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Preface

This annual review provides a summary of the research activity of Molecular Photoscience Research
Center for the 2024 academic year. We are further promoting advanced research and international
collaboration on molecular photoscience and related topics. Any constructive comments and questions,
and any suggestion for collaboration research are welcome.

Since 2017 we have been running joint usage/research project on molecular science in the terahertz
frequency region, which is open to domestic universities and research institutes. In this year 30 joint
research projects were accepted, and the research area spans from solid state physics, biophysics, solution
chemistry, polymer science, photochemistry, theoretical physics and chemistry, so on. The research center

will continue to make efforts to push forward international and domestic collaborative research.

April, 2025
Keisuke Tominaga
Director of Molecular Photoscience Research Center,

Kobe University
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Research Activity

I. Laser Molecular Photoscience Laboratory
I-A. SPIN INTERACTIONS STUDIED BY TIME RESOLVED MAGNETIC RESONANCE
SPECTROSCOPY

In the natural photosynthesis, the organic solar cells and the photocatalysis, transient radical species or carriers

are immediately generated by the light-induced chemical reactions for the photo-energy conversion, providing

essential sources of the living energies. However, it has been unclear how those transient molecules are initially

interacting each other before the carrier-conductions or charge-dissociation take place. In our group, we are

developing experimental methodologies to determine molecular positions, orbital orientations and orbital

overlap (electronic coupling) in the initially generated radical-pairs, multiexcitons, and electron-hole pairs in

the photoactive proteins, in the solar cells, and in the photocatalysis on the basis of the transient electron

paramagnetic resonance (EPR) method. We have clarified several fundamental mechanisms of the energy-

conversions in semiconductor nanoparticles, singlet-fission materials and in the polymer systems.

Anisotropic activations controlling doublet—
quartet spin conversion of linked chromophore-
radical molecular qubits in fluid

Y. Kobori, Y. Kokado, K. Koppl, T. Okamoto, M.
Fuki

"University of Bonn

(J. Chem. Phys., 2025)

Light-energy =~ conversion  processes  causing
alternations in spin multiplicity are attracting attention,
but the development of quantum sensing technology
applicable to fluid environment such as inside cells has
been unexploited. How to achieve efficient energy
conversion with controlling spin quantum coherence

in a noisy condensed system is challenging. In this

Macrocyclic Parallel Dimer Showing Quantum
Coherence of Quintet Multiexcitons at Room
Temperature

W. Ishii !, M. Fuki, E. M. Bu. Ali !, S. Sato!, B.
Parmar’, A. Yamauchi', C. Helenna, Mulyadi', M.

study, we investigate the effect of molecular motion on

electron spin polarization to control quantum
information of three-spin qubits in a fluid environment
by using steric effects of organic molecules at room
temperature. Using time-resolved electron
paramagnetic resonance to observe light-induced
generation and transfer of quantum entanglement, we
directly observed a photoexcited quartet state
generated in a radical-chromophore coupled system
and clarified details of the electron spin polarization
mechanism including a decoherence effect by
activation of anisotropic molecular motion by the

steric effects.

Uji!, S. M. Rivero®, G. Watanabe®, J. Clark?, Y.
Kobori, N. Yanai!

'Kyushu University

The University of Sheffield

3Kitasato University,

(J. Am. Chem. Soc., 2024)



Singlet fission (SF) is a promising approach in
quantum information science because it can generate
spin-entangled quintet triplet pairs by photoexcitation
independent of temperature. However, it is still
challenging to rationally achieve quantum coherence
at room temperature, which requires precise control of
the orientation and dynamics of triplet pairs. Here we
show that the quantum coherence of quintet
multiexcitons can be achieved at room temperature by

arranging two pentacene chromophores in parallel and

in close proximity within a macrocycle. By making

Nonfullerene Acceptors Bearing Spiro-Substituted
Bithiophene Units in Organic Solar Cells: Tuning
the Frontier Molecular Orbital Distribution to
Reduce Exciton Binding Energy

K. Wang', S. Jinnai', T. Urakami', H. Sato’, M.
Higashi’, S. Tsujimura, Y. Kobori, R. Adachi’, A.
Yamakata®, Y. Ie!

!0saka University

2Kyoto University

3Okayama University

(Angew. Chem. Int. Ed. 2024)

The development of nonfullerene acceptors (NFAs),
represented by ITIC, has contributed to improving the
power conversion efficiency (PCE) of organic solar
cells (OSCs). Although tuning the electronic structures
to reduce the exciton binding energy (Eb) is considered
to promote photocharge generation, a rational
molecular design for NFAs has not been established.
In this study, we designed and developed two ITIC-
based NFAs bearing spiro-substituted bithiophene or
biphenyl units (named SpiroT-DCI and SpiroF-DCI)

dynamic covalent Schiff-base bonds between

aldehyde-modified

macrocyclic parallel

pentacene derivatives,
dimer-1 (MPD-1) can be
selectively synthesized in a high yield. MPD-
1 exhibits fast subpicosecond SF in polystyrene film
and generates spin-polarized quintet multiexcitons.
Furthermore, the coherence time 7> of the MPD-
1 quintet is as long as 648 ns, even at room
temperature. This macrocyclic parallel dimer strategy
opens up new possibilities for future quantum

applications using molecular multilevel qubits.

to tune the frontier molecular orbital (FMO)
distribution of NFAs. While the highest occupied
molecular orbitals (HOMOs) of SpiroF-

DCI and ITIC are delocalized
conjugated framework, the HOMO of SpiroT-DCI is

in the main -

distributed on the bithiophene unit. Reflecting this
difference, SpiroT-DCI exhibits a
either SpiroF-DCI or ITIC,

smaller E}, than
and exhibits greater
external quantum efficiency in single-component
OSCs.
PCEs for bulk-heterojunction OSCs with a donor of
PBDB-T,

DCI or ITIC.

Furthermore, SpiroT-DCI shows improved
compared with that of either SpiroT-
Time-resolved

the

spectroscopy

measurements  show  that photo-induced
intermolecular charge separation is effective even in
pristine SpiroT-DCI films. This study highlights the
introduction of spiro-substituted bithiophene units that
are effective in tuning the FMOs of ITIC, which is
desirable for reducing the £}, and improving the PCE

in OSCs.



Boosting charge separation in  organic
photovoltaics: unveiling dipole moment variations
in excited non-fullerene acceptor layers

A. Yamakata!, K. Kato!, T. Urakami?, S. Tsujimura,
K. Murayama, M. Higashi3, H. Sato?, Y. Kobori, T.
Umeyama3, H. Imahori?

!Okayama University

2Kyoto University

3Nagoya University

(Chem. Sci., 2024)

The power conversion efficiency (PCE) of organic
photovoltaics (OPVs) has reached more than 19% due
to the rapid development of non-fullerene acceptors
(NFAs). To compete with the PCEs (26%) of
commercialized silicon-based inorganic photovoltaics,
the drawback of OPVs should be minimized. This
drawback is the intrinsic large loss of open-circuit
voltage; however, a general approach to this issue
remains elusive. Here, we report a discovery regarding
highly efficient NFAs, specifically ITIC. We found
that charge-transfer (CT) and charge dissociation (CD)
can occur even in a neat ITIC film without the donor
layer. This is surprising, as these processes were

previously believed to take place exclusively at

Visible-light-induced direct C-H alkylation of

polycyclic aromatic hydrocarbons with
alkylsulfones

M. Ohtsuka', K. Ghosh', J. C.-H. Yim', H. Sotome?,
T. Okamoto, K. Suda’, Y. Kobori, D. Yokogawa®, H.
Miyasaka®, C. M. Crudden', M. Nambo'

"Nagoya University

2Osaka University

3The University of Tokyo

(Chem. Sci., 2024)

donor/acceptor heterojunctions. Femtosecond time-
to mid-infrared measurements

ITIC

resolved visible

that in the neat the

CT

revealed layers,

intermolecular immediately proceeds after
photoirradiation (<0.1 ps) to form weakly-bound
excitons with a binding energy of 0.3 eV, which are
further dissociated into free electrons and holes with a
time-constant of 56 ps. Theoretical calculations
indicate that stacking faults in ITIC (i.e., V-type
molecular stacking) induce instantaneous
intermolecular CT and CD in the neat ITIC layer. In
contrast, J-type stacking does not support such CT and
CD. This previously unknown pathway is triggered by
the larger dipole moment change on the excited state
generated at the lower symmetric V-type molecular
stacking of ITIC. This is in sharp contrast with the
need of sufficient energy offset for CT and CD at the
donor—acceptor heterojunction, leading to the
significant voltage loss in conventional OPVs. These
results demonstrate that the rational molecular design
of NFAs can increase the local dipole moment change
on the excited state within the NFA layer. This finding
paves the way for a groundbreaking route toward the

commercialization of OPVs.

aromatic hydrocarbons (PAHs) are

fragments of graphene that have attracted considerable

Polycyclic

attention as a new class of carbon-based materials. The
functionalization of edge positions in PAHs is
important to enable the modulation of physical and
chemical properties essential for various applications.
However, straightforward methods that combine
functional group tolerance and regioselectivity remain
sought after. Here we report a photochemical approach
for the direct alkylation of carbon—hydrogen bonds in

PAHs that takes place in a regiospecific manner, an



outcome that has never been achieved in related
thermal reactions. A reaction mechanism involving a

single electron transfer process from photo-excited

End-to-End Bent Perylene Bisimide Cyclophanes
by Double Sulfur Extrusion

Y. Tanaka!, K. Tajima', R. Kusumoto, Y. Kobori,
N. Fukui' H. Shinokubo'

"Nagoya University

(J. Am. Chem. Soc., 2024)

Bending inherently planar m-cores consisting of only
six-membered rings has traditionally been challenging
because a powerful transformation is required to
compensate for the significant strain energy associated
with bending. Herein, we demonstrate that sulfur
extrusion can achieve substantial molecular bending
of a perylene structure to form a substructure of a
Vogtle belt, a proposed yet hitherto elusive carbon
nanotube fragment. Bent perylene bisimide (PBI)
derivatives were synthesized through a double-sulfur-
extrusion reaction from the corresponding sulfur-

containing V-shaped precursors with an internal alkyl

PAHs to sulfones, and a rationale for the origin of
regioselectivity are proposed on the basis of

spectroscopic analyses and theoretical calculations.

tether. The effect of bending the inherently planar PBI
core, which is a recent topic of interest for the design
of advanced organic electronic and optoelectronic
materials, was investigated systematically. Increasing
the curvature leads to a red shift in the absorption and
emission spectra, while the fluorescence quantum
yields remain high. This stands in contrast with the
nonemissive features of previously reported nonplanar
PBI derivatives based on conjugative tethers. Detailed
photophysical measurements indicated that the
increasing curvature with shorter alkyl tethers (i)
slightly facilitates intersystem crossing and (ii)
significantly suppresses the internal conversion in the
excited state of the present bent PBI derivatives. The
latter characteristics originate from the restricted
dynamic motion associated with the charge-transfer
(CT) character between the core chromophores and the

N-aryl units.

I-B. SINGLE-MOLECULE STUDIES ON PHOTO-ENERGY CONVERSION PROCESSES

To design a more efficient solar energy conversion system (light energy to electrical or chemical energy), it is

important to reveal and understand the mechanisms of various chemical reactions at heterogeneous interfaces.

We have investigated the photochemical and photophysical processes occurring on a variety of light energy

conversion systems such as photocatalysis and solar cells using advanced single-molecule, single-particle

spectroscopy techniques and gain new insights related to spatial and temporal heterogeneities in reactions and

structures, which are always masked by ensemble averaging.



Unassisted self-healing photocatalysts based on Le
Chatelier’s principle

Yoshitaka Kumabe, Takashi Tachikawa
(Communications Chemistry, 2025)
Organic—inorganic perovskites are promising light-
harvesting and light-emitting materials for solar cells,
LEDs, and lasers due to their many favorable optical
properties, such as strong visible-light absorption.
However, they also have drawbacks—for instance,
their stability is generally poor, particularly under
humid conditions. Recently, it has been demonstrated
that perovskites can stably exist in aqueous solutions
when the solution is saturated and a dynamic
equilibrium is established between solid-state
perovskites and their dissolved species. Under these
conditions, perovskites can function as hydrogen-
producing  photocatalysts  under  visible-light
irradiation. Despite this potential, a fundamental
understanding of these reaction systems remains

limited, as there have been few reports on the in situ

observation of perovskites under dynamic equilibrium.

In this study, we investigated their structural stability
using single-particle spectroscopy. For the single-
particle
CH3NH;3PbBrklz—x (0 < x < 3) microcrystals and

experiments, we synthesized

prepared their corresponding saturated aqueous
solutions. Each sample was dispersed onto a cleaned
cover glass, irradiated with a 405 nm continuous-wave
laser as the excitation source, and monitored via
photoluminescence and transmission imaging to
visualize morphological changes. Upon
photoirradiation, the morphology of the single-halide
CHsNH;PbBr3 CHsNH;PbIs,
remained unchanged. In contrast, the mixed-halide

CH3NH3PbBr2 slo.2

perovskites, and

perovskite was significantly
damaged, showing drastic morphological changes. To

investigate the cause of this selective degradation, we

performed simultaneous color and transmission
imaging. Initially, the perovskite crystals exhibited
weak green photoluminescence. As the laser
irradiation time increased, red photoluminescence
emerged throughout the crystal, and eventually the
crystal structure degraded. Photoluminescence spectra
revealed that the green and red emissions
corresponded to ~560 nm and ~700 nm, respectively.
This spectral shift is consistent with light-induced
halide phase segregation. Upon photoexcitation,
mixed-halide perovskites are known to form bromide-
rich and iodide-rich domains. Given the band structure
of perovskites, photogenerated charge carriers tend to
migrate anisotropically to iodide-rich domains, which
have a narrower bandgap. The accumulation of excess
charge carriers in these domains likely causes the
observed structural degradation and morphological
changes. or single-halide perovskites, their original
morphology was retained under 405-nm laser
irradiation. Analysis of the damaged samples revealed
that the reduction of perovskites induced crystal
degradation reactions. Interestingly, once
photoirradiation was stopped, the damaged structures
spontaneously recovered, returning to their original
state. These results demonstrate that a self-healing
mechanism, governed by Le Chatelier’s principle, is at
play. Moreover, we found that perovskites are capable
of producing hydrogen even in their damaged state.
Our findings contribute to the development of novel

self-healing materials for photocatalytic applications.
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Self-healing

Light

Development of efficient light energy conversion
systems based on single-particle reaction analysis
Takashi Tachikawa

(The Japanese Photochemistry Association Award
2024 Lecture, Invited)

Single-molecule or single-particle reaction analysis
helps to obtain nanoscopic information often hidden in
ensemble-averaged measurements, leading to a deeper
understanding of structural changes and reaction
mechanisms. Recently, we have developed single-
molecule fluorescence microscope systems to
investigate structural and functional changes induced
by various types of external stimuli. By monitoring
emission behaviors in real time, we can capture
elementary steps, such as structural transitions, that are
masked in bulk samples. The chemical reactions
occurring at the surface of an isolated solid
photocatalyst have been found to be intrinsically
heterogeneous and closely related to many factors,
such as the structural dispersion of the particles and
the spatial distribution of reactive sites. So far, our
group has

developed single-molecule (particle)

approaches for studying the photocatalytic reactions

Figure 1. (a) Optical transmission images under
dynamic equilibrium conditions. The scale bars are 10
pum. (b) Schematic illustration of degradation and self-
healing reactions in aqueous solution under dynamic
equilibrium. The self-healing reaction occurs
spontaneously once the perovskites are damaged, and

this cycle can continue repeatedly.

on individual catalyst particles under an optical
microscope.l For instance, fluorogenic probes were
employed to reveal the spatial distribution of reactive
sites over a TiO, crystal. Recently, we extended
nanoparticle systems to superstructured systems, i.e.,
mesocrystals. Owing to their organized structures, the
mesocrystals have unique characteristics such as a
high surface area, pore accessibility, and good
electronic conductivity. We discovered that the
synergy between directional electron flow along the
internal nanoparticle network and efficient collection
at specific sites produces remarkably long-lived

charges, enhancing photocatalysis.

nght [
charge transfer

Mesopore / /\)

’ *—,’ Enhanced

photocatalysis

Single-molecule (particle)
reaction analysis
{1013

|{001}
%,

B

Nanoparticle
superstructure
(Mesocrystal)

Figure 1. Single-molecule (particle) reaction analysis

for development of efficient photocatalysts.
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Unravelling the Influence of Major Seawater Salt
Ions on the Photogenerated Charge Carriers in a
Sr-Doped NaTaOs; Photocatalyst via ATR-FTIR
Yi-Hao Chew,! Naoki Saijo,! Yoshitaka Kumabe,
Takashi Tachikawa, Hiroshi Onishi!

'Kobe University

(The Journal of Physical Chemistry C, 2025)

This study represents a significant step toward
advancing photocatalytic water splitting in seawater,
with implications for future sustainable energy
production. Using attenuated total reflectance IR
spectroscopy, the decay kinetics of photoexcited
electrons in Sr-doped NaTaO; (Sr-NTO) were
investigated in the presence of salt ions commonly

found in seawater. Among the anions studied, C1~ was

found to suppress electron decay by acting as a hole

scavenger, thereby reducing electron—hole
recombination. In contrast, SO4>~ showed no notable
effect. Regarding cations, both Mg?" and Ca®'
accelerated electron decay, with Mg®>" having the
strongest impact. This behavior is attributed to the
adsorption of these divalent cations onto the
photocatalyst surface, forming an ionic barrier that
hinders hole migration to the surface. As a result, holes
accumulate within the photocatalyst and promote
recombination with electrons. The greater effect of
Mg?* compared to Ca®" is explained by its smaller
ionic radius and higher charge density, which enhance

its surface adsorption tendency.

I-C. HIGH-RESOLUTION SPECTOSCOPY OF POLIATOMIC MOLECULES

Doppler-free high-resolution spectroscopy is a powerful tool for studying the structure and dynamics of

excited polyatomic molecules in detail and unambiguously. Single-mode auto-scan laser system for the UV-

Visible-NIR region, absolute wavenumber measurement system, and Doppler-free high-resolution
spectroscopic measurement systems have been constructed to investigate the excited molecules. High-
resolution and high-precision measurement of spectral lines enables to observe rotationally-resolved electronic
transition, then it is expected to find the excited state dynamics such as internal conversion (IC), intersystem

crossing (ISC), and intramolecular vibrational redistribution (IVR) through the deviations of spectral line

positions, intensity anomalies, and the changes of spectral linewidth.

Optical frequency synthesizer for wide range
frequency scan and its application to high-
resolution molecular spectroscopy

Masatoshi Misono', Shunji Kasahara, Akiko
NishimiyaZ?, and Masaaki Baba

"Department of Applied Physics, Fukuoka University,
Research Institute for Physical Measurement, AIST

(J. Opt. Soc. Am. B. 2024)

In high-resolution molecular spectroscopy, detailed
structures and dynamics appear as frequency shifts,
line broadening, intensity anomalies, and Zeeman
effects. To observe these minute effects, the relative
uncertainty of the frequencies should be less than 107,
However, to comprehensively analyze the rovibronic
energy-level structure and dynamics in a single
vibronic excited state, the spectrum over the entire

single vibronic band, which extends to hundreds of

12



GHz, must be measured. We developed an optical
frequency synthesizer (OFS) employing a scanning
single-mode Ti:Sapphire laser and an Er comb to
satisfy these contradictory demands. The continuous
scanning range was not limited in the developed OFS,
and wide-range spectra extending across the entire
scanning range of the single-mode laser in the OFS
were obtained. For a detailed examination of the
developed OFS, we measured the D2 transition of Rb

atoms. Although continuous scanning generally has an

The study of frans-stilbene S; < Sy transition by
high-resolution Laser spectroscopy

Akira Shimizu, Shunji Kasahara, Masaaki Baba,
Naofumi Nakayama'

!Conflex Corporation

(39th SCKD)

We have great interest in the excited-state dynamics of
trans-stilbene such as cis-trans isomerization in the
electronically excited state. Zewail et al. reported the
results of time-resolved spectroscopy and the
suggestion of a nonplanar structure in the ground Sop
state. In contrast, Pratt et al. concluded that the
molecule is essentially planar both in the Sy and S;
states by analyzing the high-resolution spectrum of the
S1<So 0% band. The purpose of this study is to
understand the molecular structure and the dynamics
in the electronic excited state. For this purpose, we
observed high-resolution fluorescence excitation
spectra of the 0% band and several vibronic bands in
the S;«—Sy transition of trans-stilbene by crossing a
single-mode UV laser beam perpendicular to a
molecular beam. From the comparison between the

observed and simulated spectra by the PGOPHER

program, we determined rotational constants and

adverse effect on precise frequency determination, the
obtained transition frequencies agreed with those
obtained in previous studies, where laser frequencies
were locked to a specific transition for a long time. To
demonstrate the power of the developed OFS in
molecular spectroscopy, the rovibronic spectrum of
1,2-benzanthracene was observed over a single band.
We successfully obtained spectra in which the

rotational lines were well-resolved.

estimated that the rotational temperature was 12 K and
the line width was 75 MHz. However, it is impossible
to determine the absolute value of rotational constant
A because the 0% band is the a-type band. We found
that the Sy structure is not planar from the obtained
rotational constants and inertial defect. Additionally,
in the Sy state, we estimated that phenyl rings are
rotated approximately +9 degrees by comparing the
observed moment of inertia and the moment of inertia
calculated as a function of rotation angles. From the
theoretical calculation using WB97XD functional
provided the phenyl ring is rotated 14 degrees in So
and 2.4 degrees in S; state. This result seemed to
support the nonplanar structure revealed by observed
rotational constants. High-resolution fluorescence
excitation spectra were also successfully observed for
the 0%+395 cm™ band and the 0%+788 cm™ band.
These observed bands were a-type transition and these
line widths were almost the same as the ones of the 0%
band. In the simulation of two bands, the rotational
constants of the Sy state were fixed to ones of the 0%
band, and changing only in the S; state, we determined

the rotational constants of the S; state.
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High-resolution Laser spectroscopy of Si-Sp
electronic transition of carbazole

Shota Ooiwamoto, Shoya Ueda, Shinji Kuroda,
Shunji Kasahara

(39th SCKD)

We observed and analyzed the high-resolution
fluorescence excitation spectrum of the S;-Sp
transition of carbazole. Carbazole, heated to 180°C to
vaporize, was jetted into a vacuum chamber with a
pulse nozzle and passed through a skimmer to obtain
molecular beam. By crossing the molecular beam with
a single-mode UV laser perpendicularly, Sub-Doppler
fluorescence excitation spectra were obtained. We

observed the 0% band, the 0°%+210 cm™ band and the

0%+1122 cm™ band in the S1-Sy transition of carbazole.

In the past, the 0% band, the 0°%+210 cm™! band and the
0%+511 cm band were reported by Yi et al. The

observed high-resolution spectrum of the 0% band was

The analysis of S;-S¢ electronic transitions in
by
spectroscopy; perturbation analysis in 204 cm!
band

Luke Minik, Shinji Kuroda, and Shunji Kasahara
(39th SCKD)

The fluorene molecule is an aromatic compound

Fluorene using  high-resolution laser

which has strong absorption in the near UV region.
Several vibronic bands of S;«—Sy transitions, including
the 0% band, have been reported by Yi et al. They
mentioned that it was difficult to assign the observed
spectrum in the 0%+204 cm™! band. In this study, we
have measured the rotationally -resolved fluorescence
excitation spectra of several vibronic bands of the
fluorene S;«S¢ transition by high-resolution laser
spectroscopy to find out the anomaly of spectra in the

0%+204 cm™ band. The gas mixture of vaporized

located around 30808 cm™, and it is found to be a b-
type transition from the spectral pattern. The typical
observed line width is 0.001 cm™!. The asymmetric top
rotational analysis was done by using the Pgopher
Program. As a result, more than 2100 spectral lines for
K.~0-20, J=0-50 were assigned and the molecular
constants of the ground and excited states were
determined including the higher order terms due to
centrifugal distortion. The rotational temperature was
estimated to be 15 K. We also observed for the
vibrational band of 210 cm™ higher than the 0% band
(0%+210 cm™). About 1000 spectral lines for K,=0-12,
J=0-43 were assigned and determined the molecular
constants including the higher-order terms. No
anomalous rotational lines were found in either band.
We are now analyzing on the 0%+1122 cm™ band,
where energy shift is expected due to the perturbation

with other vibronic levels.

Fluorene powder and Ar gas was jetted into the
vacuum chamber, and passed through a skimmer to
obtain molecular beam. Then it was crossed with the
single-mode UV laser light at right angle to obtain a
high-resolution fluorescence excitation spectrum,
which Doppler width is significantly suppressed.
High-resolution fluorescence excitation spectra were
successfully measured for the 0% band and the 0°.
0+204 cm! band. The spectra were analyzed by
comparing the measured and simulated spectra by
using the spectral simulation program Pgopher. First,
we analyzed the 0% band. We succeeded to assign
more than 3300 transitions and determined the
rotational constants. In conclusion, within the
observed range, the energy levels were successfully

simulated using only the rotational constant A, B, and

14



C, without any centrifugal constants. Next, the 0°.
0+204 cm’! band was analyzed in the same way, but
unlike the 0% band analysis, there were some regions
where the calculated and observed spectra did not
match. We examined the spectra one by one and
succeeded in assigning the spectra only for K,=0. We

found that the spectrum shows an anomaly due to an

energy shift centered at J'=21 caused by the interaction
between the two vibronic levels. We are currently
attempting to analyze the observed spectrum by
performing spectral simulations that include these

interactions.

I-D. HIGH-RESOLUTION SPECTROSCOPY OF NO; RADICAL

Nitrogen dioxide NO, and nitrate radical NO3 have been known as an important intermediate in chemical

reaction in the atmosphere. These radicals are the prototype molecules to understand vibronic interaction as

followings; the Renner-Teller effect for NO,, and the Jahn-Teller (JT) and pseudo Jahn-Teller (PJT) effects for

NOs. Optically allowed transitions have been observed as strong absorption and LIF excitation spectra by

several research groups. For NO, radical, fine splitting and hyperfine splitting were observed in the high-

resolution spectrum, and the magnitude of the hyperfine interaction constants suggests the state mixing between

the electronic excited state and the ground state through the vibronic interaction. Recently, we found the

anomalies of the hyperfine splitting around 16200 cm™!, which suggested to the interaction with the dark C 2A;

state in this energy region.

High-Resolution Laser Spectroscopy of A-X
Transition of NOz: Anomalies in the 16218 cm-
! band
Shunji Kasahara, Sakura Torao, Honoka
Minamide, Takumi Yoshizawa, and Kohei Tada!
!Graduate School of Engineering, Kyoto University
(39th SCKD)

The nitrogen dioxide (NO,) is one of the important
stable free radicals to investigate the intra-molecular
interactions of polyatomic molecules. The optically
allowed A’B,«X?A; electronic transition has been
observed as absorption and LIF excitation spectra by
many groups. Several previous studies examined the
hyperfine structures of N=1 levels of the excited
electronic A states, and reported that the hyperfine

interaction constants correlated with the state mixing

of the X and A states. In our group, we have observed
the hyperfine-resolved high -resolution fluorescence
excitation spectra of the A«X electronic transition of
NO; radical in 14500-16800 cm™ energy region for
the “Ro(0) lines (k=0, N=1<-0 transition). The
determined Fermi contact interaction constants shows
a sharp decreasing in 16200-16600 cm™! region, and it
may be caused by the interaction with the other
electronic state. In this work, we have observed the
hyperfine-resolved rotational structure for 16218 cm’!
band to find the perturbations. Sub-Doppler
fluorescence excitation spectra were measured by
crossing a single-mode laser beam perpendicular to a
collimated molecular beam. The typical observed
linewidth was 25 MHz which is the residual Doppler

width and the absolute wavenumber was calibrated
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with accuracy 0.0001 cm™. The rotational lines
observed as doublet structure from the fine splitting
(F1/F2 components) and each F1/F2 components are
splitted into hyperfine lines. The unambiguously
rotational assignment for K’=0 lines were performed
by the
differences. The hyperfine splitting of 15884 cm-!

employing ground state combination

band reported in our previous paper were also used to

confirm the assignment. As a result, several anomalies
were found in the upper state of 16218 cm™ band
besides that were reported the anomaly of the Fermi
contact interaction constants found in the hyperfine
splitting of ?Ry(0) line. The observed anomalies may
be caused by the interaction with the dark C %A, state

which expected more than 16200 cm™! energy region.

I-E. TIME-RESOLVED MEASUREMENTS FOR BIOMOLECULAR SYSTEMS

Comprehensive understandings in structural and functional dynamics of proteins are crucial to reveal their

molecular mechanism. Protein structures have been determined in atomic resolution by x-ray crystallography,

NMR, and cyro-EM, and their functions have been evaluated mainly by biochemical or molecular biological

techniques. Although these combinational uses have been succeeded to capture the snapshot of the dynamics,

shooting molecular movies along the reaction-axis, real-time observation of the changes in molecular structure

and chemical properties, has been realized by the development of the novel time-resolved techniques using

microfluidic mixers and free electron x-ray laser for solution mixing and pump-probe measurements.

I-F. HIGH-RESOLUTION LASER SPECTROSCOPY OF ULTRACOLD MOLECULES

High-resolution laser spectroscopy is very powerful to elucidate molecular structure and excited-state

dynamics. We succeeded to observe the rotationally resolved high-resolution spectra of electronic transitions

of typical diatomic and polyatomic molecules and accurately determine the molecular constants of electronic,

vibrational, and rotational energy levels.

In order to obtain the high-resolution spectrum with high quality, it is essential to generate ultracold

molecules. We employed the methods of supersonic jet and buffer-gas cooling combined with single-mode

ring dye laser.

High-resolution electronic spectroscopy of buffer-
gas-cooled metal-phthalocyanines

Yuki Miyamoto!, Masaaki Baba?3, Katsunari
Enomoto*, Ayumi Hiramoto!, Kana Iwakuni’, and
Susumu Kuma®

'Research Institute for Interdisciplinary Science,

Okayama University

Molecular Photoscience Research Center, Kobe
University

3Division of Chemistry, Graduate School of Science,
Kyoto University

“Department of Physics, Faculty of Science, Toyama

University
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SInstitute for Laser Science, University of Electro-
Communications

®Atomic, Molecular and Optical Physics Laboratory,
RIKEN

(Low Temperaturel Physics, 2024)

High-resolution absorption spectra of the S; «<— So 0o°
transition  of

buffer-gas-cooled  magnesium-

phthalocyanine, zinc-phthalocyanine, and

chloroaluminum-phthalocyanine are presented. The

Optical frequency synthesizer for wide-range
frequency scan and its application to high-
resolution molecular spectroscopy

Masatoshi Misono!, Shunji Kasahara?, Akiko
Nishiyama3, and Masaaki Baba?*

"Department of Applied Physics, Fukuoka University
Molecular Photoscience Research Center, Kobe
University

3Research Institute for Physical Measurement, AIST
“Department of Chemistry, Kyoto University
(Journal of Optical Society of America B, 2024)

In high-resolution molecular spectroscopy, detailed
structures and dynamics appear as frequency shifts,
line broadening, intensity anomalies, and Zeeman
effects. To observe these minute effects, the relative
uncertainty of the frequencies should be less than 107,
However, to comprehensively analyze the rovibronic
energy-level structure and dynamics in a single
vibronic excited state, the spectrum over the entire

single vibronic band, which extends to hundreds of

low temperature achieved through buffer gas cooling
allowed the observation of a partially resolved
rotational structure in each spectrum. We compare
these structures with the previously observed high-
resolution spectrum of free-base phthalocyanine.
Despite the similar molecular structures of these
molecules, the spectral characteristics of the rotational
envelope vary depending on the individual molecular

structures.

GHz, must be measured.We developed an optical
frequency synthesizer (OFS) employing a scanning
single-mode Ti:Sapphire laser and an Er comb to
satisfy these contradictory demands. The continuous
scanning range was not limited in the developed OFS,
and wide-range spectra extending across the entire
scanning range of the single-mode laser in the OFS
were obtained. For a detailed examination of the
developed OFS, we measured the D, transition of Rb
atoms. Although continuous scanning generally has an
adverse effect on precise frequency determination, the
obtained transition frequencies agreed with those
obtained in previous studies, where laser frequencies
were locked to a specific transition for a long time. To
demonstrate the power of the developed OFS in
molecular spectroscopy, the rovibronic spectrum of
1,2-benzanthracene was observed over a single band.
We successfully obtained spectra in which the

rotational lines were well-resolved.

I-G. HIGH RESOLUTION LASER SPECTROSCOPY OF MOLECULAR IONS AND HIGHLY
CHARGED ATOMIC ICONS

Atomic and molecular ions are playing important roles in astrochemistry and chemical reaction in biological

processes. We observed high-resolution spectra of highly charged atomic ions in an ion trap and stable molecular
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ions in a storage ring. We found that the electronic transitions of ions were significantly different from those of

neutral species, because of interaction among the closely located electronic excited states.

Radiative stabilization of C,  against electron
detachment

S. Iida!, S. Kuma?, S. Masuda!, H. Tanuma!, M.
Baba34, H. Shiromaru!, T. Azuma?!

"Department of Physics, Tokyo Metropolitan
University

2Atomic, Molecular and Optical Physics Laboratory,
RIKEN

3Molecular Photoscience Research Center, Kobe
University

“Division of Chemistry, Graduate School of Science,
Kyoto University

(Physical Review A, 2024)

A competition between electron detachment and
radiative stabilization (fluorescence) of C,  was
observed in the energy region slightly above the
electron detachment threshold, where the dominant
process is switched from fluorescence to electron
detachment. To quantify the stabilization process, we

measured the rotationally resolved excitation spectra

Fermi resonance in the radiative vibrational
cooling dynamics of N,O*

S. Harayama'?, S. Kuma?, N. Kimura®*?, K. C.
Chartkunchand?, M. Baba®?, T. Murakami®, T.
Takayanagi®, K. Yagi’, T. Yamaguchi', Y.
Nakano®?2, and T. Azuma?

"Department of Physics, Saitama University

2Atomic, Molecular and Optical Physics Laboratory,
RIKEN

3National Institute for Fusion Science

“Department of Physics, Tokyo University of Science

of delayed detachment; these spectra were obtained

from various rotational energy levels in the
vibrationally excited v = 5 state of the electronic
excited B state. The dependence of the electron
detachment rates on the rotational energy was obtained
by analyzing the intensities of the electron detachment
signals. At low rotational levels (N = 7), the electron
detachment rate was one order of magnitude lower
than the fluorescence rate, whereas at high rotational
levels (N = 43), the electron detachment rate was
higher than the fluorescence rate. The rates exhibited
a nonlinear increase against the rotational energy. This
result is in contrast with the previously reported linear
dependence of the detachment rates on the rotational
energy for fast electron detachment at high vibrational
states. The survival probability of C,™ against electron
detachment at 4500 c¢cm! above the detachment
threshold was 50%, indicating an equal rate of

fluorescence and electron detachment.

*Molecular Photoscience Research Center, Kobe
University

®Department of Chemistry, Saitama University
"Department of Chemistry, Institute of Pure and
Applied Sciences, University of Tsukuba
8Department of Physics, Rikkyo University

(Physical Review A, 2024)

Using time-resolved UV-laser spectroscopy up to a
few seconds in a cryogenic ion storage ring, we
observe that coupling of the stretching and bending

modes via Fermi resonance considerably affects the
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vibrational radiative cooling process of the linear
triatomic molecular ion N>O" isolated in vacuum. We
state-selectively compare the cooling rates of
vibrational states in the electronic ground states X
M3, and X M1y, only one of which is under Fermi
resonance. The vibrational radiative cooling rate of the
vibrational state (vi, v2, v3) = (2, 0, 0) in the electronic

ground state X 2IT3, which couples with (1, 2, 0) via

Laboratory Transition-rate Measurement of the
Coronal Intercombination Line of ArXV by Time-
resolved Laser Spectroscopy

Naoki Kimura'?, Yoshiki Miya3, Daiki Ito3, Priti4,
Daiji Kato*5, Masaaki Baba'®’, Susumu Kumal,
Toshiyuki Azuma!, and Nobuyuki Nakamura3

! Atomic, Molecular and Optical Physics Laboratory,
RIKEN

2Department of Physics, Tokyo University of Science
3Institute for Laser Science, The University of Electro-
Communications

“*National Institute for Fusion Science

SNational Institute for Fusion Science, National
Institute of Natural Science

®Molecular Photoscience Research Center, Kobe
University

"Division of Chemistry, Graduate School of Science,

Kyoto University

Fermi resonance, is determined through the excitation
to a predissociation channel. Here, vi, vz, and v;3
represent the vibrational quantum numbers of NN-O
stretching, N-N-O bending, and N-NO stretching,
respectively. We successfully find that the vibrational
radiative cooling rate for the (2, 0, 0) state of X IT3
is significantly slower than that of X 2I1;/» without the

Fermi resonance coupling.

(Physical Review A, 2024)

The extreme-ultraviolet emission line (424 A) of the
intercombination 1s*2s? !So— 1s*2s2p *P; transition of
Ar XV can potentially characterize the electron
Various

the

temperature of astrophysical plasma.

theoretical ~ studies  have  investigated
intercombination transition rate, which is essential for
the plasma diagnostics; however, experimental
difficulties have prevented its measurement. We
present here measurement of the lifetime of the *P;
excited state of Ar XV, providing the experimental
transition rate.

value of the intercombination

Employing time-resolved plasma-assisted laser
spectroscopy, a method we recently demonstrated,
enables us to measure this submicrosecond lifetime.
The experimental result exhibits a 25%—43% higher

transition rate than theoretical predictions.

I-H. THEORETICAL CALUCULATION OF AVERAGED MOLECULAR STRUCTURE

Hirano and Nagashima established "computational molecular spectroscopy"”, in which the ab initio theoretical

calculation gives very accurate potential energy curves, wavefunctions, and level energies. The most important

thing is calculating averaged molecular structure over vibrational motion in order to compare the calculated and

experimentally determined molecular constants. A linear triatomic molecule is observed as being bent because

of degenerate bending vibrations. We have performed precise calculations on the potential curves and

vibrational wavefunctions on MgOH and XeHXe+. Similarly, a planar polyatomic molecule is observed as
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being nonflat. We are now proceeding the calculations and analyzing the experimental results of benzene. The

vibrationally averaged structure of a polyatomic molecule is generally deferent from the equilibrium structure

at the potential minimum.

Applicability of multicomponent quantum
mechanical calculations for H/D isotope effects in
electronic absorption spectra

Mana Inoue!, Takayoshi Ishimoto!, David S.
Rivera Rocabado!, Taro Udagawa?, Masanori
Tachikawa3, Masaaki Baba*, Yusuke Kanematsu'
!Graduate School of Advanced Science and
Technology, Hiroshima University

2Department of Chemistry and Biomolecular Science,
Faculty of Engineering, Gifu University

3Graduate School of Nanobioscience, Yokohama City
University

“Molecular Photoscience Research Center, Kobe

University
(Chemistry Letters, 2025)
The applicability of multicomponent quantum

mechanical (MC_QM) approach was assessed by

calculating the H/D isotope effect on the electronic

Benzene is observed as being bent out-of-plane: No

molecule is observed as it is in the equilibrium

structure

Masaaki Baba!, Taro Udagawa?, Takayoshi
Ishimoto®, Yusuke Kanematsu?>, Naofumi
Nakayama®*, Masanori Tachikawa’, Umpei

Nagashima’, and Tsuneo Hirano®

"Molecular Photoscience Research Center, Kobe
University

2Department of Chemistry and Biomolecular Science,

Faculty of Engineering, Gifu University

absorption spectra of small molecules. The calculated
excitation energy of the water molecule increased
upon H/D substitution; a trend consistent with the
experimentally observed peak shift in the absorption
cross-section. This increase in excitation energy was
primarily attributed to changes in the highest occupied
molecular orbital, driven by a reduction in nuclear
quantum fluctuations due to isotope substitution.
Similar trends were observed in the absorption spectra
of ethylene, hexatriene, and biphenyl, reinforcing the
generality of these findings. These results suggest that
MC_QM is an efficient method for evaluating H/D
isotope effects on ultraviolet—visible spectra without
requiring vibrational analysis. Furthermore, the
approach provides a clear connection between spectral
changes and alterations in molecular orbitals induced

by isotope substitution.

3Graduate School of Advanced Science and
Technology, Hiroshima University

4CONFLEX corporation

SGraduate School of NanobioScience, Yokohama City
University

®Department of Chemistry, Faculty of Science,
Ochanomizu University

(Asian Workshop on Molecualr Spectroscopy, 2024,
Jilin University, China, Invited Talk)

Kunishige et al. have accurately determined
rotationalconstants of benzenes for all deuterium
laser

isotopologues byultrahigh-resolution
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spectroscopy and concluded that theaveraged bond
lengths Ro(C-H) and Ro(C-D) are almost identical [1]
contrary to the believed general rule that Ry(C-D) is
Ro(C-H) of

anharmonicity in the potential energy curve of

generally  shorter than because
stretching vibration.

In order to explain this experimental result, we
considered that the expectation value of C-H out-of-
plane bending vibration angle is not zero, and the bond
lengths projected to the molecular plane (inertial
principal axis) 7oproi(C-H) and 7oproj(C-D) become
almost identical, because the Ro(C-H) is larger but the
bending angle is also larger. The apparent reduction of
averaged bond length cancels the difference in the
effective bond length between 7o proj(C-H) and 7 proj(C-
D) [2].

It indicates that the benzene molecule is observed as

being bent out of plane. It can be understood by

considering the pendulum motion, in which the

existence probability is large at the turning point. We
also performed theoretical calculations of path integral
molecular dynamics and found that most of all
benzene molecules are nonflat with various shapes and
the average out-of-plane angle was approximately 6
degrees [3]. It is essential to perform accurate
theoretical calculation and reconsider the experimental
results of rotational constant, intensity of vibrational
transition, electron diffraction, and so on. No molecule
is observed as it is in the equilibrium structure. In
deriving molecular structure from the observed
effective rotational constants, we must keep in mind
how the molecule was recognized on the observation.
[1] S. Kunishige, M. Baba, et al., J. Chem. Phys., 143,
244302 (2015).

[2] T. Hirano, U. Nagashima, and M. Baba, J. Mol.
Struc., 1243, 130537 (2021).

[3] T. Udagawa, T. Hirano, M. Baba, et al., J. Phys.
Chem. A, 127, 894 (2023).
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II-A. LIQUID DYNAMICS STUDIED BY NONLINEAR INFRARED SPECTROSCOPY
Molecular dynamics in liquids are strongly influenced by the nature of molecular interactions. In order to
elucidate the dynamical effects of solvents on chemical reactions, it is very important to describe the relationship
between dynamics and interactions in liquids at the molecular level. In solutions, a vibrational frequency of
solute molecule is sensitive to changes of the solvent environment. Especially, in aqueous solution, hydrogen-
bond making and breaking processes play an important role in the dynamics of water molecules surrounding
the solute. Fluctuations of the vibrational transition energies, which are characterized by time correlation
functions of the frequency fluctuations, are very sensitive to the dynamics of surrounding environments.
Vibrational energy relaxation is also affected by short-range solvent-oscillator interaction.

Furthermore, orientational relaxation reflects microscopic viscosity around the oscillator. In recent years,
a great deal of effort has been devoted to investigate solute-solvent interactions with infrared (IR) nonlinear
spectroscopy such as two-dimensional IR (2D-IR) spectroscopy and pump-probe spectroscopy. 2D-IR
spectroscopy is a powerful tool to obtain microscopic information in solution such as ultrafast solvent dynamics
and local structure of solvent by probing the vibrational frequency fluctuations. By polarization-sensitive pump-

probe spectroscopy in the IR region we can study vibrational energy relaxation and orientational relaxation.

Vibrational frequency fluctuations of poly(/V,N- via vibrational

(a

diethylacrylamide) in the vicinity of coil-to-globule

transition studied by two-dimensional infrared

spectroscopy and molecular dynamics simulations

Y. Fujii, H. Ioka, C. Hashimoto,! I. Kurisaki,” S.

Tanaka,’ K. Ohta, K. Tominaga

"Niihama National College of Technology

2Waseda University

3Graduate School of System Informatics, Kobe

University

(J. Chem. Phys., 2024)

Poly-(N,N-diethylacrylamide) (PdEA), one of the

thermoresponsive polymers, in aqueous solution has

attracted much attention because of its characteristic

properties such as coil-to-globule (CG) transition. We

(2D-IR)
(MD)

simulations to understand the hydration dynamics in

performed  two-dimensional infrared

spectroscopy and molecular dynamics

the vicinity of the CG transition at the molecular level

frequency
fluctuations of the

P >

carbonyl stretching
dEP

PdEA
modes in the side
chains of PdEA.

N,N-diethylpropionamide (dEP);

Figure 1. Molecular structures.

Furthermore, a
repeating monomer unit of PAEA, is also investigated
for comparison. From decays of the frequency-
frequency time correlation functions (FFTCFs) of the
consider that

carbonyl stretching modes,

the

we

inhomogeneity of hydration environments
originates from various backbone configurations of
PdEA. The degree of the inhomogeneity depends on
temperature. Hydration water molecules near the
carbonyl groups are influenced by the confinements of
the polymers. The restricted reorientation of the
embedded water, the local torsions of the backbone,

and the rearrangement of the whole structure
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diffusion. By

performing MD simulations, we calculated the

contribute to the slow spectral
FFTCFs and dynamical quantities such as fluctuations
of the dihedral angles of the backbone and the
orientation of the hydration water molecules. The

simulated FFTCFs match well with the experimental

the excluded volume effect play an important role in
the vibrational frequency fluctuations of the carbonyl
stretching mode. It is also found the embedded water
molecules are influenced by the local torsions of the
backbone structure within the time scales of the

spectral diffusion.

results, indicating the retarded water reorientations via

II-B. DYNAMICS OF ELECTRONICALLY EXCITED STATE IN CONDENSED PHASES
Understanding of dynamics in the electronically excited state is a key issue to elucidate mechanisms in various
photochemical reactions in condensed phases. It is also important for designing and developing new materials
which have characteristic functions. We employ various kinds of ultrafast technique to monitor photochemical
and photophysical invents in sub-pico- to picoseconds time scales. By femtosecond fluorescence up-conversion
technique, dynamics in the electronically excited state can be observed with a time resolution up to 100 fs.
Vibrational dynamics in the electronically excited can be investigate by UV/VIS-pump IR probe technique.
Moreover, low-frequency responses by photoexcitation are investigated by UV/VIS-pump THz probe
experiment. Such responses include change of low-frequency vibrational modes induced by photoexcitation
and photo-induced changes of charge carrier dynamics.

Perovskite nanocrystals (PNCs) are on the verge of revolutionizing the field of optoelectronics due to
their strong absorbance, defect tolerance and color tunability. The charge transport characteristics of PNCs is
crucial for electro-optic applications. Those applications require separated carriers with enough time to traverse
through the transporting material layer and hence, precise estimation of electron-hole diffusion length and
carrier mobility is important in this regard. Estimating the charge transport properties in these PNCs on a
picosecond time scale is a challenging task because NCs cannot be tracked by attached electrodes. Using time-
resolved THz spectroscopy we tried to unveil the nature of the charge carrier dynamics for all inorganic CsPbBr3

NCs and organic-inorganic FAPbBr; NCs.

Probing the Effect of Phonons in Charge Transport (2" Symposium of Asian Research Network for THz

Characteristics of All Inorganic and Hybrid Molecular Science)

The absorption spectrum is broad in both the NCs (all
CsPbBr; NCs
FAPbBr; NCs) and the excitonic peak resides at ca.

500 nm in CsPbBr; and ca. 520 nm in FAPbBr3;. The

Perovskite Nanocrystals

Prajit Kumar Singha', Kaoru Ohta, Ankit Kumar!, inorganic and organic-inorganic
Anindya Datta', Keisuke Tominaga

Indian Institute of Technology Bombay, Mumbai,
India photoluminescence is strong and Aem, max peaks at 510

nm and 530 nm for CsPbBr; and FAPDbLBr3,
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respectively. The experiment in optical-pump
terahertz-probe spectroscopy with 400-nm excitation
was conducted in both the solid and freely diffusing
nanocrystals in solution. In both the states the carrier
dynamics do not differ much. For CsPbBr; in
heptamethyl nonane solvent, presence of very intense

phonon mode near 100 cm™! which overlaps in the

negative direction in complex conductivity spectra
clearly indicates excitation is strongly coupled to the
lattice vibration. Hence, certain degree of localization
happens forming polarons. Alongside, the nature of
photoconductivity is also investigated in FAPbBr3; and
a comparison the nature and effect of phonon modes

for both the NCs was presented

I-C. MOLECULAR DYNAMICS IN THE TERAHERTZ FREQUENCY REGION IN
CONDENSED PHASES

Vibrational spectroscopy has been widely used to investigate structures, interactions and dynamics of molecules
and molecular complexes. The low-frequency region below several terahertz (THz; 1 THz = 33.3 cm™)
corresponds to intermolecular modes of complexes and intramolecular modes with a weaker potential force
and/or larger reduced mass. Intermolecular interactions such as hydrogen bonding, van der Waals forces and
charge-transfer interactions play important roles in various chemical and biological processes. Moreover, the
low-frequency spectra also reflect molecular dynamics on a time scale from picoseconds to femtoseconds.

There has been dramatic progress in the generation and detection techniques of freely propagating THz
radiation in the past two decades. The examples of the generation technique include photoconductive switching,
optical rectification, and the surface photocurrent of semiconductors. Because the pulse duration of the THz
radiation is in a sub-picosecond time region, it is possible to measure the electric field of the radiation by
coherent detection methods, which consequently allows us to conduct THz time-domain spectroscopy (TDS).
By THz-TDS the refractive index and extinction coefficient of a medium are obtained by measuring the phase
and amplitude of the radiation. THz-TDS is an attractive method for studying dynamics in condensed phases
with time scales of sub-picoseconds and picoseconds. We have applied THz-TDS to investigate the low-
frequency dynamics of various kinds of condensed materials, including neat liquids and mixtures of liquids,

biological polymers, and conducting polymers.

Dielectric Relaxation of Phospholipid Bilayers in
the Gigahertz and Terahertz Frequency Region
Kazuya Takamoto, Keisuke Tominaga

(42" SPP)
Phospholipids are important materials for researches
on the cells, a basic unit for living bodies.
Phospholipids are composed of a hydrophilic head

group and hydrophobic tails, which are derived from a

phosphate group and fatty acids, respectively. Such
amphiphilic molecules can form self-assembled lipid
bilayers and play key a role in the biochemical
functions of cell membrane. Therefore, it is necessary
to investigate an origin of the functions by changing
the environmental parameters: hydration level and

temperature. In addition, the degree of unsaturation of
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fatty acid is also important leading to changes in the
structure and dynamics of the bilayer.

Dielectric constant corresponds to the response of
a material to an electric field. In a molecular level, the
character of the response may depend on the frequency,
and it may be related to collective motions of
molecules or large-amplitude vibrations. In particular,
because bulk or hydrated water molecules show
characteristic bands due to collective motions of the
molecules in the GHz and THz frequency region,
broadband dielectric spectroscopy has been used as a
powerful tool to monitor dielectric relaxation. In our
previous works, we measured temperature dependence
of the complex dielectric spectra for dehydrated and
hydrated phospholipid bilayer in the GHz and THz
frequency region by several spectrometers. We found
that there are several spectral components due to the

hydrated water molecules in this frequency region.

Low-frequency Vibrational Spectra of 4-
Fluorophenol Studied by THz Spectroscopy and
Solid-state Density Functional Theory
Feng Zhang,'* Houng-Wei Wang,® Tetsuo Sasaki,*
Michitoshi Hayashi,? Keisuke Tominaga
Xinjiang Technical Institute of Physics and Chemistry,
Chinese Academy of Sciences
2University of Chinese Academy of Sciences
3National Taiwan University
4Shizuoka University

(J. Phys. Chem. C, 2024)
Hydrogen-bonds serve as important intermolecular
interactions organizing the spatial arrangement of
molecular crystals. Determining the hydrogen-bond
orientations remains a challenging task. In the

previous XRD study, the authors assumed a single

crystal structure of 4-fluorophenol in which molecules

In the present measurements for the dielectric
spectra, THz time-domain spectrometers are used with
temperature controllers. Several phosphatidylcholines
with different numbers of the double bonds are chosen
as samples. The samples are first dehydrated in a
vacuum chamber at room temperature. The hydrated
samples are prepared by placing them with salt
aqueous solution in a sealed container. The powder
samples were pressed to form pellets. We confirmed
the of by

measurements and assigned them as a lamellar gel

phase sample X-ray diffraction
phase from the diffraction pattern. The temperature is
varied from 78 K to 293 K. In the presentation we will
discuss influence of the molecular structure of the
phospholipid on dynamics of both the bilayers and

hydrated water molecules from the dielectric spectra.

form hexamer-ring clusters via anticlockwise
hydrogen-bonding. However, the existence of the
other structure, which adopts clockwise hydrogen-
bonding, remains uncertain and warrants further
exploration. We unveil distinctive fingerprint
information associated with both structures using
high-resolution terahertz spectroscopy. The distinct
structures result in different intramolecular geometries
of 4-fluorophenol regarding the O-H bond
configurations, which is manifested by a noticeable
peak splitting in the 20-200 cm™ frequency range. This
result illustrates the sensitivity of THz spectroscopy to
hydrogen-bond conformational polymorphism. Our
findings represent a significant advancement in
utilizing high-resolution THz spectroscopy to resolve

hydrogen-bond orientations in molecular crystals with
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possible broad applicability across diverse hydrogen-

bonded organic and inorganic framework materials.

II-D. DEVELOPMENT OF WAVEFRONT SHAPING TECHNIQUES FOR ULTRAFAST OPTICAL
PULSES AND THEIR APPLICATION TO TIME-RESOLVED SPECTROSCOPY
Ultrafast nonlinear optical spectroscopy has become an indispensable tool for investigating various dynamical
processes in the condensed phase. Although this spectroscopy is of great interest due to its unique structural and
dynamical resolution, performing measurements in scattering media remains very challenging. When coherent
light propagates through scattering media, the scattered light forms a destructive interference pattern known as
"speckle." Wavefront shaping using a spatial light modulator has been shown to control light propagation
through scattering media. This method can be used to manipulate the input wavefront in order to design the
output field, such as focusing light at a desired position. However, it remains a challenge to simultaneously
control both the spatial and temporal properties of ultrashort pulses in scattering media. We are developing
wavefront and pulse-shaping techniques to control both the amplitude and phase of ultrashort pulses in

scattering media. Additionally, we are interested in applying wavefront shaping techniques to time-resolved

spectroscopy.

Ultrafast Time-Resolved Spectroscopy through a
Thin Scattering Medium by Wavefront Shaping
K. Ohta

(OPIC 2024, The 10th Biomedical Imaging and
Sensing Conference)

Due to the rapid development of femtosecond solid-
state lasers, ultrashort pulses as short as tens of
femtoseconds have become routinely available to
researchers. Time-resolved spectroscopy using such
pulses has proven to be a powerful technique for
studying various photophysical and photochemical
processes in the condensed phase. So far, ultrafast
time-resolved spectroscopy has mostly been applied to
the study of optically homogeneous systems. In these
cases, scattering from the sample must be small
enough not to interfere with the propagation of the
transmission or reflection

ultrashort pulses in

geometry. This limits the applicability of time-

resolved spectroscopy and microscopy using
ultrashort pulses. In this work, we present a proof-of-
principle experiment for time-resolved pump-probe
spectroscopy through a thin scattering medium. The
main advantage of the current method is that only the
pump pulse is focused on the target position, and the
unoptimized speckle pattern of the beam is used as the
probe pulse. By combining this with image-based
differential detection of the probe pulse, we can
amplify the pump-induced change in the probe pulse
after passing through the scattering medium. Our new
method opens up the possibility of performing
ultrafast pump-probe imaging with high temporal and
spatial resolution, even through or within complex

media.
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II-E.

INTERMOLECULAR INTERACTIONS OF POLYMER STUDIED BY TERAHERTZ

SPECTROSCOPY

Low-frequency vibrational bands observed in the low-frequency Raman and terahertz (THz) spectra originate

from the higher-order structure, crystalline structure, and intermolecular interactions of polymer materials.

Therefore, THz and low-frequency Raman spectroscopy are unique techniques for analyzing higher-order

conformations and intermolecular hydrogen bonding in semi-crystalline polymers. However, the band

assignment of THz spectra of polymers has not been studied well. Therefore, it is necessary to develop band

assignment methods in order to establish THz spectroscopy as a powerful and unique method for exploring

the structure and physical properties of polymers.

of
Poly(trimethylene terephtalate) Studied by Low-

Structure Molecular Chains of

Frequency Vibrational Spectroscopy and
Quantum Chemical Calculations: In Comparison
with That of Poly(ethylene
Poly(butylene terephthalate) from the Point of
Parity of Methylene Chain Length

Y. Maruyama, K. Tamural, K. Akao!, Y. Ozaki, H.

Sato

terephthalate) and

'Applicative  Solution Lab Division, JASCO
Corporation

(Macromolecules, 2024)

Intermolecular interactions in poly(trimethylene
terephthalate) (PTT) are investigated using far-
infrared (FIR), terahertz (THz), and low-frequency
Raman spectroscopy, interatomic distance
calculations, natural bond orbital (NBO) analysis, and
quantum chemical calculations (QCCs). The parity of
the crystal structure is explored through the vibrational
spectroscopy by comparing PTT with poly(ethylene
terephthalate) (PET) and poly(butylene terephthalate)
(PBT), where the structural difference only lies in the
of CH;

calculations and NBO analysis suggested the presence

number groups. Interatomic distance

of CH---O=C hydrogen bonds between adjacent
molecules of PTT. This hydrogen bond appears as a
band at 88 cm™! in the THz spectrum and 90 cm ™' in
the low-frequency Raman spectrum. In poly(m-
methylene terephthalate) with an odd number of CH,
groups (PTT: CH; = 3), the molecular chain forms a
crystal structure with repeated Z-shaped bends,
whereas with an even number of CH, groups (PET:
CH; =2, PBT: CH; = 4), a crystal structure is formed
in which the repeating units are arranged in the same
direction with respect to the fiber axis. The parity of
this crystal structure is reflected in the low-frequency
spectra. Therefore, it is clear that vibrational
spectroscopy in the low-frequency region is a useful

technique for detecting the parity of the polymers.

~

0.
f 4
&)

Figure 1. THz spectra of PTT, PET, and PBT, where
the structural difference only lies in the number of CH,

groups.
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Visualization of Changes in Crystallinity and
Intermolecular Hydrogen Bonding of Poly(e-
caprolactone) during Marine Degradation Process
by High- and Low-frequency Three-dimensional
Raman Mapping

T. Segawa, K. Ito, M. Hatayama, Y. Maruyama, J.
Gao, N. Ueno, H. Sato

(ACS Applied Polymer Materials, 2024)

The samples investigated were prepared by seeking
poly(e-caprolactone) (PCL) films in seawater for the
study of marine degradation processes. Raman
mapping measurements in the low-frequency region
and the C=O stretching region were used for
investigating the strength of the CH---O=C hydrogen
bonding and the changes in the crystallinity of PCL,
respectively, in its marine degradation process. During
the marine degradation of the PCL film, the
amorphous parts of the film decomposed and flow
away in the seawater. A band at around 60 cm
reflecting intermolecular CH:--O=C hydrogen bonds
showed a weakening of hydrogen bonds in the crystal

structure of PCL. Three-dimensional (3D) Raman

Quantitative analysis of branched high-density

polyethylene content using far-infrared
spectroscopy

A. Kitamura!, Y. Matsuzoe!, N. Okitsu', H. Sato

! Asahi Kasei Corporation

(Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 2025)

This study describes a simple method for estimating
the content of branched high-density polyethylene

using spectroscopy including the terahertz region.

mapping developed by the C=0 stretching region
indicated that the marine degradation started from the
surface of the annecaled PCL film. However, 3D
Raman mapping measurements in the low-frequency
region showed no significant difference in the strength
of the hydrogen bonding between a film surface and
an inside after marine degradation of day 7. These
findings suggest that the crystallinity changes mainly
near the film surface, but changes in the strength of the
hydrogen bonding occur both near the surface and

inside of the PCL film.

Figure 1. Raman mapping of poly(e-caprolactone)

(PCL) during marine degradation.

Herein, we prepared samples by blending high-density
polyethylene with a blend ratio of 0 %-100 % of
branched and linear polyethylene. Then, the terahertz
absorption spectra of these samples were recorded
from 600 to 50 cm™! (18-1.5 THz), and a calibration
model based on absorption spectra and blend ratios
was created using multivariate analysis. A very high
correlation coefficient (R2 = 1) was obtained between
the model estimate and the measured values,

confirming the validity of this method.
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Melting/crystallization Mechanism of
Biodegradable Polymer, Poly(3-hydroxybutyrate),
Studied by Quantification of Temperature-
dependent IR spectra by Nonlinear Deconvolution
A. Udal, H. Sato, Y. Ozaki

"Mitsubishi Chemical Corporation

(Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 2025)

The melting and crystallization mechanisms of poly(3-
hydroxybutyrate) (PHB), a biodegradable polymer,
were investigated using temperature-dependent
infrared (IR) spectroscopy. The IR spectra were
quantified by DeNoLeS-PV (Deconvolution by
Nonlinear Least Squares with Pseudo-Voigt function)
to analyze the thermal behavior of the crystal structure
stabilization between PHB helical molecules via
hydrogen bondings. The wavenumber region of 4000—
1000 cm ™! was utilized. The DeNoLes-PV algorithm
played a key role in separately evaluating the
absorbance, peak position, and Full Width at Half
Maximum (FWHM) for 37 spectra, comprising 29
peaks at 16 different intervals during the temperature
increase and 21 intervals during the temperature
decrease. The temperature-dependent absorbance
profiles of the peaks were classified into four distinct
groups using Principal Component Analysis (PCA).
The behavior of the amorphous band at 1740 cm™! and
crystalline C=0 stretching band at 1723 cm™' were

monitored to investigate the mechanisms of PHB

Figure 1. Schematic illustration of quantitative
analysis of branched HDPE content by THz

spectroscopy.

melting and crystallization. The melting process
involves the breaking of C-H* * - O=C hydrogen bonds
between the molecular chains in lamellar crystals,
whereas the cooling process involves a two-stage
change due to fluctuations in nucleation. At a
temperature of 125°C, a significant change in
absorbance appears to be associated with spike-like
shifts in the peak position and FWHM. This suggests
that the hydrogen bonding structure undergoes a high-
dimensional transformation between the crystalline
and amorphous regions.

The proposed method

successfully  captured and  visualized the
melting/crystallization processes of PHB, which
involves the decomposition and formation of a higher-
order structure comprising a mixture of crystalline and
amorphous regions within the lamellar crystalline
region. The proposed deconvolution approach can be
applied to various instrumental analysis datasets for

peak quantification.
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Figure 1. Examining the thermal characteristics of
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a biodegradable polymer, utilizing
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Raman and ATR-FTIR Unmask Crystallinity
Changes and Carboxylate Group and Vinyl Group
Accumulation in Natural Weathering
Polypropylene Microplastics

R. Anshari!, M. Tsuboi!, H. Sato, K. Tashiro?, Y.
Ozaki

'Kwansei Gakuin University

2Aichi Synchrotron Radiation Center

(Scientific Reports, 2025)

Naturally weathered polypropylene (NWPP) samples
are useful for investigating the effects of various
degradation factors that cannot be obtained in artificial
laboratory experiments. In this study, NWPP samples
were extracted from beach sediments (Ashiya, Hyogo,
Japan). Raman and attenuated total reflection (ATR)—
Fourier-transform infrared (FTIR) spectroscopies
were used to analyze variations in the composition,
crystallinity, orientation, and degradation of NWPP
microplastics. The degree of degradation varies from
sample to sample, from position to position in a
sample, and the inside surface or outside surface of a
sample. Significant intensity variations were observed
for Raman bands at 1150 and 842 cm™, indicating
changes in the crystallinity and molecular orientation

of NWPP due to degradation. The Raman spectra of

the elongated pristine PP showed intensity increases at

Study on the Brill transition of polyamide 6 with
different crystal forms using low- and high-
frequency Raman spectroscopy

J. Gao, H. Sato

(RSC Advances, 2025)

Polyamide 6 (PA6) in its o and y-forms was studied
from 30 to 220°C using Raman spectroscopy in the
low- and high-wavenumber

regions. Quantum

chemical calculations were employed to assist with

1150, 998, and 842 cm™!, indicating variations in the
molecular orientation of the polymer chains induced
by elongation. The ATR-FTIR spectra of NWPP yield
several major new features in the 36003200 cm™!
(OH stretching), 1750-1500 cm™! (C=0/C=C/COO-
stretching), and 1150-900 cm™!' (C—O/C—C stretching)
regions. Of particular note is that in the 1750-1500
cm ! region, at least four bands due to two kinds of
vinyl groups and two kinds of carboxylate groups are
clearly observed in the second derivative spectra,
while bands arising from carbonyl compounds are
weak. This may be the first time that the carboxylate
bands have ever appeared more strongly than the
carbonyl bands in the IR spectra of NWPP. The
appearance of the carboxylate bands indicates two
possibilities: one is the effect of seawater on the
degradation of NWPP samples, and another is the
oxidation of keto groups to the carboxylates. Moreover,
since a few kinds of vinyl compounds and
carboxylates are produced, it is very likely that the
degree of degradation is high in the NWPP samples. In
this way, IR spectroscopy is useful for exploring the
degradation of NWPP while Raman spectroscopy is
effective for examining variations in their crystallinity

and orientation.

band assignments. In the low-wavenumber region, a
peak at approximately 100 cm™!, attributable to a
mixed mode of methylene lateral motion and amide
group stretching, was observed. Additionally, a new
band at approximately 60 cm ' was observed and
assigned to molecular chain torsions in the a-form.
Both bands indicated that molecular chain rotation
occurs prior to the Brill transition at approximately

130°C. In the high-wavenumber region, bands at
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approximately 1126 cm ™' and 1060 cm™! indicated a
simultaneous weakening of C—C stretching modes in
the trans conformation at the same temperature,
consistent with observations in the low-wavenumber

region.
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Figure 1. Brill transition of polyamide 6 with in the

low-frequency Raman spectra.

II-F. SPECTROSCOPIC OBSERVATION OF HYDRATES AND SILICATES

Observation of hydrates and silicates have been performed using electron spin resonance (ESR), THz, and

Raman spectroscopies. In ESR, radiation-induced defects and radicals in natural and synthetic silica

clathrates were observed for physicochemical studies as well as geological studies like thermochronological

dating. We confirmed that hydrogen abstraction reaction occurred in silica clathrates, as in clathrate hydrates.

In THz observation, preparation procedures for salt hydrates were completely revised and developed. To

identify salt hydrates with hydration number remotely, magnesium chloride hydrates were measured by high-

frequency accurate CW GaP terahertz spectrometer. In Raman, melanophlogite samples were measured to

reveal the distribution of gaseous guest molecules.

Dependence  of  carboxylate anions on

physicochemical properties of
tributyloctylphosphonium-based ionic liquids

H. Akamatsu'?, S. Kubo?, S. Kikuchi’, Y.
Tsuchida3, H. Hotta?, A.
Yokobiki?, Y. Funasako?, Y. Okuno?, A. Hamada*,

H. Yamada?, and A. Tani'*®

K. Tsunashima?,

!Graduate School of Human Development and
Environment, Kobe University

2Department of Applied Chemistry and Biochemistry,
National Institute of Technology, Wakayama College
3Department of Integrated Engineering, Chemistry
and Biochemistry Course, National Institute of
Technology, Yonago College

“Development Division, Wakayama Plant, Komatsuya

Corporation

SDepartment of Chemical Engineering, National
Institute of Technology, Nara College
®Molecular Photoscience Research Center, Kobe
University

(ECS Transactions, 2024)

A new group of tributyloctylphosphonium-based ionic
liquids containing several carboxylate anions was
designed,  prepared and  physicochemically
characterized. All phosphonium carboxylates obtained
in this study became viscous liquids at room
temperature. The formate-based ionic liquid exhibited
the highest density and number density due to the
smallest anion size. All ionic liquids exhibited typical
ionic conduction behavior, since the viscosity
decreased and the conductivity increased with
increasing temperature. It was also found that the

viscosity tended to decrease with increasing the
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carbon numbers of the alkyl chains of lower
carboxylate anions. Compared to the propionate-based

ionic liquids, lactate-based ionic liquids exhibited

Correlation between [AlO4/h*]° and E’ centers in y-
irradiated natural quartz: thermal Kinetics and the
origin of non-optically bleachable [AlO4h*]°
centers before and after visible light stimulation
K. Benzid! and A. Tani'*?

!Graduate School of Human Development and
Environment, Kobe University

Molecular Photoscience Research Center, Kobe

University
(Next Research, 2025)
In this study, we investigated the bleaching

mechanisms and thermal behavior of defect centers in
natural quartz using electron spin resonance. Our
findings confirm the presence of two distinct types of
E' (E’1) centers and their interplay with [AlO4/h]°
centers during exposure to visible light. Specifically,

we observed that [AlO4/h]° centers decrease as E'

Electron spin resonance study on hydrogen
abstraction reactions of radiation-induced radicals
in synthetic silica clathrate with ethylamine and
ethanol

S. Isogai!, K. Masuda!, K. Dan!, A. Tani'?, and S.
Tojo?

!Graduate School of Human Development and
Environment, Kobe University

Molecular Photoscience Research Center, Kobe
University

3The Institute of Scientific and Industrial Research,
Osaka University

(Atoms, 2025)

higher viscosity. The phosphonium ionic liquids based
on carboxylate anions showed higher thermal stability

than nitrogen-based counterpart ionic liquids.

centers are produced under light exposure, and both
defect types exhibit thermal variations consistent with
the Meyer-Neldel rule. Importantly, only one of the E'
centers actively participates in the bleaching process
of [AlO4/h']° centers, linking the residual of [AlO4/h 1%,
also known as the non-optically bleachable [A104/h']°
centers to the light-insensitive E' centers. In contrast,
the light-sensitive E' center contributes solely to the
visible light-driven processes. Notably, the diffusion
of electronic holes between non-bleachable [A104/h'1°
centers and the light-insensitive E' precursor cannot be
initiated by visible light alone and requires heating to
a temperature near the isokinetic point. These findings
advance our understanding of defect dynamics in
quartz, with implications for dosimetry and geological

dating.

Intermolecular hydrogen abstraction reactions of
radiation-induced radicals from guest molecules in
adjacent cages, as observed in clathrate hydrates, were
investigated in synthetic silica clathrate (clathrasil)
with ethylamine and ethanol. ESR observation of the
silica clathrate after y-ray irradiation at 77 K
confirmed the formation of 1-aminoethyl radical
(CH3)(CH-)(NHy),
(CH3)(CH")(OH), and hydrogen atom at 225 K. In

1-hydroxyethyl radical
isothermal annealing experiments, the amount of
hydrogen atoms decreased at around 225 K following
first-order kinetics, while the amount of 1-aminoethyl

radical simultaneously increased by a similar amount.
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The amount of 1-hydroxyethyl radical decreased at
temperatures around 280 K with first-order kinetics,
while the amount of 1-aminoethyl radical increased at
these temperatures. These results suggest that
hydrogen abstraction reactions occur not only between
the hydrogen atom and ethylamine at around 225 K

but may also occur between 1-hydroxyethyl radical

and ethylamine at around 280 K. Furthermore,
observation of 1-hydroxyethyl radical in silica
clathrate with only a small amount of ethanol indicated
that ESR measurements could be used to detect traces
of guest molecules in clathrates if the radicals derived

from them are stably stored in the cages.
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III Terahertz Material Physics Laboratory
III-A. HIGH FIELD ELECTRON SPIN RESONANCE (ESR) STUDIES OF QUANTUM SPIN
SYSTEMS
The ground states of quantum spin and spin frustration systems at low temperatures are attractive issues in
the field of solid-state physics due to the prevention of long-range order by strong quantum fluctuation and
frustration effects. High-frequency, high-field ESR is a powerful spectroscopic method for investigating the
ground state and lower excited state of the system, as it directly observes the magnetic excitation. To
understand these spin systems, we keep continuously extending our multi-extreme THz ESR system. In the
journal of Applied Magnetic Resonance, H. Ohta wrote a review paper of our multi-extreme THz ESR on
'What is Multi-Extreme THz ESR?: Developments and Its Application'. Over the last decade, there has been
a great deal of interest in cross-correlated materials, which are expected to develop into applications. In
particular, the directional dichroism of light has been actively studied for applications such as optical switches.
However, in many cases, directional dichroism of light has only been reported in the visible light range.
However, collaborator Akagi discovered the terahertz broadband one-way transparency by detailed ESR
measurements of multiferroic material Sr,CoSi,O7, and reported it to Science Advances. H. Kikuchi, a
visiting professor in our group from 2024, began experimental research on new frustrated spin materials,
which has Kagome layer sandwiched with Triangular layer with two types of spins. For other joint researches,
high-field ESR and the magnetic susceptibility measurements of many materials have been performed to
obtain magnetic information. And we also have joint research with theoretical groups for obtaining
experimental parameters from quantum calculations. In total, our joint researches have been performed with
13 groups, and we have organized one scientific meeting with joint research groups. Y. Hamada, who is
master course student, received the Best Presentation Award at SEST 2024. H. Ohta give invited talks at the
31th Michinoku Jisei Danwakai, APES2024, IFW Dresden Scientific talks, TRR 360 Seminar. H. Ohta is the
auditor of the Japan Society of Infrared Science and Technology (2023-), and the Representative Member of
the Society of Electron Spin Science and Technology (SEST). Additionally, Ohta serves on the advisory
board of Applied Magnetic Resonance, is a board member of the Yukawa Memorial Foundation, and serves
as chairman of the Mochizuki Foundation in Yukawa Memorial Foundation. S. Okubo is a board member of
the Japan Society of Infrared Science and Technology (2023-2025), and organize the 30th Anniversary
Special Research Meeting of the Japan Society of Infrared Science and Technology, which took place in
November 2024 at Tanegashima Iwasaki Hotel. S. Okubo serves as the Chair, and E. Ohmichi and T. Sakurai
serves organizing committee for the international workshop “Modern developments and applications of ESR,
THz and high magnetic fields” (MDETH2024), which took place in September 2024 at Kobe University. H.
Ohta and S. Okubo also serves organizing committee for the 20th Quantum Spin Systems Workshop, which
took place in December 2024 at Akita Art Village. H. Ohta, S. Okubo, E. Ohmichi, and T. Sakurai co-authored
"Shinban Sekigaisenkougaku", a Japanese textbook on the infrared field, published by Yachiyo Publishing in
August 2024. S. Okubo initiated a research group with Hiroshima University on condensed matter structural

magnetism using broadband electromagnetic waves and quantum beams. Moreover, in order to strengthen
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the pulsed magnetic field researches in the western Japan region, we have been continuing the activities of

The KOFUC (Kobe-Osaka-Osaka Prefecture-Fukui Universities Centers) Network since 2014.

What is Multi-extreme THz ESR? Developments
and its Applications

H. Ohtal, S. Okubo!, E. Ohmichi2, H. Takahashi!

& T. Sakurai®

"Molecular Photoscience Research Center, Kobe
University

2Graduate School of Science, Kobe University
3Research Facility Center for Science and Technology,
Kobe University

(Appl. Mag. Res., 2025)

This review explores the multi-extreme THz ESR
system in Kobe, Japan, with a focus on pulsed
magnetic felds, mechanical detection, and high
pressure as central elements of multi-extreme THz
ESR. Initially, it discusses the advantages of multi-
frequency THz ESR using mini-pulsed and 55 T-

pulsed magnetic felds, with typical examples featuring

Terahertz broadband one-way transparency with
spontaneous magnon decay

M. Akaki', M. Matsumoto?, Y. Narumi’, S. Okubo?,
H. Ohta*, M. Hagiwara3

nstitute for Materials Research, Tohoku University
2Department of Physics, Shizuoka University

3Center for Advanced High Magnetic Field Science,
Graduate School of Science, Osaka University
“Molecular Photoscience Research Center, Kobe
University

(Sci. Adv., 2025)

Nonreciprocity is a phenomenon in which broken
spatial inversion symmetry appears on a macroscopic

scale and is an essential issue in condensed matter

the fnite Haldane chain substance Y2BaNig.9sMgo.040s
and the deformed diamond chain antiferromagnet
Cu3(CO3)2(OH),  (Azurite). The measurement
efciency and the measurement beyond the magnetic
phase transition, in contrast to the conventional
superconducting magnet, are discussed. Second, the
high sensitivity obtained from the use of a nano-
membrane for mechanical detection is shown. Also
shown are the high-temperature (280 K) THz ESR
results for DPPH powder and a Cu(CsH4N2)(NO3),
(CuPzN) single crystal, with the combination of a
nano-membrane device and a high-power source, a
gyrotron. Finally, the high-pressure THz ESR results
for KCuCl; using a transmission-type double-layered

pressure cell are shown, along with the application of

the thermally detected high-pressure THz ESR

physics. Directional dichroism is the nonreciprocal
phenomenon of light; the light transmittance varies
depending on the direction of light propagation. It
arises from interference between electromagnetic
fields of light, resulting in the nonreciprocal
transmittance determined by the resonance light
absorption. For the maximum interference, it shows
one-way transparency, and achieving this is an
outstanding experimental challenge. Concerning
energy dispersion, the resonance generally occurs only
at a specific energy with a narrow bandwidth. When
the excited state of the magnon spontaneously decays
into lower energy states, the absorption linewidth gets

broader. Here, using electron spin resonance, we
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identify the specific absorption mode in a multiferroic decay accompanied by the maximum interference,

material Sr,CoSi,O; with the spontaneous magnon achieving the broadband one-way transparency

III-B. DEVELOPMENT OF NOVEL FREQUENCY-DOMAIN TERAHERTZ

SPRCTROSCOPY TECHNIQUES USING PHOTOMIXERS AND NANOANTENNAS
We developed a rapid-sweep and high-resolution technique of frequency-domain terahertz (THz)
spectroscopy via dynamic phase control. In this technique, the optical phase of the photocurrent is
dynamically compensated sot that the photocurrent always has the extremal values during frequency sweeps.
As a result, the data acquisition rate was improved by two orders compared to the previous technique without
comprising the spectral resolution. We applied this technique to gas-phase THz spectroscopy of acetonitrile,
and observed the fine structure accompanied by centrifugal distortion. This technique will be useful for
broadband and high-resolution THz spectroscopy of materials of interest.

In addition, we simulated the frequency response of a diabolo antenna, a kind of metallic planar antenna,

to enhance the oscillating magnetic-field components of electromagnetic waves. Such antennas are thought
to be useful to increase the sensitivity of frequency-domain electron spin resonance (ESR) spectroacopy,
since the signal amplitude is proportional to the square of the oscillating magnetic fields. Numerical
simulations were carried out using CST Microwave Studio, and the results were analyzed to optimize the
antenna geometry for frequency-domain ESR in the THz region. We newly proposed modified types of
diabolo antennas, or nested U-shaped antennas to expand the working frequency band and obtained an
enhancement factor of about 100 across a wide frequency range.
Mr. Shoji got the best presentation awards at the Symposium on Frontier of Terahertz Science X held at
Tohoku University, the 62"¢ SEST annual meeting held at Kobe University and the 32" annual meeting of
the Japan Society of Infrared Science and Technology held at Kansai University. He also gave oral
presentations at the International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-
THz2023) held at Montreal, Canada and at the International Society of Magnetic Resonance (ISMAR2023)
held at Brisbane, Australia.

Modified diabolo antennas for broadband Enhancement of the magnetic field components of

enhancement of sub-terahertz oscillating magnetic
fields

E. Ohmichi!, R. Takigawa!, Y. Igo!, and H. Ohta'>?
!Graduate School of Science, Kobe University
Molecular Photoscience Research Center, Kobe
University

(Optics Express 32,2024)

electromagnetic waves is of particular interest across
a wide range of applications such as enhanced
magnetic dipole emission and increased sensitivity of
magnetic resonance. Diabolo antennas are known to
significantly enhance the local intensity of oscillating
magnetic fields. Although the enhancement factor is

sufficiently high for these purposes, the drawback is a
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narrow frequency band due to their resonant nature.
Here we propose modified diabolo antennas, or nested
U-shaped antennas, to expand the working frequency

band in the sub-terahertz region. In this study, we

Rapid-scan broadband frequency-domain
terahertz spectroscopy via dynamic optical phase
lock

Y. Shoji!, E. Ohmichi!, H. Takahashi’>, and H.
Ohta!?

!Graduate School of Science, Kobe University
Molecular Photoscience Research Center, Kobe
University

(Appl. Phys. Lett., 2024)

Frequency-domain terahertz (THz) spectroscopy
using photomixing devices has unique advantages

such as high dynamic range and high spectral

investigated the geometrical dependence of nested U-
shaped antennas and optimized their shape for
practical applications in sub-terahertz electron spin

resonance spectroscopy.

resolution. Thus, many applications for solid-state and
gas-phase spectroscopy have been proposed. In this
study, we developed a feedback controlled technique
to dynamically compensate for the optical phase
accompanied by frequency sweep, enabling both fast
and high-resolution data acquisition across a wide
frequency region. From gas-phase THz spectroscopy
measurements of dilute acetonitrile gas in a wide
frequency range up to 1.1 THz, fine structures with
linewidths less than 10 MHz were clearly resolved,
while the data acquisition rate was improved by two

orders compared to the previously reported value.

HI-C. THEORETICAL RESEARCH ON SPIN TEXTURE

New concepts related to the spin texture, such as Z2 vortices and skyrmion lattices, have been discovered in

spin frustrated systems. H. Kawamura, a visiting professor in our group from 2020, began conducting

theoretical research on spin textures related to spin frustration. Kawamura and Hijii, a visiting researcher,

proceeded with the theoretical study of the temperature-magnetic field phase diagram and multi-Q order of

triangular lattice Heisenberg magnets with uniaxial magnetic anisotropy through numerical calculations.

Furthermore, Kawamura and his collaborators proceeded with theoretical considerations to experimental

research on Z2 vortices using neutron scattering. H. Kawamura give invited talk at FFRS workshop in July

2024 at Osaka University.

Skyrmion crystal formation and temperature—
magnetic-field phase diagram of the frustrated
triangular lattice Heisenberg magnet with easy-
axis magnetic anisotropy

H. Kawamura

Molecular Photoscience Research Center, Kobe

University

(Phys. Rev. B., 2024)

The nature of the skyrmion-crystal (SkX) formation
and various multiple-q phases encompassing the SkX
phase are investigated by extensive Monte Carlo
simulations on the frustrated J1-J3 triangular-lattice
Heisenberg model with the weak easy-axis magnetic

anisotropy. Phase diagrams in the temperature 7 vs
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magnetic-field H plane are constructed, leading to a becomes only metastable, and new multiple-q states
rich variety of multiple-q phases. The anisotropy with a broken C3 symmetry are instead stabilized.
stabilizes the SkX state down to 7= 0 at intermediate Implications to experiments are discussed.

fields, while in the lower-field range the SkX state

II-D. DEVELOPMENT AND APPLICATION OF HIGH-PRESSURE ESR SYSTEM

We performed detailed ESR measurements on an S

12 two-leg ladder antiferromagnet,
(dimethylammonium)(3,5-dimethylpyridinium)CuBrs, prior to high-pressure ESR measurement. This
material is expected to exist near the quantum critical point between dimer singlet phase and
antiferromagnetic phase. First, the g-principal values were determined by the X-band ESR measurements at
room temperature. It was found that one of the g-principal values of the Cu®** ion in the distorted tetrahedral
crystal field is the most anisotropic along the distorted axis and the others are relatively isotropic in the plane.
In addition, the results of the high-field ESR measurements at the lowest temperature of 1.9 K were well
explained by the S = 1/2 antiferromagnetic dimer model with the Ising anisotropy for Hl|c*, and by the
antiferromagnetic resonance mode with the hard axis for Hlc*. This study was joint research with Prof.
Hagiwara at Osaka University. A master course student Y. Hamada received the excellent poster award at
the 63th annual meeting of the society of electron spin science and technology on his ESR measurements of
this material.

We also performed the high pressure magneto-optical measurements of black phosphorus. This
material undergoes the semiconductor-semimetal transition at about 1.2 GPa. We succeeded in observing the
cyclotron resonance of this material below the transition pressure. It directly shows that the effective mass is
reduced by applying the pressure from 0.22 mg at ambient pressure to 0.09 mg at 1 GPa. Above the transition
pressure, we observed oscillating spectra as we swept the field. It was concluded that this oscillating behavior
was due to the fact that the extremely small effective mass above the transition pressure caused the Alfven
wave which propagates electromagnetic wave and this wave caused Fabry-Perot interference within the

sample. This study was joint research with Prof. Okamura at Tokushima University.

Pressure-tuned quantum criticality in the large-D
antiferromagnet DTN

K.Y. Povarov!, D.E. Graf’2, A. Hauspurg’*, S.
Zherlitsyn?, J. Wosnitza®*, T. Sakurai’, H. Ohta%’,
S. Kimura®, H. Nojiri®, V.O. Garlea’, A. Zheludev'’,
A. Paduan-Filho!!, M. Nicklas'?, S.A. Zvyagin'
"Dresden High Magnetic Field Laboratory (HLD-
EMFL) and Wiirzburg-Dresden Cluster of Excellence

ct.qmat, Helmholtz-Zentrum Dresden-Rossendorf
(HZDR)

>National High Magnetic Field Laboratory,
Tallahassee

3Dresden High Magnetic Field Laboratory (HLD-
EMFL) and Wiirzburg-Dresden Cluster of Excellence
ct.gmat, Helmholtz-Zentrum Dresden-Rossendorf

(HZDR)
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Strongly correlated spin systems can be driven to
quantum critical points via various routes. In particular,
gapped quantum antiferromagnets can undergo phase
transitions into a magnetically ordered state with
applied pressure or magnetic field, acting as tuning

parameters. These transitions are characterized by z=1

The Relationship Between Spin Crossover (SCO)
Behaviors, Cation and Ligand Motions, and
Intermolecular Interactions in a Series of Anionic
SCO Fe(III) Complexes with Halogen-Substituted
Azobisphenolate Ligands

M. Hirotal, S. Murata!, T. Sakurai?, H. Ohta3, K.
Takahashi!

"Department of Chemistry, Graduate School of
Science, Kobe University

Research Facility Center for Science and Technology,
Kobe University

3Molecular Photoscience Research Center, Kobe
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(Molecules, 2024)

or z=2 dynamical critical exponents, determined by
the linear and quadratic low-energy dispersion of spin
excitations, respectively. Employing high-frequency
susceptibility and ultrasound techniques, we
demonstrate that the tetragonal easy-plane quantum
antiferromagnet NiCl, 4SC(NH2), (aka DTN)
undergoes a spin-gap closure transition at about 4.2
kbar,

ordering. The studies are complemented by high-

resulting in a pressure-induced magnetic

pressure-electron  spin-resonance  measurements
confirming the proposed scenario. Powder neutron
diffraction measurements revealed that no lattice
distortion occurs at this pressure and the high spin
symmetry is preserved, establishing DTN as a perfect
platform to z=1 critical

investigate quantum

phenomena. The experimental observations are
supported by DMRG calculations, allowing us to
quantitatively describe the pressure-driven evolution
of critical fields and spin-Hamiltonian parameters in

DTN.

To investigate the halogen substitution effect on the
(SCO)
with

anionic  spin  crossover complexes,

azobisphenolate  ligands 5,5’-dihalogen
substituents from fluorine to iodine were synthesized,
and their anionic Fe'! complexes 1F, 1Cl, 1Br, and 11
were isolated. The temperature dependence of
magnetic susceptibility and crystal structure revealed
that 1F, 1Cl, and 1Br are all isostructural and exhibit
SCO with the rotational motion of the cation and
ligands, whereas 11 shows incomplete SCO. Note that
1Cl and 1Br showed irreversible and reversible
cooperative SCO transitions, respectively. Short

I

intermolecular contacts between the Fe™ complex

anions were found despite Coulomb repulsions for all
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the complexes. The topological analysis of the
electron density distributions revealed the existence of
X---X halogen bonds, C—H---X, C-H--*N, and C—
H---O hydrogen bonds, and C—H- - interactions are

evident. The dimensionality of intermolecular

interactions is suggested to be responsible for the
cooperative SCO transitions in 1Cl and 1Br, whereas
the disorder due to the freezing of ligand rotations in

1Cl is revealed to inhibit the SCO cooperativity.
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Infrared Technologies
(IW-FIRS2024) and
Symposium on Frontier
of Terahertz Science XI
(S-FTS2024)
2024.11. | fEHKEE Oral | %5 63 [HIE AL Y | CsFeCly D% 8 4550 m555 ESR & 11
2-4 A T RS
SEST2024
2024.12. | & X 7= EiTAT Oral | %20 BIE A% | CsFeCl; DRk <A
13-14 )
2024.12. | K FMVENF | Oral | WBIGFEF PRI BB | AP RFICEIT DR 2% EAMRIR THz
16-18 e 19 [E58k65 7 4+—T 4 | ESR OHEE
PRI/ SN
100 J& 4]
2025. (EbNE Oral | JNAHSTERLGE - &+ | CsFeCly DT 7~/ Stk ESR
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1.31 [l E AT FE 2 (5 22 (7]
TRAM IS e B
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IR 2024. GURPNES Oral | Z2\DEAF I U A | 22 DX AFI7ALH LTI 5
H. Kawamura | 6.3-4 EHTREIEBLS | M
=
2024. Ay E KA Oral | New Frontiers in Chirality selection and spin-wave
8.5-9 Advanced Magnetism propagation in breathing-kagome
2024 antiferromagnets
2024. NIA Oral | Workshop on Innovative | Chiral symmetry breaking and spin-wave
12.1-6 Nanoscale Devices and propagation in breathing-Kagome
Systems (WINDS) 2024 | antiferromagnets at zero field
TR A et 2024.10. | fmHKEF Oral | The 9th International Development and Application of High
T. Sakurai | 19-23 Workshop on Far- Pressure THz Electron Spin Resonance
Infrared Technologies Measurement Technique
(IW-FIRS2024) and
Symposium on Frontier
of Terahertz Science XI
(S-FTS2024)
2025. R Oral | JRHHHGERG - B+ | CsCuCly D) T ESR #lliE
1.10 — DI R DR R A I
WK OMF7E
HMES | 2024, ME RS Oral | Z2 {MOZAFIVALH | HL AR T e AR
H. Kikuchi | 6.3-4 MRS T FE
2025. (LR NES Oral | INHHERDE - &Y | 77 AR —MEMEIR MCus OH)6Cl, D
1.10 — DX DEEN RS | PS5
WetEAR D 7E 2
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Presentation by Graduate Students and Postdocs

Bek, WA DEFER

REHE | BRE 7| B FR4 ARl R H
K4 | e
ANRBERE | E TR OKHE M1 | 2024.9. | 2024 FEe(b A e IF[H] 53 /% EPR {512 J DM R L il oD 1
Y. Kobori 3-5 IEHERE D fiA ]
SR M2 | 2024.9. 2024 AV R RS Transient EPR study of intramolecular
3-5 exciton hopping contributing to triplet-triplet
annihilation
TS M2 | 2024.9. 18th International Symposium | Time-resolved EPR study of intramolecular
15-19 on Spin and Magnetic Field exciton hopping contributing to triplet-triplet
Effects in Chemistry and annihilation-based photon upconversion
Related Phenomena
AT YR M2 | 2024.9. 18th International Symposium | Elucidation of Initial Charge Separation
15-19 on Spin and Magnetic Field Structure in Y-series Non-Fullerene Acceptor
Effects in Chemistry and Based Organic Thin Film Solar Cell by Time-
Related Phenomena Resolved EPR and Pulse EPR
AR M2 | 2024.11. | %5 63 BB ALY AT R | Y B&EIET7S5— Lo T e 2 —% W=
2-4 ””\E/\ 1% B G e L 0D DIt FRLART 43 A S ke ] O
fig EPR {£&/%L A EPR VAIC L8
FET PR R M1 | 2024.11. | % 63 [AIFE AL A=A | BEES iR EPR 154 W=7 Rt 4=
2-4 FRER ~—IZBT 55 TN —EHFhE 75RO
BEAE AR AT
FLPN M1 | 2024.11. | &5 63 [T T ALY A= R | BEESMR EPR EIC DML K
2-4 SO A O i B
FH e M1 | 2025.3. | HA(LRE 105 BFFES | K 0ff EPR E2 253 1N — B )
26-29 (2025) L 1oy D FEAE ST
B YRR M1 | 20253, | HAALZERE 105 BEFES | RO EPR IEIZEDMERBRLAREED I
26-29 JEFERE DR
B A B4 | 2025.3. H AL ZFE 5 105 [B1F:Z4E | Effect of molecular motion on electron spin
26-29 23(2025) polarization in the photo-excited
chromophore radical systems of molecular
spin-qubit candidates
MlELE | sk D1 | 2024.7. The 29th TUPAC Symposium | Single-particle photoluminescence imaging
T. 14-19 on Photochemistry of organic-inorganic perovskites in aqueous
Tachikawa solution
NS D1 | 2024.9. 2024 AV F R In situ observation of self-healing behavior of
3-5 organic-inorganic perovskites under dynamic
equilibrium
[EENEZEEN D1 |2024.9. | 2024 FAbF R FRT — 2 TR A B Lo~ ~ ¥
35 IR ST 515
K+ Dk
FH oL M2 | 2024.9. | 2024 FEIACFE R RS N AEAR AT T ZHA DN
3-5 AER RTINS 7
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R M2 | 2024.9. | 2024 bR R S RN @RI T T AT 7 53 R D
3-5 bz "I REL T D~~~ A A MO BHFE
mHHE MI | 2024.9. | 2024 FEe b Rtime HNal;FAR<aT 29 Ak BaZrS; D HL—
3-5 B2 B
ERAER | ML | 20249, | 2024 “E A LSRR PET 43 fif#Ii%58 O H—Ri - HOEBLHI
3-5
(ELT PN M1 | 20249. | 2024 b bRt B —Ri7-orfeikA V2 CdS /U A% D
3-5 T VT S AT I AT
FH RS M2 | 2024. MFRZIERAR L2 — | TIRTF I 3R D i h 5 « iRm0 72 1k
12.24 FFTRTATWIER 2024 | (LRIEZFEB T D~~ ZANCBEROBAFE
VIR DI | 20253. | 2025 4E55 72 RIS FHAELSE | BB LASSO [ERHZ LB % T HN—F~
14-17 | AT ~ S AN it T8
rNE st D1 | 2025.3. ACS Spring 2025 Meeting & | Self-healing ability of perovskites under
23-27 Expo dynamic equilibrium explored by single-
particle spectroscopy
PR E D1 | 2025.3. A AR5 105 FZ=4E4 | Photocurrent Prediction in Multi-Element-
26-29 (2025) Doped Hematite Photoelectrodes Based on
Machine Learning
R M2 | 2025.3. | HAMLZARE 105 BRFER | TIRTFT w7 5O @@ RIS dsh =
26-29 (2025) TRRAV USRS & B~ 2 A NI FERERD
&
HHEDE ML | 20253. | HALERE 105 BFFR | BaZeS; BRUCIIT DRALE L RHEDRE
26-29 (2025) i
EMHAE | ML | 20253. | BA(LSRE 105 BFES | PET O ffREEBUS O R A2 T
26-29 (2025)
IR T | Gk D3 | 2024.6. | 39th Symposium on Chemical | The study of trans-stilbene S;<—Sy transition
S. Kasahara 12-14 Kinetics and Dynamics by High-Resolution Laser Spectroscopy
S=v 78 | M2 | 2024.6. 39th Symposium on Chemical | The analysis of S;«—S electronic transitions
UN 12-14 Kinetics and Dynamics in Fluorene by using high-resolution laser
spectroscopy; perturbation analysis in 204
cm’! band S;«<Sy transition
KEARFK | M2 | 2024.6. | 39th Symposium on Chemical | High-resolution Laser spectroscopy of Si«<S
12-14 Kinetics and Dynamics electronic transition of carbazole
IENZ D3 | 20249. | % 18 mI5 TR FRTRE Gy e Tz s fRRE S LRI &%
18-21 2024 trans-AF R D S1e—So B DL
=y 7R | M2 | 20249, | 518 Iy FRYERR AR ARREL — V=3 KL DT VAL D
US 18-21 2024 S1=So B 204 cm! NURIZH T HEHE)
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7K D3 | 2024.12. | %525 [l F-or Yemf e ranaf 7 AL D S1—S BB O & T FIEA
6-7 TNV ORRENT
S=w ¥ | M2 | 2024.12. | 5B 25 [E5y 1o AR TNAVL D S1—So BB D @ s fiEReL —
US 6-7 —436: 204 em N RIZET BB OfEHT
REARFK | M2 | 2024.12. | 55 25 [y 10 Jebf7E s B RREL — Y — ot Ly —
6-7 LD Sy—So B DT
ARRE | REKE M2 | 2024. 550 [BIZERSy TR | SRR RAAL L TULZiS ABC M
T. Kimura 6.21 25 3 BEIAEMGRE YV | AR —4%— BhuUV-T Ok o i
ANDZYEN
o1 B 2 M1 | 2024. 250 [EIE MRSy TR FRER | ABC RV AR —4—BhuUV-T O~ A
6.21 20 3 BIAEMERAEY Y | BT DB DERS - RIEWLIL S5 Y
R Ly fie A
HATK M1 | 2024. % 50 BRSSP RFRER | SR bsD2 ORESREMERHMIZE 5%
6.21 =5 3 FEMme BT | Bl ECR O S
RIT
o1 BE 3 M1 | 2024. %24 [0 A AEAEFRF4S | UV/visible absorption spectroscopy of the
6.11 early steps in heme transport of the ABC
transporter; BhnuUV-T
11 BE 2 M1 | 2024. £ 36 IR L P H S | ABC hFU AR —4—BhuUV-T O~ A
9.10 IS5 4 BEmAERE | ERT
HEmEARIRS
EAKEN | @A D3 | 2024.7. 427 SPP Physics Conference | Dielectric Relaxation of Phospholipid
K. Tominaga 3-5 (SPP2024) Bilayers in the Gigahertz and Terahertz
Frequency Regions
AT, D3 | 2024. 2024 B LR RS BB ERE~OEEERLRT 9-7 ) —
9.3 WIS — VR DV PR AR T
R Ve Sl TR 1200 2
TEE Research 2024.10. | £ 46 [FIRIRAL L R YT | FHES HIEB L ORI HIEIC L OIS
Support | 23-25 A TR (TD VR A N— V) DB E) A4
|Assistan *E Ey’ﬂ%jﬂa:
AR D3 | 2024. URDYNIT T OFE | R R IEE FO U AR E OBUK
10.17 D S X1 PR 2K FNK L AT ZADATHE
(RA2HZ—)
577 S Ml | 2024. HFT7RTATHIIES 2024 | BT GHz~THz #7361 /Ny FiR IR D
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r
e e At M1 | 2024. BF7ATATIEE 2024 | R BEHEBRFEEROEIRB AT ML O 5E
12.24
SEEF S 3 Researc] 2025.3. Second Symposium of “Asian | Temperature Dependence of Dielectric
Support | 16-18 Research Network for Response of Deep Eutectic Solvent of Lauric
|Assistan Terahertz Molecular Science” | Acid and Menthol from sub-GHz to THz

Frequency Range
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S &R MI1 | 2025.3. Second Symposium of “Asian | Analysis of complex dielectric spectra of
16-18 Research Network for small-molecule-liquids in the sub-GHz to
Terahertz Molecular Science” | THz region
[ B4 | 2025.3. Second Symposium of “Asian | Analysis of the Hydration Dynamics of
16-18 Research Network for Polyvinylpyrrolidone by Broadband
Terahertz Molecular Science” | Dielectric Spectroscopy
Prajit Kumar | post | 2025.3. Second Symposium of “Asian | Probing the Effect of Phonons in Charge
Singha doc | 16-18 Research Network for Transport Characteristics of All Inorganic and
Terahertz Molecular Science” | Hybrid Perovskite Nanocrystals
EERE | @k D2 | 2024. 55 73 [BlE o FHRR RS Study on crystal structure and Brill transition
H. Sato 6.5 of polyamide 6 using low-frequency
vibrational spectroscopy (I BB 55 K1k
EAWTZRIT IR 6 O it s 7 Vs
B ORFE)
& HY 5 M1 | 2024. 870 Bl TareREs | IREGEE WAL O IZ BT 5
7.12 (e 7) YT F LT Pt DRSS T2
WF5E
B33 D2 | 2024. 70 BlE SRS Study on Brill transition of polyamide 6 using
7.12 (FR ) low- and high-frequency Raman
spectroscopy
IEE-T M1 | 2024. 270 Bl IR RS | 2D BEUN3D Ivr vy SICLHRIER
7.12 (P =) 132 ROy R R O AT AL
IHEBEE M1 | 2024. HFTRTAT IS 2024 | T~ 4RI R D P(BHB) B LU P(3HB-
12.24 co-4HB) DR 53 f M D R AT
ELEd ) M1 | 2024. HFTRCTATWIER 2024 | IRENV D HIEICL DRV T F LTV ~—bD
12.24 i i 2 &2 DWRE Sy FRME D FHA
IS D2 | 2024. FEF7urT 4T HFSE4 2024 | Study on Brill transition of polyamide 6 using
12.24 Raman spectroscopy and quantum chemical
calculations
MOEEAE M2 | 2024. FFTRCTATIIIEE 2024 | T~ 00tk e B BT 2 VTR 70
12.24 L DI LR
gL HfnE B4 | 2024. ESR JGHFHIAIZES, N | ZF AT ) =N E LI ITA
A. Tani 1221 | kot r AERIERE | LB AT AL 0%E)
=, Iq4vary- b7y
U WL, 2024 R A[R]
W2
B fHE | D3 | 2024 ESR JEHEHAIIFSES, AV | HiRT =—U 7 EBRICLD v SRIBHZLT-
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U WIS, 2024 FEEE A[R]
W2
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ke —BH | M2 | 2025. Second Symposium of “Asian | THz spectrum observation of magnesium
3.16-18 Research Network for chloride hydrates by high-frequency accurate
Terahertz Molecular Science” | CW GaP terahertz spectrometer
Sk E | M1 | 2025 EXULFRE 92 AR TNAX L RURAR=Y DA TF AL T8
3.20 TEREEET VRS L — M A ARAIA DA
B E ) B R
KISE | BT M2 | 2024.9. H AR BA A 79 [BAER | a7 20 A MNE{EY) BigsPbesCoOs ® ESR
S. Okubo 16-19 K22(2024 4F) HE
FAFS @R M1 | 2024.9. H A 74256 79 [RIAFEIR A KR v RS CuB,04 @ ESR HIE
16-19 £3(2024 4F)
T M2 | 2024.9. HAM B2 79 [BIAER | S=1/2 B F-REMEAR CoHsN2CuBry @ ESR 12
16-19 23(2024 4) X Hhkge
HH EAE M2 | 2024.9. HARWBEL A2 79 IRk | BUC O T THz A7 3RIIC L
16-19 £(2024 4F) DGR
FAR o M1 | 2023. 55 2 BIEVE H RS ALS: | A & 4R U EEER CuB,0s @ ESR HIE
9.19 WFZe4: (55 11 [P 1 A5
SR a)
& HEF M2 | 2023. 52 (BB H AIREGS AL | S=1/2 B FREMEIR CoH 1sN2CuBry @ ESR 12
9.19 fFgess (5 11 [B175 0 ARSREE | K D48
SR )
B M2 | 2023. 52 A B HAREGS RS | a7 A A MEE{EY BigsPbosCoOs; D
9.19 fFgess (56 11 [B176 H A58EZ | ESR JIE
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S EAE M2 | 2023. 2[RI PE 0 ARG RS | BUSOES) T THz A 7abar hgick
9.19 W74 (55 11 [BI78 H AR9REE | 20F98
SR Es)
S A M2 | 2024.10. | 5533 [ (2024 425%) HA | THZ IRICBITHESIFHA 7 br v
10-11 IR SURE RS KB KR O
T HE M2 | 2024.10. | %33 [0] (2024 %) HA | S=1/2 & B CoHigN.CuBry O 7 X
10-11 IR SU R RS U Jk ESR
AR R M1 | 2024.10. | 5533 [8] (2024 /%) HA | =A% o —R 7 M mperE A
10-11 RN F A IR R SrCu(OH);Cl ™7 7~/ ESR &
TE KR M1 | 2024.10. | 33 [\ (2024 FF-E) HA | XA VEL RNV HLEHWCEELET
10-11 IR AR RS TOREBEEEEFAL LB DD
T BRI
PHESEAT | ML | 2024.10. | 5533 [m] (2024 AF1E) HA | THz SUIRICH T 2 @) #s ESR JIE
10-11 IR G R RS Fefr D BEZE & s H
S P M1 | 2024.10. | 5533 [ (2024 42/%) HA | 3D 7Y 2 —% MW7 7~/ ESR
10-11 IR G R RS HEEB LORFFR T OB
LHEAN M2 | 2024.10. | 5533 [ (2024 425) HA | 3D 7'V 2 —TIEDFEHEFICmIT T2
10-11 IR SU R RS FCETEDRFSE 2
A FHEI M2 | 2024.10. | 9" International Workshop on | THz ESR measurements of the perovskite
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Far-Infrared Technologies
(IW-FIRS2024) and
Symposium on Frontier of
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Terahertz Science XI (S-
FTS2024)

SR M1 | 2024.10. | The 9th International Development of terahertz ESR system and
16-18 Workshop on Far-Infrared optical devices using a 3D printer
Technologies (IW-FIRS2024)
and Symposium on Frontier of
Terahertz Science XI (S-
FTS2024)
1K Ml | 2024.11. | B3 EIETFAL YA | XATYELSRNV FLEHNCBEEFT
2-4 ¥ R SEST2024 D E ESR JIE D7D O HEABR %
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2-4 VA SEST2024 7%
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)
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S H R M1 | 2024. HETRT 4TS 2024 | HIE 3D TV —E ORI - S E
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AR5 M2 | 2024.9. | 85 EUSHEFRKE | ISHIET 7~V IRERESIEIR Y T )
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FHRE IS M2 | 2024.10. | 9" International Workshop on | Electromagnetic field analysis of nested U-
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(IW-FIRS2024) and
Symposium on Frontier of
Terahertz Science XI (S-
FTS2024)

terahertz oscillating magnetic fields
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Atsushi Tani, Shusuke Isogai | Observation of radicals in clathrate | JEOL NEWS 59 (1), 31-35 2024
hydrates and silica clathrates
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Seminars I —
Date Name Affiliation Title Seminar name
2024.7.5 Snehasis Indian Institute of Unlocking the Mysteries of
Daschakraborty | Technology Patna, Supercooled Water: Translational
India Jump-Diffusion Approach in
Explaining the Dynamical Anomalies
2024.723 | /NEDF T FONREEVERTIERT | DEERIFE N HOWTER L BARB | 55 3 [ Bl s G
FLZ DG =
2024.8.2 Peng Chen Cornell University, Single-molecule chemistry: from
USA single-polymer sequencing to bacterial
efflu
2024.9.26 | Samrat Indian Institute of Biological Phase Transitions: Where
Mukhopadhyay | Science Education and | Chemistry and Physics Meet Biology
Research (IISER)
Mohali, India
2024.11.7 | Malcolm D. E. | Bowling Green State Influence of topology, architecture, and | Design and control of
Forbes University, USA environment on spin polarization quantum coherence -1
transfer: implications for quantum ab— L ADKEHE
information science HIENC B9 B ek
7
2024.11.7 | Masaaki National Institutes for | Femtosecond exciton dynamics in Design and control of
Tsubouchi Quantum Science and | light-harvesting chromoproteins of quantum coherence -£F
Technology cyanobacteria: energy transfer and ab— L RADHREE
quantum coherence HIENZ B3 B ik
/ﬁ\
2024.12.12 | Peter Hamm University of Zurich, | 2D-IR Spectroscopy Is All About

Switzerland
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