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Giant antisymmetric magnetoresistance arising across optically controlled domain walls in the magnetic
Weyl semimetal Co3;Sn,S;

K. FUIIWARA, K. OGAWA, N. YOSHIKAWA, K. KOBAYASHI, K. NOMURA, R. SHINANO, and
A. TSUKAZAKI, Communications Materials 5, 239-1-6 (2024).

Domain walls (DWs) in magnetic
materials host various interesting
magneto-transport phenomena. Recent =5l
theoretical proposals focusing on DWs of
magnetic Weyl semimetals (mWSMs)
suggest the emergence of even more
exotic transport owing to topologically = = A
protected Weyl domains with opposite i s ga
chirality. However, techniques for Bl A L 2R DBEE
controlling and characterizing DWs in mWSMs have not yet matured sufficiently to identify the distinct features of
electrical conduction on DWs. Here, by adopting an optical technique to manipulate magnetic domains in mWSM
Co3Sn,S; Hall-bar devices, we discover giant antisymmetric magnetoresistance arising across a DW formed by
serially connected upward- and downward-magnetized Weyl domains. This phenomenon originates from the large
tangent of the Hall angle associated with the intrinsic anomalous Hall effect in the oppositely magnetized Weyl
domains. Furthermore, we quantitatively evaluate DW resistance by systematically controlling the number of DWs.
These results underscore the promising avenue of Weyl DW engineering for advanced research on topological
magnets.

Bipolarity of large anomalous Nernst effect in Weyl magnet-based alloy films

S. NOGUCHI, K. FUJIWARA, Y. YANAGI, M.-T. SUZUKI, T. HIRAI, T. SEKI, K. UCHIDA, and
A. TSUKAZAKI, Nature Physics 20, 254-260 (2024).

A thermopile device converts thermal energy to electrical REAL AR TAREICER L
energy. Controlling the polarity of the thermoelectric voltage that such [(\Ul F—ENAIL

a device generates is an important part of enhancing its thermoelectric : /\ hilihih
output. Constructing thermopile devices where the mechanism is based B R

on the anomalous Nernst effect in topological magnets and where one ll\
can control the bipolarity is still hard to do. Here we demonstrate the |
bipolarity of a large anomalous Nernst effect in a series of Weyl
ferromagnet Co3SnyS;-based alloy films by tuning the Fermi energy.

We illustrate the bipolarity of the anomalous Nernst signal originating 300 — o
from the intrinsic Berry curvature contribution by systematically - umﬁ; 70 Ve 3x71 | |

regulating the Fermi energy by nickel or indium substitution while
maintaining a topological band feature of the Weyl ferromagnet. The
bipolarity enables the construction of the Weyl magnet-based
anomalous Nernst thermopile that generates large thermoelectric
output at zero magnetic field. These demonstrations of bipolar large
anomalous Nernst effect in Co3SnzS;-based films will stimulate the
device development of efficient thermoelectric energy conversion
exploiting topological magnets.

’ﬂﬁﬁﬁﬁiﬁ (77\7)

Berry curvature contributions of kagome-lattice fragments in amorphous Fe—Sn thin films

K. FUIIWARA, Y. KATO, H. ABE, S. NOGUCH]I, J. SHIOGAIL Y. NIWA, H. KUMIGASHIRA, Y. MOTOME,
and A. TSUKAZAKI, Nature Communications 14, 3399-1-7 (2023).

Amorphous semiconductors are widely applied to electronic and energy-conversion devices owing to their
high performance and simple fabrication processes. The topological concept of the Berry curvature is generally ill-
defined in amorphous solids, due to the absence of long-range crystalline order. Here, we demonstrate that the Berry
curvature in the short-range crystalline order of kagome-lattice fragments effectively contributes to the anomalous
electrical and magneto-thermoelectric properties in Fe—Sn amorphous films. The Fe—Sn films on glass substrates
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functional topological amorphous
electronic devices. Fefat x

IL BRHIY R b (202220244 )

“Giant antisymmetric magnetoresistance arising across optically controlled domain walls in the magnetic Weyl
semimetal Co3Sn2S,”

K. FUIIWARA, K. OGAWA, N. YOSHIKAWA, K. KOBAYASHI, K. NOMURA, R. SHIMANO, and

A. TSUKAZAKI

Communications Materials 5, 239-1-6 (2024).

“Suppression of cracking induced by epitaxial strain relaxation using a relaxation absorber during the transfer of
epitaxial thin films of anatase-type Nb:TiO,”

H. NISHIKAWA, A. HIRAOKA, K. SATO, S. ITO, N. KATO, and K. FUJIIWARA

Thin Solid Films 807, 140531-1-8 (2024).

“Strongly pinned skyrmionic bubbles and higher-order nonlinear Hall resistances at the interface of Pt/FeSi
bilayer”

T. HORIL, N. KANAZAWA, K. MATSUURA, H. ISHIZUKA, K. FUIIWARA, A. TSUKAZAKI,

M. ICHIKAWA, M. KAWASAKI, F. KAGAWA, M. HIRAYAMA, and Y. TOKURA

Physical Review Materials 8, 044407-1-8 (2024).

“Bipolarity of large anomalous Nernst effect in Weyl magnet-based alloy films”

S. NOGUCHL K. FUIIWARA, Y. YANAGI, M.-T. SUZUKI, T. HIRAI, T. SEKI, K. UCHIDA, and

A. TSUKAZAKI, Nature Physics 20, 254-260 (2024).

TVAY U= TRl e D h VIR OBENEZN R TR AT B R TiR2024/1/8

“Intercorrelated anomalous Hall and spin Hall effect in kagome-lattice Co3Sn2S»>-based shandite films”

Y.-C. LAU, J. IKEDA, K. FUIIWARA, A. OZAWA, J. ZHENG, T. SEKI, K. NOMURA, L. DU, Q. WU,

A. TSUKAZAK]I, and K. TAKANASHI, Physical Review B 108, 064429-1-11 (2023).

TV AY =2 TR a o VIE OFERNC BT RE 2 Bl & KR CHGE] A REE 7i2023/9/5,
FhARe oV AR, FREA SRR BT T 2ERR2023/10/12

“Fe-SnidifFzE 1 VR B E R — /L 8h B & KPR R 2 W iR ' o s
W fli—, BRI 2207, RI6E B, B AR F R 52440 S E R, 244-4, p.21-25 (2023).

“Berry curvature contributions of kagome-lattice fragments in amorphous Fe—Sn thin films”

K. FUIIWARA, Y. KATO, H. ABE, S. NOGUCH]I, J. SHIOGALI Y. NIWA, H. KUMIGASHIRA, Y. MOTOME,
and A. TSUKAZAKI, Nature Communications 14, 3399-1-7 (2023).

TLAYY =R [N RERro—0MWE, 7ELT 7 AR CHRR] AREFhR2023/6/13

“Improvement of superconducting properties in La;-Sr,NiO> thin films by tuning topochemical reduction
temperature”

M. OSADA, K. FUIIWARA, T. NOJIMA, and A. TSUKAZAKI, Physical Review Materials 7,1.051801-1-7
(2023).

“Enhancement of spin-charge conversion efficiency for Co3;Sn»S; across transition from paramagnetic to
ferromagnetic phase”

T. SEKI, Y.-C. LAU, J. IKEDA, K. FUIIWARA, A. OZAWA, S. IHAMA, K. NOMURA, and A. TSUKAZAKI,
Physical Review Research 5, 013222-1-14 (2023).
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“Electrochemical thinning of Co kagome-lattice layers in ferromagnetic Co3zSn,S; thin films by bias-induced Co
dissolution”

K. FUIIWARA, J. IKEDA, S. ITO, and A. TSUKAZAKI, Journal of Applied Physics 133, 125302-1-7 (2023).
[Featured Article]

“Composition tuning of Mg/Ir ratio and crystallization of a spinel-related structure in Mg-Ir-O films by pulsed-
laser deposition”
M. NEGISHI, K. FUJIIWARA, and A. TSUKAZAKI, Thin Solid Films 769, 139740 (2023)-1-6.

“hAR\ T IVIE A TR R

BRI 725, YE H fli—, 5l 2 S FHEL 92, p.20-24 (2023).

“Thin-film magnetic sensors using topological materials (translated paper)”

K. FUIIWARA, J. SHIOGALI, and A. TSUKZAKI, JSAP Review 2023, 230414 (2023).

“Non-volatile chirality switching by all-optical magnetization reversal in ferromagnetic Weyl semimetal

Co3Sn, Sy

N. YOSHIKAWA, K. OGAWA, Y. HIRAI K. FUJIWARA, J. IKEDA, A. TSUKAZAK]I, and R. SHIMANO,
Communications Physics 5, 328-1-9 (2022).

TVLRAY U= DETUANNYBRBOBAL L A T VT 4 ZE— bR v 2 VB OSCHIENE %
#h<—J HiftET-hRk2022/12/20

“A Noble-Metal-Free Spintronic System with Proximity-Enhanced Ferromagnetic Topological Surface State of
FeSi above Room Temperature”

T. HORI, N. KANAZAWA, M. HIRAYAMA, K. FUIIWARA, A. TSUKAZAKI, M. ICHIKAWA,

M. KAWASAKI, and Y. TOKURA, Advanced Materials 35, 2206801-1-7 (2022).

TV AN Y= (83U 2 ALEWITIIT 5 EIR T OERGFHERACRER O FZB—A /D& Z e
BEHIRUWMAMET A T Y ~—) BRRETHR2022/12/20, [ [202347: A O SesmBfiprg] sor,
WE, RAERDOBIIEZ V—7 §k U 3 ALEM TR T OB AR En 2 SZE8 ) ERoHi2023/1/5

“Electrical detection of domain evolution in magnetic Weyl semimetal Co3;Sn»S; submicrometer-wide wire
devices”

J. SHIOGALI J. IKEDA, K. FUJIIWARA, T. SEKI, K. TAKANASHI, and A. TSUKAZAKI, Physical Review
Materials 6, 114203-1-9 (2022).

“A large unidirectional magnetoresistance in Fe-Sn heterostructure devices”
J. SHIOGALI, K. FUIIWARA, T. NOJIMA, and A. TSUKAZAKI, Japanese Journal of Applied Physics 61,
083001-1-5 (2022).

“L2; ordering of CozFeSn thin films promoted by high-temperature annealing”
K. FUIIWARA, K. SHIBATA, S. NISHIMURA, J. SHIOGAI, and A. TSUKAZAKI, AIP Advances 12, 065030-
1-7 (2022).

Kohei FUIIWARA
ORCID: 0000-0002-2164-2462 (https://orcid.org/0000-0002-2164-2462)

I ZoSRER QO4EE)

“RANy Z Y TR K DT A AR TE 4@ CoSn DR E” (RA 4% —)

H Pk, BRIs 221

REBEEEALTF D VR T L RAZ =536 (FHEBTRT: « HL 2025/2/27)

“Exploration of Device Functionality Specific to Magnetic Weyl Semimetals Using Co3Sn»S,-Based Thin Films”
(FAFFRETE)

K. FUJIWARA and A. TSUKAZAKI

5534[8] H AMRSAEK K B3-116-017 (B IL3246 - BRI 2024/12/16)
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ORCID: 0000-0003-1022-430X

Unique Hydration/Dehydration-Induced Vapochromic Behavior of a Charge-Transfer Salt Comprising
Viologen and hexacyanidoferrate(II)

Rikako Tanaka, Atsushi Okazawa, Hisashi Konaka, Akito Sasaki, Norimichi Kojima,Nobuyuki Matsushita
Inorganic Chemistry, 2018, 57,2209-2217.  (doi:10.1021/acs.inorgchem.7b03100)

We successfully prepared and crystallographically characterized the first intermolecular charge-transfer (CT)-
based vapochromiccompound, (EV)(H30)2[Fe(CN)s] (1-Wet, EV?*: 1,1°-diethyl-4,4’-bipyridine-1,1’-diium),
an ethyl viologen-containing CT salt. 1-Wet, which is purple in color, is transformed into a brown powder
(1-Dry) upon exposure to methanol vapor, drying over silica gel, or heating; 1-Dry returns to 1-Wet upon
exposure to water vapor. These color changes are induced by hydration and dehydration, and gravimetric
analyses suggest that 1-Dry is the dehydrated form of 1-Wet, namely (EV)(H)2[Fe(CN)g].
Interestingly, desorption of water molecules from the oxonium ions in 1-Wet produces isolated protons (H")
that remain in 1-Dry as counter cations. Powder X-ray crystal structure analysis of 1-Dry reveals the
presence of very short contacts between the nitrogen atoms of adjacent [Fe(CN)¢]* anions in the crystal. The
isolated protons are trapped between the nitrogen atoms of cyanido ligands to form very short N---H---N
hydrogen bonds. A detailed comparison of the crystal structures of 1-Wet and 1-Dry reveals that hydration and
dehydration induce changes in crystal packing and intermolecular CT interactions, resulting in reversible color
changes.

(EV)(H,0),[Fe(CN),] (1-Wet) (EV)Y(H),[Fe(CN),] (1-Dry)

)
2H,0 ;
BN
XX 0o gé%
| &
Pk * O-H---N /Ve':y Short NHiN\L,><

Hydrogen Bonds ‘.\ Hydrogen Bonds /r"

A Luminescent Nonlinear-chain Tetracyanoplatinate(Il) Forming a Charge-transfer Complex with
MethylViologen

Daisuke Shiota and Nobuyuki Matsushita
Chemistry Letters, 2008, 37,398-399.  (doi:10.1246/c1.2008.398)

We display that a tetracyanoplatinate(Il) forming a charge-transfer complex with methyl viologen dication
in the crystal exhibits intense luminescence despite no direct Pt---Pt interaction.
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Single crystal X-ray diffraction study of a mixed-valence gold compound, Cs;Au’Au'Clsunder high
pressures up to 18 GPa: Pressure-induced phase transition coupled with gold valence transition

Nobuyuki Matsushita, Hans Ahsbahs, Stefan S. Hafner, Norimichi Kojima
Journal of Solid State Chemistry, 2007, 180, 1353-1364.  (do0i:10.1016/].jssc.2007.01.037)

We performed the single-crystal X-ray diffraction study of a perovskite-type gold mixed-valence compound,
Cs2Au'Au"'Cl,, under high pressures up to 18 GPa by using a diamond-anvil-cell with helium gas as an

ideal hydrostatic pressure-transmitting medium. The lattice parameters and the variable atomic positional
parameters were obtained with reasonable accuracy at various pressures. A structural phase transition at ca.
12.5 GPa from /4/mmm to Pm3m was found. The lattice parameters ao and co, denoted in the tetragonal cell
setting,result in the relationship 2'ag = co, and the superstructure reflections 4kl (I is odd), caused by the shift
of the Cl ions from the midpoint of the Au ions, disappeared at pressures above the phase transition. Both
elongated [AuCl¢] and compressed [Au'Cls] octahedra in the low-pressure phase smoothly approach regular
octahedra with increasing pressure. Above the structural phase transition at 12.5 GPa, all the [AuCls]
octahedra are crystallographically equivalent, which proves that the tetragonal-to-cubic phase transition
accompanies the valence transition from the Au/Au™ mixed-valence state to the Au'' single-valence state.

pH-Dependent Color-Change Behavior of Bis(o-phenylenediamine)platinum(II) Complexand pH-
Dependent Redox of Bis(o-semibenzoquinonediimine)platinum(II) complex

Yosuke KONNO and Nobuyuki MATSUSHITA
Bulletin of the Chemical Society of Japan, 2006, 79, 1046-1053. (doi:10.1246/bcsj.79.1046)
“Selected Paper | Zi% .

pH-dependent color changes of innocent diamineplatinum(Il) complex, [Pt(H2L):]Cl> ([1]Cl), where H,L
is o-phenylenediamine, and pH-dependent redox of non-innocent diimineplatinum(Il) complexes, [Pt(L):] (2)
and [{Pt(L)2}2]Cl» ([22]Cl2), where L is o-semibenzoquinonediimine monoanion or neutral o-
benzoquinonediimine,have been investigated by Vis-NIR spectroscopy and cyclic voltammetry in solutions
of various pH. The crystals of [1]Cl,-2H>0 and [2,]CL-6H>O have been also characterized by X-ray
crystallography. [1]Cl, in aqueous solution changes from colorless either to purple or to yellow-green
depending on the pH of the solution. The purple solution gave a neutral complex 2 and the yellow-green
solution yielded [22]Cl>-6H-O. In the latter complex, the monocation, [2]" dimerizes forming a weak Pt—Pt
bond [3.0109(4) A] with no bridging ligands. The spectroscopy of [1]Cl, in the buffer solutions shows that the
complex 2 is formed in the range of pH 4.6-5.8, while the complex [2]" is generated in the range of pH
2.1-4.5. These results indicate that the one-electron redox process of [2]%/2 depends on the pH of the solution.
Adjusting the pH of the solution by adding acid or base is able reversibly to control this redox process.
This behavior is a kind of pH-dependent chromism because of their color being different.

IL FFEHCU 2 b (2020-20244E %)

“A theoretical study on non-bridging dimer formation of a cationic platinum complex with a redox-active
ligand”

Sakamoto, Y.; Kikkawa, S.; Yokojima, S.; Nobuyuki Matsushita, N.; Nakamura, S.

ChemistrySelect, 2022, 7, €202103827 (9 pages). (doi.org/10.1002/s1ct.202103827)

“Shape-selective one-step synthesis of branched gold nanoparticles on the crystal surface of redox-active Pd'l-
macrocycles”

Yamashita, Y.; Tashiro, S.; Ishii, Y.; Uchihashi, T.; Matsushita, N.; Kubota R.; Shionoya, M.

Dalton Transations, 2022, 51, 1318-1324. (doi.org/10.1039/d1dt03973c)

“Core—shell metal-macrocycle framework (MMF): spatially selective dye inclusion through core-to-shell
anisotropic transport along crystalline 1D-channels connected by epitaxial growth”

Tashiro, S.; Mitsui, S.; Burke, D. W.; Kubota, R.; Matsushita, N.; Shionoya, M.

CrystEngComm, 2020, 22, 1306-1309. (doi:10.1039/d0ce00120a)
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Canted Antiferromagnetic Molecular Conductor Showing Ambipolar FET Characteristics Based on Neutral
Radical Gold Dithiolene Complex

S. Yokomori, S. Imajo, T. Higashino, M. Ito, T. Fujino, S. Dekura, N. Matsushita, H. Mori

International Conference on Science and Technology of Synthetic Electronic Materials 2024, Internationales
Congress Center Dresden, Dresden, 23.6.2024-28.6.2024
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Extremely Stable System of 1-Haloselanyl-anthraquinones: Experimental and Theoretical Investigations

Ogawa, N.; Suzuki, N.; Katsura, Y.; Minoura, M.; Nakanishi, W.; Hayashi, S.
Dalton Trans., 2024, 53(24), 10099-10112, (DOI: 10.1039/d4dt00760c)

Highly stable selanyl halides were synthesized and structurally analyzed,
including variants with different halogens and substituents. Quantum
chemical calculations showed that short oxygen—selenium distances
significantly contribute to the compounds' high stability, with interaction
strength increasing with halogen electronegativity. QTAIM-DFA analysis
revealed that selenium—halogen interactions vary from covalent to halogen
bonding with charge transfer, while oxygen—selenium interactions generally
involve multicenter bonding with charge transfer. In compounds with
hydrogen, carbon, or selenium substituents, selenium bonding is covalent,
and oxygen—selenium interactions resemble typical hydrogen bonds without
covalency. Stabilization energies from NBO analysis correlated well with structural parameters, supporting the
observed trends in interaction strength and stability.

Zn-Based Metal-Organic Frameworks Using Triptycene Hexacarboxylate Ligands: Synthesis, Structure, and
Gas-Sorption Properties

Sugamata, K.; Yamada, S.; Yanagisawa, D.; Amanokura, N.; Shirai, A.; Minoura, M.
Chemistry-A Eur. J. 2023, 29, €202302080, (DOI: 10.1002/chem.202302080)

A series of metal-organic frameworks (MOFs) based on zinc ions and two
triptycene ligands of different size have been synthesized under solvothermal
conditions. Structural analyses revealed that they are isostructural 3D-network |
MOFs. The high porosity and thermal stability of these MOFs can be attributed =
to the highly rigid triptycene-based ligands. Their BET specific surface areas
depend on the size of the triptycene ligands. In contrast to these surface-area A&
data, the H, and CO; adsorption of these MOFs is larger for MOFs with small
pores. Consequently, we introduced functional groups to the bridge-head
position of the triptycene ligands and investigated their effect on the gas- H&= y ;
sorption properties. The results unveiled the role of the functional groups in the specific CO» bmdmg via an induced
interaction between adsorbates and the functional groups. Excellent H, and CO» properties in these MOFs were
achieved in the absence of open metal sites.

Tellurium-Centered Bent Allenes: Synthesis, Characterization, and Reactivity

Sugamata, K.; Asakawa, T.; Urao, Y.; Minoura, M.
Inorganic Chemistry, 2022, 61(44), 17641-17645, (DOI: 10.1021/acs. inorgchem.2¢02697)

Compounds with multiple bonds between elements of the second and fifth
periods are extremely unstable, and systematic investigations into their
properties remain elusive. Herein, we report a tellurium-centered heteroallene
that contains multiple bonds between carbon and tellurium. This compound is
the first example of bis(methylene)-A*-tellane, which was synthesized and fully
characterized using multinuclear NMR spectroscopy and X-ray crystallography.
In the solid state, this A*-tellane exhibits a bent allene structure for the C=Te=C
moiety and unsaturated Te—C bonds. Interestingly, the allene-type structure is
retained in the solution, which is reflected in an absorption band due to the n—
n* transition at 610 nm. This A*-tellane also exhibits unique reactivity toward
dihalogermylenes, which yielded rare cyclic telluragermetanes.
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transfer, and applications in photon upconversion”
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Invited to “Perspective”, Selected as “Supplementary Journal Cover”

Recent experimental findings, rapidly accumulating over the past
few years, has revealed that in the electronic excited states of metal
nanoclusters (MNCs) composed of noble metal atoms (e.g., Cu, Ag,
or Au), triplet states are generated with remarkably high efficiency,
exerting a pivotal influence over the photophysical properties of the
MNCs, notably their photoluminescence characteristics. As a
result, MNCs are increasingly recognized as promising luminescent
nanomaterials that exhibit room-temperature phosphorescence and
thermally activated delayed fluorescence. Furthermore, the
significance of triplet-state-mediated energy transfer and charge
transfer in intermolecular photophysical processes is gaining
increasing recognition, particularly in the applications of MNCs as
photosensitizers for singlet oxygen and organic molecular triplets.
This Perspective focuses on recent advances in understanding of
the formation and photophysics of triplet states in MNCs.
Additionally, a brief overview is provided of a series of studies
exploring the use of MNCs as triplet sensitizers for photon
upconversion via triplet—triplet annihilation, and future prospects
for this emerging application are discussed.
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“Triplet-Mediator Ligand-Protected Metal Nanocluster Sensitizers for Photon Upconversion”
Arima, D.; Hidaka, S; Yokomori, S.; Niihori, Y.; Negishi, Y.; Oyaizu, R.; Yoshinami, T.; Kobayashi, K.*;
Mitsui, M.* J. Am. Chem. Soc. 2024, 146, 16630-16638. (DOI: 10.1021/jacs.4c03635)
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Selected as “Supplementary Journal Cover”

Triplet—triplet annihilation photon upconversion (TTA-UC) are
attracting a great deal of attention as a viable approach to exploit
unutilized wavelengths of light in solar-driven devices. Recently,
ligand-protected metal nanoclusters have emerged as a
compelling platform for serving as triplet sensitizers for TTA-
UC. In this study, we developed an atomically precise, triplet-
mediator ligand (TL)-protected metal nanocluster, Au,Cus(S-
Adm)s[P(DPA)3]2 (AuzCusDPA). In AuxCusDPA, the excitation
of the AuxCug core rapidly generates a metal-to-ligand charge
transfer state, followed by the formation of the long-lived triplet
state (approximately 150 ps) at a DPA site in the TL. By
combining Au;CusDPA with a DPA annihilator, we achieved a
red-to-blue upconversion quantum yield (®ucg) of 20.7 = 0.4%
(50% max.) with a low threshold excitation intensity of 36
mWcem 2 at 640 nm. This quantum yield almost reaches the
maximum limit achievable using a DPA annihilator and
establishes a record-setting value, outperforming previously
reported nanocrystal and nanocluster sensitizers. Furthermore,
strong upconversion emission based on a pseudo-first-order TTA
process was observed under 1-sun illumination, indicating that
the Au,CusDPA sensitizer holds promise for applications in
solar-energy-based systems
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Moment Analysis Method for Determination of Permeation Kinetics of Coumarin at Lipid
Bilayers of Liposomes by Using Capillary Electrophoresis
Miyabe, K.; Sakai, M.; Inaba, S. Electrophoresis 2024, 45, 1885-1894.

A method was developed for studying
mass transfer kinetics at lipid bilayers of

Moment {Equilibrium: Ko = kin | Kou

. . X h N dle 3 3
liposomes. Elution peaks of coumarin were theory J]kinetics : [5, ] =_Rp‘km[‘] ——R:kout[ OJ
measured by liposome electrokinetic s _ e P, >(K,
chromatography (LEKC). Four types of Solute Complex (0) £ gnr?ar};/es?; ki,
phospholipids having different alkyl chains C out
were used for preparing liposomes, which — =z —— ¢ \ 4

. . Injection LEKC
were used as pseudo-stationary phases in
LEKC systems. Rate constants of 0\

permeation across lipid bilayers of
liposomes or of adsorption at lipid membranes were determined by analyzing the first absolute and
second central moments of the elution peaks measured by LEKC. The rate constants of permeation
or adsorption tend to decrease with an increase in the carbon number of the alkyl chains of
phospholipids. It was demonstrated that moment analysis of elution peak profiles measured by
LEKC is effective for determining lipid membrane permeability or adsorption kinetics. Compared
with other conventional techniques, the method has some advantages for studying mass transfer
kinetics at lipid bilayers. Solute permeation across or solute adsorption at real lipid bilayers of
liposomes is analyzed. The principle of the method is the analysis of separation behavior in LEKC,
which is different from that of the other ones. It is expected that the method contributes to the
kinetic study of mass transfer at lipid bilayers from various perspectives.

Moment Analysis Method for Determination of Rate Constants of Solute Permeation across
Interface of Spherical Molecular Aggregates by Means of High-Performance Liquid
Chromatography
Miyabe, K.; Ito, U. J. Chromatogr. A 2024, 1730, 465160.

A  moment analysis method was

developed for the study of solute permeation Solute @ i o
at the interface of spherical molecular e + %3:‘545 <k—. WS
aggregates. At first, new moment equations N out  #f
were developed for determining the partition TiiSttionary Phase/7Z777

equilibrium constant (K;,) and permeation rate Jl

Positi rP——
constants (kin and kout) of solutes from the first Gty . EI(}l"llbrlum
absolute (u1a) and second central (u2c) Variance . l(<ir[i)etics

moments of elution peaks measured by using : (#20) (Kins K our)
high-performance liquid chromatography Injection Elution peak -

. M anal
(HPLC). Then, the method was applied to the Oment analyss

analysis of mass transfer phenomena of three solutes, i.e., hydroquinone, resorcinol, and catechol, at
the interface of sodium dodecylsulfate (SDS) micelles. HPLC data were measured by using an ODS
column and an aqueous phosphate buffer solution (pH = 7.0) as the mobile phase solvent. Pulse
response experiments were conducted while changing SDS concentration (5 - 20 mmol dm™) in the
mobile phase under the conditions that the surface of ODS stationary phase was dynamically coated
by SDS monomers. In order to demonstrate the effectiveness of the moment analysis method using
HPLC, the values of K, kin, and kow were determined for the three solutes as 35 - 69, 2.4 x 108 - 1.4
x10°m s, and 7.0 x 101°-2.1 x 10® m s7!, respectively. Their values increase with an increase in
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the hydrophobicity of the solutes. The method has some advantages for the study of interfacial
solute permeation of molecular aggregates. For ex ample, neither immobilization nor chemical
modification of both solute molecules and molecular aggregates is required when elution peaks are
measured by using HPLC. Interfacial solute permeation takes place in the mobile phase without any
chemical reaction or physical action on molecular aggregates. The values of Kp, kin, and kout Were
analytically determined from those of i1 and ¢ by using the moment equations. The results of this
study must contribute to the dissemination of an opportunity for studying the interfacial solute
permeation of molecular aggregates to many researchers because of extremely high versatility of
HPLC.

Moment Analysis for Study of Reaction Kinetics between Phenylboronic Acid and
Monoccharides by Affinity Capillary Electrophoresis
Miyabe, K.; Oya, M.; Imaizumi, M. Bull. Chem. Soc. Jpn. 2024, 97, uoae104.
A moment analysis method was _
applied to the study of intermolecular = kJlkq

interactions between phenylboronic acid ... 0Cx _ k
and monosaccharides to demonstrate its Kinetics : ot _kaCSCL_ dex ka
effectiveness. The values of first absolute —— ACE Ad
and second central moments of elution M .

) ) oment
peaks measured by affinity capillary anal_ysis
electrophoresis (ACE) were analyzed on .

the basis of the moment theory to
determine those of association equilibrium
constant and association and dissociation
rate constants of the intermolecular
interactions. Their values were fairly in
agreement with corresponding results reported in previous studies. The moment analysis method
using ACE has some advantages in comparison with conventional spectroscopic methods. For
example, neither immobilization nor fluorescence labelling of solute and/or ligand molecules is
required when ACE data are measured. Because the principle of the method is different from those
of ordinary spectroscopic ones, it contributes to the kinetic study of intermolecular interactions from
various perspectives. It was also tried to compare some intrinsic characteristics of the moment
analysis method with those of two historical ones, which were developed by Whitesides’ group and
Krylov’s group. Some restrictive features of the moment analysis method were also explained. It
was concluded that the moment analysis method using ACE is effective as one of experimental
methods for the analysis of intermolecular interactions.

=
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1) Miyabe, K.; Ito, U. Moment Analysis of Solute Permeation Kinetics at the Interface of Spherical
Molecular Aggregates by Using Partial Supplying High-Performance Liquid Chromatography. /nd.
Eng. Chem. Res. 2025, 64, 1241-1251. https://doi.org/10.1021/acs.iecr.4c03661

2) Miyabe, K.; Hiyama, K. Moment analysis of intermolecular interactions between plural solute
molecules and one ligand molecule by means of high-performance liquid chromatography. Bull. Chem.
Soc. Jpn. 2025, 98, uoaf024. https://doi.org/10.1093/bulcsj/uoat024

3) Miyabe, K.; Sakai, M.; Inaba, S. Moment analysis method for the determination of permeation
kinetics of coumarin at lipid bilayers of liposomes by using capillary electrophoresis. Electrophoresis
2024, 45, 1885-1894. https://doi.org/10.1002/elps.202400100
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4) Miyabe, K.; Ito, U. Moment analysis method for determination of rate constants of solute
permeation across interface of spherical molecular aggregates by means of high-performance liquid
chromatography. J. Chromatogr. A 2024, 1730, 465160.
https://doi.org/10.1016/j.chroma.2024.465160

5) Miyabe, K.; Oya, M.; Imaizumi, M. Moment analysis by affinity capillary electrophoresis for study
of reaction kinetics between phenylboronic acid and monoccharides. Bull. Chem. Soc. Jpn. 2024, 97,
uoael04. https://doi.org/10.1093/bulcsj/uoaecl04

6) Miyabe, K.; Ishitobi, A.; Hiyama, K.; Kubotani, F. Moment Analysis Method for Measurement of

Reaction Equilibrium and Rate Constants by Using High Performance Liquid Chromatography. Anal.
Chem. 2024, 96, 4553-4561.

7) Miyabe, K.; Umeda, M.; Inaba, S.; Senoo, S. Analysis of Mass Transfer Kinetics at Lipid Bilayer
Membranes of Liposome by Means of Electrokinetic Chromatography and Moment Theory. Ind. Eng.
Chem. Res. 2024, 63, 2822-2830.

8) Miyabe, K.; Inaba, S.; Umeda, M. A Study on Attempt for Determination of Permeation Kinetics of
Coumarin at Lipid Bilayer of Liposomes by Using Capillary Electrophoresis. J. Chromatogr. A 2023,
1687,463691.

9) Miyabe, K. Moment Equations for Partial Filling Capillary Electrophoresis. Electrophoresis 2022,
43, 559-570.

10) Miyabe, K. Moment Theory of Affinity Capillary Electrophoresis for Analysis of Reaction
Kinetics of Intermolecular Interactions. J. Chromatogr. A 2022, 1684, 463557.

11) Miyabe, K.; Aoki, K. Moment Analysis of Solute Permeation Kinetics at Interface of Mixed
Micelles of Anionic and Nonionic Surfactants. Bull. Chem. Soc. Japan 2022, 95, 1715-1722.
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"Large-scale FMO-MP2 calculations of the spike protein
droplet model"

H. Doi, T. Nakano, K. Sakakura, K. Akisawa, K. Okuwaki, Y.
Hirano, E. Yamamoto, K. Yasuoka, S. Ohshima, T. Katagiri,
and Y. Mochizuki*, Journal of Computational Chemistry, 46
(2025) €70052-1-6. Open Access Paper.
<https://onlinelibrary.wiley.com/doi/full/10.1002/jcc.70052>

The spike protein of SARS-CoV-2 is a challenging target for

theoretical approaches. Here we report a benchmark calculation of the spike protein droplet model by
the fragment molecular orbital (FMO) at the second-order Mgller-Plesset perturbation (MP2) level on
the supercomputer Fugaku. One hundred structure samples from molecular dynamics (MD) simulations
were used for both the closed and open forms of this protein (PDB IDs 6XLU and 6XMO respectively).
The number of total fragments is about 20,000, and the job time per structure was about 2 h on 8 racks
of Fugaku.

"Feature vectorization of microphase-separated structures in polymeric materials using
dissipative particle dynamics and persistent homology for machine learning applications"

Y. Higashi, K. Okuwaki, Y. Mochizuki, T. Fujigaya, and K. Kato*, Digital Discovery, 4 (2025)
1339-1351. Open Access Paper.

<https://pubs.rsc.org/en/content/articlelanding/2025/dd/d4dd00376d>

Recently, materials informatics (MI) has gained attention ) Inverstianalysis
. . Feature extraction 3 A } }
as an efficient approach for materials development. . y 4 't!
However, its application to polymers has been limited 25
owing to the complexity and significance of the | "
higher-order structures unique to these materials. This ' ey
. Phase-separated Persistent 2, 20% 5
study focuses on microphase-separated structures, among  structure by DPD Homology e

the higher-order structures, as they influence many Unsupervised mathine&i;arning"
functional polymeric materials that support modern

society. To implement MI that accounts for specific higher-order structures, such as
microphase-separated structures, these structures must be quantified and converted into features. This
approach addresses a gap in current materials informatics, in which traditional methods do not
adequately account for the complex structures of polymers. Persistent homology (PH), a topological data
analysis method, was used to extract features from the microphase-separated structures of polymeric
materials. A coarse-grained simulation method known as dissipative particle dynamics (DPD) was used
to generate the microphase-separated structures for PH analysis. The method was validated using
electrolyte membranes for fuel cells, where microphase-separated structures are critical. Topological
feature extraction was successfully performed on Nafion™ and its analogs, Aquivion® and Flemion™.
Additionally, the correlation between the extracted features and proton conductivity was analyzed using
unsupervised machine learning, which indicated that these features can be used to predict proton
conductivity. The combination of DPD and PH can effectively convert microphase-separated structures
into features. This method may be applicable to a wide range of polymeric materials influenced by
microphase-separated structures, as it is not limited to proton exchange membranes or proton
conductivity. This research marks a significant step toward advancing polymer informatics by
incorporating the microphase-separated structures of polymers.
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"Extension of the K-orbital method and its demonstration in conjunction with spin-adapted large-scale
parallelized CASCI", K. Tanaka*, T. Ishikawa, and Y. Mochizuki, Chem. Lett., 54 (2025) upaf112-1-4.

"Feature vectorization of microphase-separated structures in polymeric materials using dissipative
particle dynamics and persistent homology for machine learning applications", Y. Higashi, K. Okuwaki,
Y. Mochizuki, T. Fujigaya, and K. Kato*, Dig. Discov., 4 (2025) 1339-1351.

"Concurrent processing of VQE-UCCSD calculations with the FMO scheme", H. Doi, K. Sugisaki, T.
Nakano, T, Katagiri, and Y. Mochizuki*, submitted to a peer review journal / the first draft is available at
<https://chemrxiv.org/engage/chemrxiv/article-details/67c6875afa469535b9d8b7fa>.

"FMO-based interaction analysis on DEET/icaridin - AgamOBP1 complex", K. Akisawa, Y. Sakuma, A.
Tsukamoto, H. Doi, K. Okuwaki, Y. Hirano, E. Yamamoto, K. Yasuoka, and Y. Mochizuki*, Chem. Lett.,
54 (2025) upaf030-1-5.

"Large-scale FMO-MP2 calculations of the spike protein droplet model”, H. Doi, T. Nakano, K.
Sakakura, K. Akisawa, K. Okuwaki, Y. Hirano, E. Yamamoto, K. Yasuoka, S. Ohshima, T. Katagiri, and
Y. Mochizuki*, J. Comp. Chem., 46 (2025) ¢70052-1-6.

"Acceleration of Environmental Electrostatic Potential Using Cholesky Decomposition with Adaptive
Metric (CDAM) for Fragment Molecular Orbital-based Molecular Dynamics (FMO-MD) Simulation", T.
Nakano*, Y. Komeiji, Y. Okiyama, and Y. Mochizuki, J. Comp. Chem. Jpn. Intern. Ed., 10 (2024) Article
ID: 2023-0038-1-8.

"Geometry Optimization using the Frozen Domain and Partial Dimer Approach with the Fragment
Molecular Orbital Method: Implementation, Benchmark, and Application for Ligand-Binding Site of
Proteins", K. Okuwaki, N. Watanabe, K. Kato, C. Watanabe, N. Nakayama, A. Kato, Y. Mochizuki, T.
Nakano, T. Honma, and K. Fukuzawa*, J. Chem. Inform. Model., 64 (2024) 9449-9458.

"Size-consistency and orbital-invariance issues revealed by VQE-UCCSD calculations with the FMO
scheme", K. Sugisaki*, T. Nakano, and Y. Mochizuki, J. Comp. Chem., 45 (2024) 2204-2213.

"DPD simulation to reproduce lipid membrane microdomains based on fragment molecular orbital
calculations", H. Doi*, Y. Osada, Y. Tachino, K. Okuwaki, M. W. S. Goh, R. Tero, and Y. Mochizuki,
Appl. Phys. Express, 17 (2024) 055001-1-5.

"Towards tailoring hydrophobic interaction with uranyl(VI) oxygen for C-H activation", S. Tsushima*, J.
Kretzschmar, H. Doi, K. Okuwaki, M. Kaneko, Y. Mochizuki, and K. Takao, Chem. Comm., 60 (2024)
4769-4772.

"Enhancement of energy decomposition analysis in fragment molecular orbital calculations”, S.
Matsuoka, S. Sakakura, Y. Akinaga, K. Akisawa, K. Okuwaki, H. Doi, and Y. Mochizuki*, J. Comp.
Chem., 45 (2024) 898-902.

"Prediction of Binding Pose and Affinity of Nelfinavir, a SARS-CoV-2 Main Protease Repositioned
Drug, by Combining Docking, Molecular Dynamics, and Fragment Molecular Orbital Calculations", Y.
Handa, K. Okuwaki, Y. Kawashima, R. Hatada, Y. Mochizuki, Y. Komeiji, S. Tanaka, T. Furuishi, E.
Yonemochi, T. Honma, and K. Fukuzawa*, J. Phys. Chem. B, 128 (2024) 2249-2265.

"Development of Reverse Mapping System Bridging Dissipative Particle Dynamics and Fragment
27



A == Rikkyo University
EH *E'L‘\ Department of Chemistry.

Molecular Orbital Calculation", K. Okuwaki, H. Doi, T. Ozawa, and Y. Mochizuki*, Jpn. J. Appl. Phys.,
62 (2023) 110902-1-4.

"Dissipative particle dynamics simulation for peptoid nanosheet with non-empirical parameter set", Y.
Tachino, K. Okuwaki, H. Doi, K. Akisawa, and Y. Mochizuki*, Jpn. J. Appl. Phys., 62 (2023)
090902-1-6.

"Bayesian phase difference estimation algorithm for direct calculation of fine structure splitting:
accelerated simulation of relativistic and quantum many-body effects", K.Sugisaki*, V. S. Prasannaa, S.
Ohshima, T. Katagiri, Y. Mochizuki, B. K. Sahoo, and B. P. Das, Electr. Struct., 5 (2023) 035006-1-10.

"Machine learning to improve efficiency of non-empirical interaction parameter for dissipative particle
dynamics (DPD) simulation”, H. Doi*, S. Matsuoka, K. Okuwaki, R. Hatada, S. Minami, R. Suhara, and
Y. Mochizuki, Jpn. J. Appl. Phys., 62 (2023) 070901-1-6.

"Bifurcated hydrogen bonds in a peptide crystal unveiled by X-ray diffraction and polarized Raman
spectroscopy”, K. Motai, N. Koishihara, T. Narimatsu, H. Ohtsu, M. Kawano, K. Akisawa, K. Okuwaki,
T. Mori, J.-S. Kim, Y. Mochizuki, and Y. Hayamizu*, Cryst. Growth Des., 23 (2023) 4556-4561&6988.

"Practical computational chemistry course for a comprehensive understanding of organic, inorganic, and
physical chemistry: from molecular interactions to chemical reactions", N. Kuroki, Y. Mochizuki, and H.
Mori*, J. Chem. Educ., 100 (2023) 647-654.

"Bayesian phase difference estimation algorithm for direct calculation of fine structure splitting:
quantum simulation of relativistic quantum chemistry”, K.Sugisaki*, V. S. Prasannaa, S. Ohshima, T.
Katagiri, Y. Mochizuki, and B. P. Das, Electr. Struct., 5 (2023) 035006-1-10.

"Lattice folding simulation of peptide by quantum computation", R. Saito, K. Okuwaki, Y. Mochizuki*,
R. Nagai, T. Kato, K. Sugisaki, and Y. Minato, J. Comp. Chem. Jpn. Intern. Ed., 9 (2023) ID:
2022-0036.

"Variational quantum eigensolver simulations with the multireference unitary coupled cluster ansatz: a
case study of the C,, quasi-reaction pathway of beryllium insertion into a H, molecule", K. Sugusaki*, T.
Kato, Y. Minato, K. Okuwaki, and Y. Mochizuki, Phys. Chem. Chem. Phys., 24 (2022) 8439-8452.

"Collective residue interactions in trimer complexes of SARS-CoV-2 spike proteins on the basis of
fragment molecular orbital method", K. Okuwaki, K. Akisawa, R. Hatada, Y. Mochizuki, K. Fukuzawa,
Y. Komeiji, and S. Tanaka*, Appl. Phys. Express, 15 (2022) 017001-1-9.

"EMO {EDOF EAERE 2 AW ABSEES S 2 L— g o L oiE gLk, HEEE,
Rif, LAME, 1. Comp. Chem. Jpn., 23 (2024) 105-114.

"ABINIT-MP 7'1 7' Z AOBLK &4 %", LA & P, WEHK, TEES, Binilk,
TNEEZRIR, WIREE 2, KREERL, EEP, A2, 1. Comp. Chem. Jpn., 23 (2024) 85-97.

"FMODB /5 0T — X Bt H Python 27 U 7 s OBHFE", AAMPHOKR, MiEHE, BiRsLK, +
JEFLE, A HE*, J. Comp. Chem. Jpn., 23 (2024) 45-49.

"7 5T A Ny THERRIC L HBE - ZRBOR RO, LA MG, hEED, KA
BER, HEEFE], HP A, FHE T, 29 (2024) 4813-4817.

"FMO 7 12 7" 5 2 ABINIT-MP Ok 2023", S A #hias*, iy, S|ABK, BpILK, -
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(2024) 4-8.

37 AN TEE] Ao EREr — R~ v 7 2023", FMO #HBITR OB & Kb f#E0,
2023/12/26 ZABH, <https://cs-forum.github.io/roadmap-2023/>.

"B LRI BICET D FMO-DPD 3 2 L—3 g VNS A— 2 EE L RIT, KIJBHES, +
SRS, BRELK, RS, S H $h*, J. Comp. Chem. Jpn., 22 (2023) 15-17.

"TEE) BROT T 7 AL My riuEEE", EAME, kT L2023 48 A5, 12-15.
BT =g o, BEEEx, EAME, BRI ER A T ¢ 7S, 77 (2023) 43-48.
"FMO 7' 1 77 s ABINIT-MP O#{iiR 1 2022, 2 A #his*, i, SaiiR, ESEE, &
FER(RER, BLMRELR, RKIEFNEE, TEE, KEERSE, AHIZEEE, J. Comp. Chem. Jpn., 21 (2022)
106-110.

"B Ea— 2 BRI LI E R EOBRIIARET IV, TR, BRILR, A S,
K FFRERRR, et C., AW E], EEE—EL, J. Comp. Chem. Jpn., 21 (2022) 39-42.
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FR&E*, ALREE, RS, Bigdlk, SR A, (U Fkt, REBETS, WERFIRE, 1178554,
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FE* R, KIVEFREST, BLARELK, SFER A, BAME, B 29 [BIFHE L¥EHS, M,
2024/6/11.
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A visible-light-responsive fluorescent diarylethene having a betaine structure
Nishimura, R.; Kaisho, N.; Morimoto, M. Chem. Eur. J. 2024, 30, €202403076.

As a new molecular scaffold of photoswitchable fluorophore, we developed a photochromic diarylethene
containing a betaine structure based on pyridinium N-enolate. A facile reaction of a pyridyl-substituted
dithienylperfluorocyclopentene derivative with octafluorocyclopentene constructed the betaine structure. The
introduction of the betaine moiety provided the diarylethene molecule with bathochromically shifted optical absorption
and fluorescing ability, thus enabling the molecule to function as a visible-light-responsive turn-off mode
photoswitchable fluorophore. The molecule in the open-ring form emitted bright bluish green fluorescence. Upon
irradiation with 405 nm light, the molecule
underwent cyclization isomerization to form

the closed-ring isomer and the fluorescence A= 405 nm
intensity significantly decreased. The turn- -—
A>520 nm

off mode fluorescence photoswitching was
observed not only in solution but also in
polymer films.

Mechanically induced transient fluorescence of photochromic diarylethene crystals for sensing and security
material
Nishimura, R.; Kobayashi, Y.; Sotome, H.; Miyasaka, H.; Morimoto, M. Adv. Opt. Mater. 2024, 12, 2400143.
Luminescent materials responding to mechanical stimulation can visualize the strain and mechanical damage
applied to objects. Mechanofluorochromism is a well-known phenomenon induced by the mechanical force on
fluorescent crystalline materials. However, simple application of the mechanofluorochromism is unsuitable for
temporally and spatially detecting stress in detail because the fluorescent state is kept for rather long period. Here, the
dynamic stress-sensing luminescent solid material of a photochromic diarylethene with a fluorescent moiety is reported.
Under the stress applied to the crystalline state, this material emitted cyan-colored transient fluorescence that is rapidly
diminished within a few second. This dynamic fluorescence phenomenon is well controlled by the combination of light
irradiation and other external stimuli (organic solvent vapor and/or heat). In addition, the luminescence period is
regulated by the excitation wavelength and magnitude of applied force. By utilizing these responses, the rewritable
dynamic information encryption is successfully demonstrated. This material with transient fluorescence overcomes the
persistence of fluorescence color of
mechanochromism and present results
provide a new  principle for
multifunctional light-emitting materials
responding to mechanical stimulation.

A turn-on mode fluorescent diarylethene having an azacrown ether receptor: Metal-ion-gated enhancement of
the photoreactivity and fluorescence
Takaku, S.; Nishimura, R.; Morimoto, M. Dyes Pigm. 2023, 216, 111354.

This paper reports the metal-ion-gated enhancement of the photoreaction and fluorescence of a newly
synthesized photoswitchable fluorescent diarylethene derivative having an azacrown ether receptor. In the
absence of metal ions, the diarylethene molecule underwent the photoisomerization and turn-on mode switching
of fluorescence, but the photoreactivity and fluorescing ability were suppressed by intramolecular photoinduced
electron transfer (PET) from the azacrown ether moiety to the diarylethene unit. Upon binding of a metal ion to
the azacrown ether, the PET process was blocked, and the
photoreactivity and fluorescence were significantly enhanced.
Such photoswitchable fluorescent molecules that change their
photoresponsive properties upon recognizing metal ions have the
potential to function as metal-ion chemosensors and molecular
probes in metal-ion-sensitive super-resolution fluorescence
microscopy.

Metal Mg?*
free
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“Deciphering the optical switching mechanism of CdSe/CdS QDs luminescence by diarylethene molecular
photoswitches: A stochastic model analysis” Yamamoto, M.; Morimoto, M.; Irie, M.; Eguchi, D.; Tamai, N. J.
Phys. Chem. C 2024, 128, 19758-19766.

“A visible-light-responsive fluorescent diarylethene having a betaine structure” Nishimura, R.; Kaisho, N.;
Morimoto, M. Chem. Eur. J. 2024, 30, €202403076.

“Reversible change of luster color from pale yellow to wine red in microcrystalline film by photochromic
diarylethene having a naphthyl group” Shiromae, R.; Nakagawa, Y.; Watanabe, S.; Nishimura, R.; Morimoto,
M.; Yokojima, S.; Nakamura, S.; Uchida, K. CrystEngComm 2024, 26, 5090-5098.

“Molecular design of pyrene and its derivatives to make microcrystalline films with silver luster effect using
drop-casting method” Maeda, T.; Nakagawa, Y.; Nishimura, R.; Morimoto, M.; Yokojima, S.; Nakamura, S.;
Uchida, K. Cryst. Growth Des. 2024, 24, 4563-4571.

“Near-infrared two-photon absorption and excited state dynamics of a fluorescent diarylethene derivative”
Sotome, H.; Nagasaka, T.; Konishi, T.; Kamada, K.; Morimoto, M.; Irie, M.; Miyasaka, H. Photochem.
Photobiol. Sci. 2024, 23, 1041-1050.

“Mechanically induced transient fluorescence of photochromic diarylethene crystals for sensing and security
material” Nishimura, R.; Kobayashi, Y.; Sotome, H.; Miyasaka, H.; Morimoto, M. Adv. Opt. Mater. 2024, 12,
2400143.

“Self-assembly of chiral diarylethene microcrystals by the sublimation process to form foliage scroll pattern”
Nishimura, R.; Fujimoto, A.; Kamitanaka, T.; Sugiyama, H.; Sekine, A.; Yasuda, N.; Hattori, Y.; Morimoto, M.;
Mayama, H.; Yokojima, S.; Nakamura, S.; Uchida, K. Cryst. Growth Des. 2024, 24, 2791-2798.

“Straightforward fabrication of double roughness structures on a microcrystalline film of a diarylethene
derivative” Hashimoto, Y.; Hase, A.; Shiromae, R.; Nishimura, R.; Morimoto, M.; Hattori, Y.; Mayama, H.;
Yokojima, S.; Nakamura, S.; Uchida, K. Langmuir 2024, 40, 7661-7668.

“Photoinduced multi-step bending of 7-acetoxy-4-methylcoumarin crystal” Kitagawa, M.; Nakagawa, Y.; Ii, T.;
Nishimura, R.; Morimoto, M.; Kirito, K.; Yokojima, S.; Nakamura, S.; Uchida, K. Cryst. Growth Des. 2024, 24,
913-922.

“A turn-on mode fluorescent diarylethene having an azacrown ether receptor: Metal-ion-gated enhancement of
the photoreactivity and fluorescence” Takaku, S.; Nishimura, R.; Morimoto, M. Dyes Pigm. 2023, 216, 111354,

“Dual-radical-based molecular anisotropy and synergy effect of semi-conductivity and valence tautomerization in
a photoswitchable coordination polymer” Dai, J.-W.; Li, Y.-Q.; Li, Z.-Y.; Zhang, H.-T.; Herrmann, C.; Kumagai,
S.; Damjanovi¢, M.; Enders, M.; Nojiri, H.; Morimoto, M.; Hoshino, N.; Akutagawa, T.; Yamashita, M. Nat. Sci.
Rev. 2023, 10, nwad047.

“Efficient surface peeling, a photoinduced result of photochromic diarylethene crystal by multistep light
irradiation” Nakagawa, Y.; Morimoto, M.; Yokojima, S.; Nakamura, S.; Uchida, K. Cryst. Growth Des. 2023, 23,
1581-1591.

“Diarylethene isomerization by using triplet-triplet annihilation photon upconversion” Larsson, W.; Morimoto,
M.; Irie, M.; Andréasson, J.; Albinsson, B. Chem. Eur. J. 2023, 29, €202203651.

“Multicolor photochromism of two-component diarylethene crystals containing oxidized and unoxidized
benzothiophene groups” Nishimura, R.; Nagakawa, Y.; Morimoto, M. Crystals 2022, 12, 1730.

“Phototunable golden luster microcrystalline film of photochromic diarylethene” Nakagawa, Y.; Nishimura, R.;
Morimoto, M.; Yokojima, S.; Nakamura, S.; Uchida, K. Bull. Chem. Soc. Jpn. 2022, 95, 1438-1444.
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“White light emission generated by two stacking patterns of a single organic molecular crystal” Nakagawa, Y.;
Kinoshita, K.; Kasuno, M.; Nishimura, R.; Morimoto, M.; Yokojima, S.; Hatakeyama, M.; Sakamoto, Y.;
Nakamura, S.; Uchida, K. Mater. Adv. 2022, 3, 6466-6473.

“Turn-on mode fluorescent diarylethene containing neopentyl substituents that undergoes all-visible-light
switching” Nishimura, R.; Fujisawa, E.; Ban, I.; Iwai, R.; Takasu, S.; Morimoto, M.; Irie, M. Chem. Commun.
2022, 58, 4715-4718.

“Photoinduced cytotoxicity of photochromic symmetric diarylethene derivatives: the relation of structure and
cytotoxicity” Nakagawa, Y.; Hishida, T.; Hatano, E.; Sumaru, K.; Morishita, K.; Morimoto, M.; Yokojima, S.;
Nakamura, S.; Uchida, K. Org. Biomol. Chem. 2022, 20, 3211-3217.

“Visualization of the microstructure and the position-dependent diffusion coefficient in a blended polymer solid
using photo-activation localization microscopy combined with single-molecule tracking based on one-color
fluorescence-switching of diarylethene” Ito, S.; Funaoka, M.; Hanasaki, I.; Takei, S.; Morimoto, M.; Irie, M.;
Miyasaka, H. Polym. Chem. 2022, 13, 736-740.
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Formation of Conjugated Polymer Monolayer Networks on Water Surface and Nonlinear Charge Transport

Ishizaki-Betchaku, Y.; Hara, N.; Matsuda, T.; Matsui, J.; Seki, T.; Nagano, S. Adv. Electron. Mater., 10 (11),2400427
1-11) (2024).

Material-networked conduction paths provide nonlinear electronic properties, which are essential components
of computing and physically mimic the brain. In this study, the formation of conjugated polymer monolayer networks
and their nonlinear charge transport is demonstrated. Poly(3-hexylthiophene) (P3HT) monolayer networks doped
with 2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F4TCNQ) is fabricated using the co-spread method with
an amphiphilic liquid crystal molecule at the air—water interface. Atomic force microscopy and Ultraviolet—visible—
near-infrared absorption spectroscopy measurements reveal the network surface morphologies and doped electronic
states. The correlation between the nonlinear electronic characteristics and network structures of the P3SHT/FATCNQ
monolayer networks is further systematically investigated through current—voltage and voltage—time measurements
for various doping levels, network densities, and numbers of transferred layers. The current—voltage characteristics
of the P3HT/FATCNQ monolayer network device with a simple two-terminal structure exhibit nonlinear and ohmic
conduction behavior, which depend
strongly on the network density and
geometric dimension (number of |
transferred layers). It is concluded that &
the nonlinear properties arise from the

HT-PIHT F4TCNQ -

.. . (p-type) (dopant)
limited and unique network of 2D Nodine Perarid
conduction  passes. This study Charge Transport  monolayer

highlights the unique features of |
conducting  polymer  monolayer
networks, paving the way for
neuromorphic  device applications
including conjugated semiconducting
polymer-based material reservoirs with
controllable nanostructures.

Nonlinear] R

Uniform
Voltage monolayer

Ohmic

Current
T

Ultrathin Ionic Diodes with Electrostatically Heterogeneous Hybrid Interfaces of Nanoporous SiO; Nanofilms
and Polymer Layer-by-Layer Multilayers

Ishizaki-Betchaku, Y.; Kumakura, N.; Yamamoto, S.; Nagano, S.; Mitsuishi, M. Small, 20 (40), 2470293 (2024).

Nanofluidic ionic diodes have attracted much attention due to their unique functions as unidirectional ion
transportation ability and promising applications from molecular sensing, and energy harvesting to emerging
neuromorphic devices. However, it remains a challenge to fabricate diode-like nanofluidic systems with ultrathin film
thickness <100 nm. Herein the formation of ultrathin ionic diodes from hybrid nanoassemblies of nanoporous (NP)
Si02 nanofilms and polyelectrolyte layer-by-layer (LbL) multilayers is described. Ultrathin ionic diodes are prepared
by integrating polyelectrolyte multilayers onto photo-oxidized NP SiO; nanofilms obtained from silsesquioxane-
containing block copolymer thin films as a template. The obtained ultrathin ionic diodes exhibit ion current
rectification (ICR) properties with high ICR factor = ~20 under low ionic strength and asymmetric pH conditions. It
is concluded that this ICR behavior arises
from effective ion accumulation and
depletion at the interface of NP SiO»
nanofilms and LbL multilayers attributed to
high ion selectivity by combining the

lon current Finite element method
Theoretical calculation

lon Conc.
High s Low

lon accumulation

experimental data and theoretical 2

calculations using finite element methods. £

These results demonstrate that the hybrid ; NPSIO,  LbL nano
nano assemblies of NP SiO, nanofilms and % TORnY Seveies
polyelectrolyte LbL multilayers have H

potential applications for (bio)sensing § ERRERRE
materials and integrated ionic circuits for T lon Depletion

seamless connection of human-machine
interfaces.

Ultrathin lonic Diodes
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“Interfacial bottom-up fabrication of ultrathin nanoporous films: techniques, characterization and applications,”
Ishizaki-Betchaku, Y.; Yamamoto, S.; Nagano, S; Mitsuishi, M. Jap. J. App. Phys., 64, 030801 (2024). Review

“Reversible photoswitching of proton conduction in hetero-smectic lamellar structures formed by side-chain liquid
crystalline copolymer thin films,” Ishizaki-Betchaku, Y.; Suetsugu, K.; Hara, M.; Nagao, Y.; Matsui, J.; Seki, T.;
Nagano, S. Polym. International. doi:10.1002/pi.6741

“Formation of Conjugated Polymer Monolayer Networks on Water Surface and Nonlinear Charge Transport,” Y.
Ishizaki-Betchaku, Y.; Hara, N.; Matsuda, T.; Matsui, J.; Seki, T.; Nagano, S. Adv. Electron. Mater., 10 (11), 2400427
1-11) (2024).

“Effects of Alkyl Side Chain Length on the Structural Organization and Proton Conductivity of Sulfonated Polyimide
Thin Films,” Honbo, T.; Ono, Y.; Suetsugu, K.; Hara, M.; Taborosi, A.; Aoki, K.; Nagano, S.; Koyama, M.; Nagao,
Y. ACS Appl. Polym. Mater., 6(21), 13217-13227 (2024).

“Crystalline Formation Enhances Hydrogen Evolution Reaction Property of Copper Azaphthalocyanine on Carbon
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Concise syntheses of habiterpenol and 2’°,3’-¢pi-habiterpenol via redox radical cyclization.
Taguchi, H.; Kawaguchi, M.; Nagamitsu, T.*; Ohtawa, M.* Org. Biomol. Chem. 2023, 21, 6129-6133.

Efficient total syntheses of (-)-
habiterpenol and (+)-2,3-epi-
habiterpenol, as  microbial G2
checkpoint inhibitors with potential
anticancer applications, have been
achieved. The synthesis of (-)-
habiterpenol was achieved in 11 steps
from commercially available starting
materials, (3aR)-(+)-sclareolide and 6- 1
methoxyindanone, with a commendable Fra
total yield of 13.8%. A significant
advancement in this approach was the
regioselective coupling of TMS-indene
with the corresponding aldehyde, where the TMS group proved crucial for controlling the regioselectivity of the
reaction and constructing the C3 quaternary stereocenter. Furthermore, the construction of the C ring was
accomplished through a facile metal hydride hydrogen atom transfer (MHAT)-initiated redox radical cyclization of
alkenylsilane under ambient air conditions, leading to the formation of corresponding diketones. This streamlined
methodology offers a more concise route than previous syntheses, facilitating the exploration of various derivatives
for comprehensive structure-activity relationship (SAR) studies and future improvements in drug metabolism and
pharmacokinetics (DMPK).

MHAT-initiated redox radical cyclization of alkenylsilane

Total 11 steps
Total yield 13.8%

(-)-Habiterpenol

Fe(acac), Y i
PhSiHg s R

under air

H
o Total 12 steps
H™ Total yield 8.5%

) 2,3-epi-Habiterpenol

One-pot y-lactonization of homopropargyl alcohols via intramolecular ketene trapping.

Yamane, D.; Tanaka, H.; Hirata, A.; Tamura, Y.; Takahashi, D.; Takahashi, Y.; Nagamitsu, T.*; OQhtawa,
M.* Org. Lett. 2021, 23, 2831-2835.

A novel one-pot y-lactonization method for s
homopropargyl alcohols, achieved through a P o ketene 7
sequence of alkyne deprotonation, boronation, and OH then B(OM OH oy o

q T P . . M il il 98 — o
subsequent oxidation, was described. The key to this g then m-CPBA &t 26 examples
transformation is the in situ generation of a ketene R? R? up to 83% B
intermediate upon oxidation of the alkynyl boronate, prf’ofggfg“w lactones
which is then intramolecularly trapped by the alcohols
adjacent hydroxyl group to form the y-lactone. The - Simple method and cheap reagents

. . .. . + One-pot sequence
developed method is efficient and utilizes readily - Broad substrate generality

available and inexpensive reagents. The researchers

optimized the reaction conditions and investigated the substrate scope, demonstrating its broad applicability with
30 examples and yields up to 93%. This straightforward approach offers a practical synthetic route to y-lactones,
important structural motifs in many natural products and pharmaceuticals. This one-pot strategy's simplicity and
high efficiency make it a valuable addition to synthetic organic chemistry. This paper introduces a highly efficient
one-pot method for synthesizing y-lactones from homopropargyl alcohols. The process involves a deprotonation,
boronation, and oxidation sequence of the terminal alkyne, generating a ketene intermediate intramolecularly
trapped by an adjacent hydroxyl group to form the y-lactone. This method is notable for its simplicity, use of
inexpensive and readily available reagents, and broad substrate generality, with 30 examples demonstrating yields
up to 93%.

Concise asymmetric synthesis of (—)-bilobalide.
Baker, M. A.; Demoret, R. M.; Ohtawa, M.*; Shenvi, R. A.* Nature 2019, 575, 643-647.

Bilobalide is a biologically active terpene trilactone from Ginkgo biloba with neuroprotective effects and
potential to treat cognitive deficits, such as those seen in Down syndrome. However, its structural complexity,
instability, and steric congestion have hindered biological studies and synthetic access. This paper presents a
concise, asymmetric total synthesis of (—)-bilobalide in just 10 steps with high enantioselectivity.
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The synthesis strategy exploits the unique
reactivity  of  bilobalide’s  architecture, 10 steps, catalytic asymmetric (-)-bilobalide
particularly through a late-stage deep . '
oxidation that symmetrizes the molecule’s 4

core. Key steps include an asymmetric
Reformatsky reaction, solvent-controlled
Mukaiyama hydration, and a regio- and
stereoselective alkyne oxidation. A notable
innovation is the formation of an oxetane

inside-out
oxidation

acetal intermediate that controls buried proton buried hydroxyl
stereochemistry and enables the installation commonly ingested plant metabolite, poorly understood mechanism
of a challenging quaternary carbon. « new catalytic asymmetric reaction - radical stereochemical reversal
The final oxidation to install a buried « 'corset effect’ for stereocontrol * oxidation of a deep C-H bond

hydroxyl group at C10 is achieved via

skeletal rearrangement and acidification, overcoming previously insurmountable steric challenges. This new
approach dramatically simplifies synthesis and opens the door for analog development and biological
investigations of bilobalide and related compounds, including ginkgolides.

IL FERRLU X b (2022-20244F )

“Concise syntheses of habiterpenol and 2’,3’-epi-habiterpenol via redox radical cyclization.” Taguchi, H.;
Kawaguchi, M.; Nagamitsu, T.*; Ohtawa, M.* Org. Biomol. Chem. 2023, 21, 6129-6133.

“One-pot y-lactonization of homopropargyl alcohol via intramolecular ketene trapping. —~ Its discovery,
optimization, and application~"" Qhtawa, M.* TCI Mail 2023, 192, 2-10.

“Concise Syntheses of (-)-11-O-Debenzoyltashironin and (—)-Bilobalide” Ohtawa, M.*, Shenvi, R. A. J. Synth.
Org. Chem. Jpn. 2022, 80, 766-777.

“Synthesis and evaluation of habiterpenol analogs.” Konya, M.; Arima, S.; Lee, D.; Ohtawa, M.; Shimoyama, K_;
Fukuda, T.; Uchida, R.; Tomoda, H.; Yamaotsu, N.; Tanaka, N.; Nagamitsu, T.* Chem. Pharm. Bull. 2022, 70,
261-268.

“Comprehensive Studies on the Synthetic Organic Chemistry of Unique Bioactive Natural Products; Total
Synthesis, Drug Discovery, and Development of New Reactions” Ohtawa, M.* Yakugakuzasshi 2022, 142, 1067-
1075.

Masaki Ohtawa
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A Two-Way Membrane-Integrated Microfluidic Device for Evaluation of Anti-Inflammatory Drug through
Immunohistochemical Analysis and Permeability Assay of Keratinocyte Cell Layers

Marika SUGIMOTO, Naoko TAKAHASHI-ANDO, Naoki SASAKI, Talanta Open, 9, 100330 (2024).

Evaluation of anti-inflammatory drug on a two-way membrane-integrated microfluidic device (TMMD) is
presented. Insertion of a porous membrane into a microfluidic device in a vertical direction and attachment of a cover
glass to the lateral side of the microfluidic device enabled us to observe the device from two orthogonal directions.
HaCaT, a human epidermal keratinocyte, was cultured in the TMMD. The localization of ZO-1, a tight junction
protein, between the HaCaT cells was confirmed by immunohistochemical analysis. Permeability of the HaCaT cell
layer increased after stimulation by potassium dichromate, whereas the pretreatment of the HaCaT by dexamethasone
prior to the stimulation kept the permeability unchanged. Deoxynivalenol, an anti-inflammatory drug candidate, kept
the permeability unchanged with lower concentrations compared to dexamethasone. We expect that the present
TMMD is applicable to various anti-inflammatory drug candidates to evaluate their efficacy.
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Fabrication of a T-Shaped Microfluidic Channel Using a Consumer Laser Cutter and Application to

Monodisperse Microdroplet Formation

Naoki SASAKI, Eisuke SUGENAMI Micromachines, 12(2), 160 (2021).

The use of micrometer-sized droplets for chemical
and biochemical analysis has been widely explored.
Photolithography is mainly used to fabricate microfluidic
devices, which is often employed to form monodisperse
microdroplets.  Although photolithography enables
precise microfabrication, it is not readily available to
biochemists because it requires specialized equipment
such as clean room and mask aligners, and expensive
consumables such as photoresist and silicon wafers. In
this study, we fabricated a microfluidic device using a
consumer laser cutter and applied it to droplet formation.
Monodisperse microdroplets were formed by using an oil
phase for droplet digital polymerase chain reaction (PCR)
as the continuous phase and phosphate-buffered saline or
polyethylene glycol solution as the dispersed phase. The
droplet size decreased as the flow rate of the continuous
phase increased and approached a constant value. The
method developed in this study can be used to realize
microdroplet-based biochemical analysis with simple
devices or to construct artificial cells.
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Photolithography-free Vessel-on-a-chip to Simulate Tumor Cell Extravasation
Yuichiro ASAUMI and Naoki SASAKI, Sensors and Materials, 33(1), 241-250 (2021).

A photolithography-free vessel-on-a-chip (VOC)
to simulate tumor cell extravasation is presented. A
microfluidic device integrated with two pieces of porous
membranes was fabricated without  using
photolithography. The directional migration of MDA-
MB-231 cells, a metastatic tumor cell line, was observed
in the presence of a concentration gradient of fetal bovine
serum (FBS). Migration assays toward CXCL12
demonstrated the directional migration of the cells in the
presence of a concentration gradient of chemokines. The
migration was inhibited by pre-incubating the cells with
AMD3100, a known inhibitor. Transendothelial
migration assays with human umbilical vein endothelial
cells cultured on the porous membrane revealed that there
is a delay time prior to the migration of MDA-MB-231
cells through the endothelial cell layer. The present VOC
will be utilized to clarify the mechanism of
transendothelial migration of tumor cells as well as to
screen antimetastatic drug candidates.
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“Microfluidic devices integrated with track-etched porous membranes for cell-based bioanalysis” Naoki SASAKI,
Analytical Sciences, in press.

"Synthesis and characterization of boron-containing biocompatible polymer-coated Gd,O3 nanoparticles for neutron
capture therapy-based theranostics" Yu TAKAI, Ki Chul PARK, Naokazu IDOTA, Naoki SASAKI, Takehiko
TSUKAHARA, Colloids and Surfaces A, 711, 136328 (2025).

"A Two-Way Membrane-Integrated Microfluidic Device for Evaluation of Anti-Inflammatory Drug through
Immunohistochemical Analysis and Permeability Assay of Keratinocyte Cell Layers" Marika SUGIMOTO, Naoko
TAKAHASHI-ANDO, Naoki SASAKI, Talanta Open, 9, 100330 (2024).

“Release of liposomally formulated near-infrared fluorescent probes included in giant cluster vesicles by ultrasound
irradiation” Kota SEO, Yiting ZHANG, Taro TOYOTA, Hideki HAYASHI, Shinnosuke HIRATA, Tadashi
YAMAGUCHI, Kenji YOSHIDA, Ultrasonics, 134, 107102 (2023).

"Bead-Based Padlock Rolling Circle Amplification under Molecular Crowding Conditions: The Effects of Crowder
Charge and Size" Naoki SASAKI, Chikako KASE, Kae SATO, Analytical Sciences, 37(5), 727-732 (2021).

“Fabrication of a T-Shaped Microfluidic Channel Using a Consumer Laser Cutter and Application to Monodisperse
Microdroplet Formation” Naoki SASAKI, Eisuke SUGENAMI, Micromachines, 12(2), 160 (2021).

“Photolithography-free Vessel-on-a-chip to Simulate Tumor Cell Extravasation” Yuichiro ASAUMI, Naoki
SASAKI, Sensors and Materials, 33(1), 241-250 (2021).
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A simple method of forming liposome by using hydrophilic-hydrophobic composite microfluidic devices

Yiting Zhang, Naoki Sasaki

The 28th International Conference on Miniaturized Systems for Chemistry and Life Sciences (WTAS 2024), T506.b,
Montréal, Canada, October 13-17, 2024
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Bidirectional phase transition in aqueous two-phase microdroplets as a model of liquid-liquid phase separation in living cells
Natsuha Fujita, Yiting Zhang, Naoki Sasaki
RSC-JAIMA Symposium on Analytical Chemistry 2024, No. 68, Makuhari Messe, Chiba, Japan, September 5-6, 2024.

Development of a dual-membrane microfluidic device for angiogenesis assays
Haruka Kato, Yiting Zhang, Naoki Sasaki
RSC-JAIMA Symposium on Analytical Chemistry 2024, No. 71, Makuhari Messe, Chiba, Japan, September 5-6, 2024.

Formation of liposomes and controlled release of their contents on microfluidic devices
Maho Hosokawa, Yiting Zhang, Naoki Sasaki
RSC-JAIMA Symposium on Analytical Chemistry 2024, No. 74, Makuhari Messe, Chiba, Japan, September 5-6, 2024.

A microfluidic model to evaluate nanoparticle uptake by tumor cells in the presence of M2 macrophages
Risa Hatsuta, Yiting Zhang, Naoki Sasaki
RSC-JAIMA Symposium on Analytical Chemistry 2024, No. 85, Makuhari Messe, Chiba, Japan, September 5-6, 2024.

Investigation of cell types suitable for the reconstitution of cancer tissue
Mao Taguchi, Yiting Zhang, Naoki Sasaki
RSC-JAIMA Symposium on Analytical Chemistry 2024, No. 86, Makuhari Messe, Chiba, Japan, September 5-6, 2024.
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Electronic interaction between dimethyl carbonate and Li* studied by attenuated total reflectance far-ultraviolet
spectroscopy
H. Sato, N. Ueno* and . Tanabe*, Chem. Commun., 60, 6375 (2024).

Organic electrolytes with Li* were analyzed by far-ultraviolet (<200 nm) spectroscopy, achieved by an attenuated
total reflectance setup. The spectra showed a redshift with Li* addition, attributed to the charge transfer, as revealed
by quantum chemical calculations. Multivariate analysis successfully decomposed the spectra into pure solvent and
Li-coordinated solvent components.
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Improved stability of aluminum surface plasmon resonance sensor by protective gold layer
I. Tanabe*, K. Tanaka, T. Hikida, T. Fujita and N. Ueno, Sens. Actuators A, 375, 115528 (2024).

The surface plasmon resonance (SPR) sensing in the ultraviolet (UV) region, achieved through the optimization of
aluminum (Al) film conditions, has attracted attention due to its heightened energy levels and more plentiful
molecular electronic transitions compared to the visible region. In this research, the stability of the UV-SPR sensor
is improved by applying a protective thin layer of gold (Au) onto the Al film. This reduces spectral alterations
observed when the Al film was uncoated in water pre and post flow system measurements. This exploration presents
the initial experimental confirmation of the reliability of Al-Au bilayer coatings as SPR sensors in the UV region,
highlighting advancements in UV-SPR sensor technology.
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“Shifting surface plasmon resonance wavelength to the far-ultraviolet region with aluminum-based sensors” T.
Fujita, N. Ueno and L. Tanabe*, Spectrochim. Acta, Part A, 331, 125792 (2025).

“Molecular insight into the dynamics at the lithium-containing ionic liquid/gold film electrode interface using
electrochemical attenuated total reflection spectroscopies” T. Kakinoki, A. Imanishi, S. Kondou, I. Tanabe and K.
Fukui*, Phys. Chem. Chem. Phys., 27, 6056-6063 (2025).

“Improved stability of aluminum surface plasmon resonance sensor by protective gold layer” 1. Tanabe*, K.
Tanaka, T. Hikida, T. Fujita and N. Ueno, Sens. Actuators A, 375, 115528 (2024).

“Electronic interaction between dimethyl carbonate and Li+ studied by attenuated total reflectance far-ultraviolet
spectroscopy” H. Sato, N. Ueno* and [. Tanabe*, Chem. Commun., 60, 6375-6378 (2024). [Selected as the
Outside Front Cover of the issue]

“ATR-Far-ultraviolet Spectroscopy in Condensed Phase—Challenge to new o chemistry” Y. Ozakix, Y.
Morisawax and 1. Tanabe*, Chem. Soc. Rev., 53, 1730-1768 (2024). [Review], [Selected as the Outside Front
Cover of the issue]

“Voltammetric and In Situ Spectroscopic Investigations on the Redox Processes of Trioxotriangulene Neutral
Radicals on Graphite Electrodes” S. Kitano, 1. Tanabe, N. Shioya, T. Hasegawa, T. Murata, Y. Morita, R. Tsuji,
and K. Fukui*, Langmuir, 39, 6846-6854 (2023).

“Solvation properties of silver ions in ionic liquids using attenuated total reflectance ultraviolet spectroscopy” M.
Imai, I. Tanabe*, Y. Ozaki and K. Fukui*, J. Mol. Liq., 364, 119998 (2022).

“Local Structures and Dynamics of Interfacial Imidazolium-Based Ionic Liquid depending on the Electrode
Potential using Electrochemical Attenuated Total Reflectance Ultraviolet Spectroscopy” M. Imai, 1. Tanabe*, T.
Sato and K. Fukui*, Spectrochim. Acta, Part A, 273, 121040 (2022).

“Spectroscopic Analysis Focusing on lonic Liquid/Metal Electrode and Organic Semiconductor Interfaces in
Electrochemical Environment” 1. Tanabe*, Phys. Chem. Chem. Phys., 24, 615-623 (2022). [Perspective]
[Selected as the Back Cover of the issue], [Selected as the 2021 PCCP HOT Articles]
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“Electrochemical attenuated total reflectance spectroscopy at solid-liquid interface” I. Tanabe, Encyclopedia of
Solid-Liquid Interfaces (2023).
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Influence of solvation structure variations induced by organic solvent molecular structures and salts on the
electronic states of lithium electrolytes: N. Ueno, S. Kudo, 1. Tanabe, SCiX 2024 (Raleigh, USA), SPSJ-04.1,
October/24/2024 (Invited speaker)

Attenuated Total Reflectance UV-Vis Spectroscopy Applied for Organic Semiconductor Films: I. Tanabe, PRIME
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Water oxidation utilizing a ruthenium complex featuring a phenolic moiety inspired by the oxygen-
evolving centre (OEC) of photosystem II

Y. Kumagai, R. Takabe, T. Nakazono, M. Shoji, H. Isobe, K. Yamaguchi, T. Misawa-Suzuki, H. Nagao, T. Wada,
Sustainable Energy & Fuels 2024, 8, 905-913.

https://doi.org/10.1039/d3se01610b

In this manuscript, we present the synthesis of a ruthenium complex [1]** bearing a phenolic moiety, of which design
draws inspiration from the oxygen-evolving centre (OEC) of photosystem II. In comparison to its analogue,
[Ru(OHa)(bpy)(trpy)]** ([2]*", where bpy = 2,2 '-bipyridine and trpy = 2,2 ':6 ',2 "-terpyridine), which lacks the phenolic
moiety, [1]>* exhibits a 50 mV reduction in onset-overpotential at pH 10, an augmented turnover number (TON = 1900)
and frequency (TOF = 0.54 s*!) for electrochemical water oxidation at pH 9, clearly indicating the promoting influence
of the phenolic moiety on catalytic activity. Electrochemical and electron paramagnetic resonance (EPR) experiments
have elucidated the formation of a Ru™V=0 species with either a phenol cation radical or a phenoxyl radical under
oxidative conditions. Theoretical investigations provided robust support for the water oxidation mechanism, predicated
upon a nucleophilic attack by OH- onto RuV=0, concomitant with electron transfer to the phenol cation radical. This
electron transfer effectively lowers the activation energy associated with the nucleophilic attack of OH- onto Ru'V=0.
A ruthenium complex bearing a phenolic moiety inspired by the OEC of photosystem II exhibits a high catalytic activity
for electrochemical water oxidation, clearly indicating the promoting influence of the phenolic moiety on the catalytic
activity.

The Catalytic Mechanism of a Highly Active Cobalt Chlorin Complex for Photocatalytic Water
Oxidation

T. Nakazono, R. Mitsuda, K. Hashimoto, T. Wada, H. Tamiaki, Y. Yamada, Inorg. Chem. 2024, 63, 24041-24048.
https://doi.org/10.1021/acs.inorgchem.4c04764

Highly active catalysts for electrocatalytic and photocatalytic water oxidation are strongly demanded to realize artificial
photosynthesis. A cobalt complex with a chlorin derivative ligand (Co"Ch) exhibited high activity for electrocatalytic
water oxidation with an overpotential of 0.45 V at pH 9.0. Spectroelectrochemistry (UV-vis) unveiled the formation of
two intermediates by successive one-electron oxidations. Also, the Pourbaix diagram depicted by the pH dependence
of redox potentials indicated that the water oxidation proceeded after the oxidation of both the central cobalt ion and
chlorin ligand with proton-coupled electron transfer (PCET). Then, the photocatalytic activity of Co''Ch was examined
for water oxidation using [Ru(II)(bpy)s]** (bpy: 2,2'-bipyridine) and S;Os> as a photosensitizer and a sacrificial electron
acceptor, respectively. The turnover number, turnover frequency, and oxygen yield reached as high as 980, 5.2 s, and
98%, respectively, under optimized conditions. The O»-evolution rates increased in proportion to the square of the
catalyst concentration in the reaction solution, suggesting that the formation of the O-O bond regarded as the rate-
determining step of water oxidation proceeded by the interaction of two metal centers (I2M) mechanism in which two
molecules of high-valent metal oxo or oxyl radical species react with each other.

Electrochemical hydrogen evolution reaction catalysed by a dinuclear cobalt complex with doubly
N-confused hexaphyrin

R. Takada, T. Nakazono, T. Nishimura, T. Shiga, M. Nihei, Y. Yamada, T. Wada, Sustain. Energy Fuels, 2023, 7, 3603-
3608.

https://doi.org/10.1039/D3SE00403 A

In this study, we discovered the high catalytic activity of a dinuclear cobalt complex, Co,DNCH, supported by a doubly
N-confused hexaphyrin (DNCH), a kind of ring-expanded porphyrin, for the electrochem. hydrogen evolution reaction.
C02DNCH catalyzed electrochem. hydrogen evolution reaction with onset-overpotential # = 0.45 V in water at pH 7.0,
and with # = 0.54 V and turnover frequency TOF = 2.27x10* s! in DMF containing EtsNHCI as a proton source.
Furthermore, electrochem. measurements and d. functional theory calculations elucidated that the large n-conjugated
system of the DNCH ligand enables two-electron reduction centered on DNCH and hydrogen evolution at a relatively
positive potential.

-5 -



II.

II1.

- Rikkyo University
%D H T Department of Chemistry

Photochemical CO:2 Reduction to CO Catalyzed by a Doubly N-Confused Hexaphyrin Dinuclear
Iron Complex

T. Nakazono, D. Sugawara, T. Ito, Y. Yamada, T. Wada, Chem. Lett. 2023, 52, 481-484.
https://doi.org/10.1246/c1.230141

In the quest for efficient catalysts for the CO; reduction reaction, a doubly N-confused hexaphyrin (DNCH) dinuclear
iron complex, [(FeCl),(DNCH)], was found to be catalytically active in the photochemical CO, reduction reaction.
Electrochemical and spectroelectrochemical measurements revealed that the DNCH ligand functions as a redox center
in the CO; reduction reaction.
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“Water oxidation utilizing a ruthenium complex featuring a phenolic moiety inspired by the oxygen-evolving centre
(OEC) of photosystem II”. Y. Kumagai, R. Takabe, T. Nakazono, M. Shoji, H. Isobe, K. Yamaguchi, T. Misawa-Suzuki,
H. Nagao, T. Wada, Sustainable Energy & Fuels 2024, 8, 905-913. https://doi.org/10.1039/d3se01610b

“The Catalytic Mechanism of a Highly Active Cobalt Chlorin Complex for Photocatalytic Water Oxidation”.T.
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https://doi.org/10.1021/acs.inorgchem.4c04764
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2023, 7, 3603-3608. https://doi.org/10.1039/D3SE00403A

“Photochemical CO; Reduction to CO Catalyzed by a Doubly N-Confused Hexaphyrin Dinuclear Iron Complex”. T.
Nakazono, D. Sugawara, T. Ito, Y. Yamada, T. Wada, Chem. Lett. 2023, 52, 481-484. https://doi.org/10.1246/c1.230141

“Proton Relay Effects on Oxygen Reduction Reaction Catalyzed by Dinuclear Cobalt Polypyridyl Complexes with OH
Groups on Bipyridine Ligands” Hiroaki Arima, Takashi Nakazono, Tohru Wada, Bull. Chem.Soc.Jpn 2022, 95, 1100-
1110. https://doi.org/10.1246/bcsj.20220104

“High quantum yield photochemical water oxidation using a water-soluble cobalt phthalocyanine as a homogenous

catalyst” Takashi Nakazono, Nagisa Amino, Risa Matsuda, Daichi Sugawara, Tohru Wada, Chem. Commun. 2022, 58,
7674-7677. https://doi.org/10.1039/D2CC01985J
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Chiral Bipyridine Ligand with Flexible Molecular Recognition Site: Development and Application to
Copper-Catalyzed Asymmetric Borylation of a,p-Unsaturated Ketones

Tsutsumi, R.; Taguchi, R.; Yamanaka, M.* ChemCatChem, 2022, 14, 202101278

We have developed a novel chiral bipyridine ligand bearing a flexible A"

o o Ar
. ) X . . . N R VR N
side chain with a molecular recognition site that enables precise H _«N_(_ N\ ¢ N7/ - >\_ "
H o

N

stereocontrol through the cooperative action of metal center and C+CI o/ w
hydrogen bonds. This new chiral ligand was applied to the copper- 1
catalyzed asymmetric borylation of o,B-unsaturated carbonyl
compounds. The reaction afforded the corresponding borylated products High Stereo- & Chemo-
in good yields with high enantioselectivities. Preliminary studies of the Selectivities
functional group-selective transformation revealed that our newly .
designed chiral bipyridine ligand has the potential to control chemo- and /\)(1 M
site selectivity in addition to stereoselectivity. RITNOR? ‘. B R! R?

2pin2

Multinuclear Zinc Bisamidinate Catalyzed Asymmetric Alkylation of wm-Ketoesters and Its Unique
Chemoselectivity

Yamanaka, M.*; Inaba, M.; Gotoh, R.; Ueki, Y.; Matsui, K. Chem. Commun. 2017, 53, 7513-7516.

The multinuclear Zn-bisamidinate catalyzed

enantioselective addition of EtZn to a- f%rOMe L (10 mol %) HOXI\Et( e P, B:QJ v Y
ketoesters has been developed. The steric R * Epzn ———— R el AN D
° [ ¢ L

- o ; o toluene
tuning of two amidinate units as well as -45°C
multiple coordination on the Zn atoms play a  R=/iPr, c-CsHys, c-CsHo, 0-CrHys, up to 99%,
. . . . . o . - 0,
key role in achieving high enantioselectivity Ph, o-MeOCeH,, o-MeSCeHy, ete. S8%ee | 15 model O
0 . .
(up to 98% ee) and unique chemoselectivity. o} HO Et

The present catalyst exhibited the preferential

alkylation of a-ketoesters even in the presence
of aldehydes. H

L (10 mol %)
Et,Zn (2.0 eq,

o toluene, 45°C o 67%, 48% ee O

I

ORCID: 0000-0001-7978-620X
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