aims at direct observation and the structural analysis of multi-element alloy sub-
nanoclusters using atomic resolution STEM. This microscopic analysis enables statistical
analysis of structure by directly observing each atom one by one rather than the average
structure based on XAFS and X-ray diffraction methods. Identification of elements at the
monatomic scale in the image is essential for structural analysis using electron microscopy. In
the previous study, multi-element samples were prepared, and elemental identification by
brightness difference based on the Z-contrast principle of ADF-STEM was carried out and
succeeded in the elemental identification of Au, Ag, and Cu. This study aims to expand the
identifiable elemental species. In this study, we have improved our ability to identify elements
by tracking and analyzing movies of atomic dynamics, and have succeeded in direct
observation of atomic dynamics in quaternary and quintet alloy clusters combining various
metal species.

Keywords : STEM; clusters, alloy
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1) M. Inazu et al., Nat. Commun. 2022, 13, 2968.
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Elucidation of the dynamic structure of metal clusters by direct observation of atomic dynamics
('Labratory for chemistry and life science institute of innovative research, Tokyo Institute of
Technology) ORyo Oguro,! Yuji Akada,! Masataka Yoshida!, Takane Imaoka,! Kimihisa
Yamamoto'

Sub-nano scale (about 1 nm in diameter) metallic materials, so-called metallic sub-nano
particles, exhibit unique properties that differ from those of nanoparticles and bulk metals, such
as significant changes in catalytic activity and other physical properties due to slight differences
in atomic number and composition. Because of the dynamic atomic coordinate of metallic sub-
nano particles, structural analysis methods such as X-ray diffraction using spectroscopy and
diffraction cannot be applied to them, and their atomic coordinate structures are still unknown
in many cases.

In this study, we will directly and real-time observe the atomic coordinate structure of metal
sub-nano particles using an annular dark-field scanning transmission electron microscope
(ADF-STEM) with atomic resolution to explore their structural properties. ADF-STEM
observations of graphene-supported Au, and Pt, (n = 3~6) are performed (Fig.) to collect data
on the atomic coordinate structure. By introducing dimensionality reduction, we will develop
a method to analyze the distribution and structural change of the atomic coordinate structure,
and report the similarities and differences among the elemental species.

Keywords : Electron microscopy, metal clusters, structural analysis
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Fig. ADF-STEM image of Au, (n = 3~6) on a graphene sheet (magnification: 12 million
times, acceleration voltage: 80 kV).
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Miscibility of binary alloy sub-nanoclusters elucidated by transmission electron microscopy.
(Laboratory for Chemistry and Life Science, Tokyo Institute of Technology) (ONaiki Noa, Yuji
Akada, Masataka Yoshida, Takane Imaoka, Kimihisa Yamamoto'

Although it is known that alloy sub-nanoparticles can form homogeneous mixtures even with
combinations of metallic elements that are phase-separated in the bulk, the mechanism by
which the elements mix within them is not well understood. In this study, we aim to evaluate
the compatibility of elements at the sub-nanoscale using an atomic resolution electron
microscope to directly observe atomic dynamics.

We observed alloy sub-nanoparticles and recorded ADF-STEM images. By analyzing these
images, we succeeded in identifying the elements and obtaining the coordinates of atoms. The
counting of inter-atomic was carried out, and compatibility was calculated based on the number
of bonds within the cluster. Using these methods, we report on the similarities and differences
in elemental compatibility of alloy sub-nanoparticles, categorized by composition and
atomicity.

Keywords : Alloy, Metal Cluster, Electron Microscopy
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(Figure) Phase diagram of alloy sub-nanoparticles generated by STEM image analysis.
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Incommensurate Structures of Pb/Si(111) and Pb/Ge(111) derived from Uniaxial Expansion
and Compression of the Corresponding (V3xV3)R30° Structures

('The Institute for Solid State Physics, The University of Tokyo)

(OMasamichi Yamada', Yudai Sato', Masahiro Haze', Yukio Hasegawa'

Lead (Pb) adsorption on Si(111) or Ge(111) surface leads to the development of striped-
incommensurate (SIC) phase at the completion of a close-packed Pb monolayer. However, the
detailed atomic structure of the SIC phase has not been solved yet. We propose here a simple
model derived from a V3xV3 structure. Pb atoms occupy stable H3 sites (honeycomb center) or
T4 sites (directly above the second layer atoms) and extra three Pb atoms fill the gap in the
\3xV3 structure. We show that the characteristics of experimentally-obtained STM images are
well explained by the model in which the V3xV3 structure is expanded (Pb/Si(111)) or slightly
compressed (Pb/Ge(111)) uniaxially in the <1-10> direction.

Keywords : Scanning Tunneling Microscopy, Lead; Silicon; Germanium,; Incommensurate
Structure
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1) L.V. Bondarenko. A.Y. Tupchaya, Y.E. Vekovshinin, D.V. Gruznev, TachianaV. Utas, A.N. Mihalyuk,
N.V. Denisov, A.V. Zotov, A.A. Saranin, Phys. Rev. B 2023, 108, 115428.
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Construction of Thin Films of Black Orthorhombic Phased Cesium Tin lodide (CsSnls)
Perovskite Using Pulsed Laser Deposition Technique (' Graduate School of Humanities and
Sciences, Ochanomizu University) OKazuha Ikeda," Mami Takahari ,' Akira Chikamatsu,'
Toshihiro Kondo'

Perovskite solar cells have the potential to achieve higher efficiency than current mainstream
silicon solar cells. Black orthorhombic (B-y) phased cesium tin iodide (CsSnl3) perovskite,
which contains no lead and organic content, and is thermally stable and environmentally
friendly, has attracted much more attention” than methylammonium lead iodide (MAPbI;),
which is the most commonly used photosensitive layer in the perovskite solar cells. However,
its photoelectric efficiency is much lower than that of MAPbIs. So, the interface structure is
required to be controlled, as defects at the interface may reduce the photoelectric efficiency. In
this study, we constructed CsSnl; perovskite thin films on various solid substrates at room
temperature using the pulsed laser deposition (PLD) method, in which crystal growth can be
controlled at an atomic level. The results of x-ray diffraction (XRD) measurements revealed
that the films were oriented mainly in the [010] direction regardless of the substrate type. We
discuss this phenomenon and report the photoelectrochemical behavior.

Keywords : Perovskite Solar Cell; Cesium Tin lodide Perovskite; Pulsed Laser Deposition :
Crystalline Orientation
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1) Zhuo Chen, Jian J. Wang, Yuhang Ren, Chonglong Yu, Kai Shum, App!. Phys. Lett. 2012, 101,093901.
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Characterization of oxygen evolution reaction catalysts by in-situ electrochemical Raman

vibrational spectroscopy (Department of Chemistry, Faculty of Science, Hokkaido University)
OXKenkou Tsuchimoto, Tomohiro Fukushima, Kei Murakoshi

Understanding of the complex reaction mechanisms of oxygen evolution reaction (OER) is
important for further catalyst design. In this study, we examined in-situ Raman vibrational
spectroscopy of Ni-based electrodes to probe the OER intermediate states under
electrochemical potential control. The heterogeneity of the electrode surface was investigated
by Raman imaging measurements. Raman vibrational peaks can be assigned to the reaction
intermediates Ni-OH and Ni-OOH depending on the electrochemical potential. Dependence of
the OER intermediate were discussed with relation to the heterogeneity and structure of the
electrodes.

Keywords : Oxygen evolution reaction; Electrocatalysis; Raman scattering spectroscopy
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[#5 5 & #5%2] OER EPFWW&;Z) Ni-OH O f#iffs (480 cm™) 3 & T Ni-OOH fiiffg (560
cm) HROE— 7 BBl S 7z(Fig), ZAVH DAY MVIREE 7 B NI EIL, &
SALFENAAKATE LT L Lz, BRI Ni RIEPBILRIS S FHE S b 1.4V vs, RHE £
ITCHE, B —27 5T 1ML BB R L, NiOOH 350
Ok (1000 om! ({13T) D7 m— KRN brh 20
BURI S 4L, OFR Bift & RESUGAER & OHBIN S,y
BT L A oT, BB LU E—2 T
SISO D, BT A err 51
LIe OGS FBE~DR BB MR S NIz, T~ A N
A=Y BN BIEEY A N OISR 0 0 00 00 100 1200
DAY NIVFFHEIZOWT OGOz, = Fig. Representative Raman spectra of
N OREREL, FIEHERRAMBEORIHTE TR 5N RIE 03 om peak can be
G beEt L 72 B, assigned to CI-O stretching mode.
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The " Chemical Substance Control Law " (Law No. 117 of the 48th year of the Showa
era) establishes a system requiring the submission of information on the quantity of
substances handled when manufacturing or importing priority assessment chemical
substances in quantities exceeding 1 ton annually, starting from the year 2010. The Ministry
of Economy, Trade and Industry is responsible for receiving such reports. The Ministry of
Health, Labour and Welfare regularly manages priority assessment chemical substances by
annually designating new substances for priority assessment, excluding substances from the
existing list, and overseeing other regulatory aspects.

When selecting substances for reporting, if there is a judgment that the substance may
pose risks to human health and the environment through toxicity and screening assessments,
it is designated and announced as a priority assessment chemical substance. The toxicity
assessments performed in this process involve ethical concerns due to the inefficiency of
obtaining experimental data in terms of time and economic considerations, and the ethical
issues associated with animal testing.

To address these problems, ongoing research both domestically and internationally is
utilizing Quantitative Structure-Activity Relationship (QSAR) to systematize data in lieu of
conducting experiments. However, the reliability of data derived from QSAR, when
compared to experimentally obtained values, varies for each chemical substance, presenting
a challenge.

In this study, aims to select target chemicals from priority assessment chemical
substances and construct an artificial neural network algorithm based on chemical property
and mechanisms of chemical reaction derived from the molecular descriptor calculation
process. The QSAR model developed through machine learning can be utilized to assess
changes in toxicity values and compared with existing experimental data. The results of this
research can serve as foundational material for quickly understanding the process of
evaluating numerical toxicity data.
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