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Photoinduced Electron Transfer and Hot Electron Relaxation in CdSeS Quantum Dots-
Squarylium Derivative Hybrid Systems (School of Science, Kwansei Gakuin University) O
Takumi Sano, Moe Yamamoto, Daichi Eguchi, Naoto Tamai

The effective utilization of hot electrons has attracted much attention for its potential to
increase photo-energy conversion efficiency. While electron doping of quantum dots (QDs) has
been reported as a method to delay the hot electron relaxation, its precise effects remain unclear
due to simultaneous changes in various factors such as surface states caused by strong reducing
agents. In this study, we constructed a hybrid system of CdSeS QDs and squarylium dyes, and
examined the dye-sensitized electron doping into QDs by fs transient absorption spectroscopy.
Keywords : Semiconductor Quantum Dot; Hot Electron; Photoinduced Electron Transfer;
Squarylium Dye
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1) J. Wang, L. Wang, S. Yu, T. Ding, D. Xiang, K. Wu, Nat. Commun, 2021, 12, 550.
2) G. Tang, X. He, M. Liu, H. Hao, Y. Liu, F. Jiang, J. Phys. Chem. C., 2024, 128, 8681-8688.
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Pressure Dependent Photophysical Properties of CdSe Quantum Dot Superlattices (' Graduate
School of Science and Technology, Kwansei Gakuin University, * Japan Synchrotron Radiation
Research Institute) OTaiki Yamashita,' Daichi Eguchi,' Hiroshi Sekiguchi,” Naoto Tamai'

Superlattices of semiconductor quantum dots (QDSLs), which are periodic structures of
semiconductor quantum dots (QDs), exhibit photophysical properties distinct from those of
individual QDs owing to the hybridization of wave functions between neighboring QDs. The
distance between neighboring QDs is a crucial factor in the emergence of these properties. In
this study, QDSLs fabricated from CdSe QDs of varying sizes were subjected to high pressure
using a diamond anvil cell, and their pressure-dependent photophysical properties were
investigated. Small-angle X-ray scattering measurements were performed under applied
pressures, and the relationship between the distance between neighboring QDs and
photophysical properties is discussed.

Keywords : Superlattice; Diamond Anvil Cell; Cadmium Selenide Quantum Dot
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1) D. Kim et al, Nano Lett., 2015, 15,4343. 2) Y. C. Cao et al, Angew. Chem. Int. Ed. 2008, 47, 8638. 3)
P. Mulvaney et al., J. Phys. Chem. C, 2023, 127, 8657.
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Effect of Surface States on Elementary Exciton Processes of Metal ion-doped InP Quantum
Dots (School of Science, Kwansei Gakuin University) O Miku Taniguchi, Ayari Yamada,
Daichi Eguchi, Naoto Tamai

In semiconductor quantum dots (QDs), it has been reported that metal-ion doping into QDs
suppresses the relaxation process of hot electrons. While the surface states of QDs significantly
influence elementary exciton processes due to their large surface-to-volume ratio, their impact
on metal ion-doped InP QDs remains unclear. In this study, we synthesized metal-ion-doped
InP QDs with varying surface states and investigated their elementary exciton processes using
femtosecond transient absorption spectroscopy.

Keywords : Indium Phosphide Quantum Dods; Elementary excition process, Ultrafast
spectroscopy, lodine; Surface passivation
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Elementary Exciton Dynamics of Metal Ton-doped InP and CdSe Quantum Dots ('School of
Science and Technology, Kwansei Gakuin University, 2Graduate School of Science, Tokyo
University of Science, *IMRAM, Tohoku University) O Ayari Yamada,'! Daichi Eguchi,'
Tokuhisa Kawawaki,? Yuichi Negishi,®> Naoto Tamai'

The electronic structure of semiconductor quantum dots (QDs) is discretized due to the
quantum size effect, and hot carriers generated by photoexcitation undergo rapid relaxation via
Auger cooling. It has been reported that the doping of transition metal ions into QDs results in
ultrafast hole transfer from QDs to doped ions, thereby suppressing Auger cooling and delaying
hot carrier relaxation. This dopant effect has been well established for CdSe QDs, but its effect
on III-V semiconductors remains unclear. In this study, we synthesized CdSe and InP QDs,
doped them with heterogeneous metal ions, and analyzed their elementary exciton processes
using femtosecond transient absorption spectroscopy and XAFS measurements.

Keywords : Indium Phosphide Quantum Dot; Cadmium Selenide Quantum Dot,; Elementary
Exciton Process, Femtosecond Transient Absorption Spectroscopy; X-ray Absorption Fine
Structure
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1) L. Wang. et al., Nat. Commun. 2019, 10, 4532. 2) M. Lim. et al., Nanoscale 2019, 11, 10463.
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Temperature and Solvent Dependence of Elementary Exciton Processes in CdSe Nanoplatelets
(!School of Science, Kwansei Gakuin University) OFuka Abe, Junseo Lee, Daichi Eguchi,
Naoto Tamai

Colloidal nanoplatelets (NPLs), nanocrystals only a few atomic layers thick, have a thickness
dependent electronic structure. Unexpectedly, we found that the emission color of CdSe NPLs
changes at low temperatures and that this behavior is solvent-dependent. In this study, we have
analyzed the temperature and solvent dependence of elementary exciton processes in CdSe
NPLs to reveal the above phenomena by femtosecond transient absorption spectroscopy and
picosecond luminescence spectroscopy.

Keywords : CdSe Nanoplatelet ; Elementary Exciton Process ; Femtosecond Transient
Absorption Spectroscopy ; Picosecond Luminescence Spectroscopy
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Synthesis and Composition Dependent Exciton Dynamics of CdiZni«Se Nanoplatelets
(Graduate School of Science and Technology, Kwansei Gakuin University) Junseo Lee, Daichi
Eguchi, Naoto Tamai

Alloyed semiconductor nanoplatelets (NPLs) exhibit thickness- and composition-dependent
luminescence bands with narrow linewidths compared with quantum dots, garnering significant
attention for applications in LED and laser devices. Understanding Auger recombination is
important for such applications; however, the influence of chemical composition remains
unclear in alloyed NPLs. In this study, CdxZn;—xSe NPLs with various chemical compositions
were synthesized via cation exchange from Cd to Zn in CdSe NPLs, and Auger recombination
was investigated using femtosecond transient absorption spectroscopy. An increase in Zn
content within alloyed NPLs led to a shortening of the biexciton Auger recombination time
constant. The final density of states of the alloyed NPLs was larger than that of the CdSe NPLs
due to their heavier effective masses, which is a critical factor in Auger recombination.
Keywords : CdZnSe Nanoplatelet, Cation FExchange, Transient Absorption, Auger
Recombination
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1) D. E. Yoon ef al., Chem. Mater. 2022, 34, 9190-9199.
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Development of electromagnetic wave-absorber in the sub-
terahertz wave region based on lambda-trititanium-pentoxide

(Graduate School of Science, University of Tokyo) OKosei Okuzono, Tomu Otake, Yuna
Tsuzuo, Marie Yoshikiyo, Asuka Namai, Shin-ichi Ohkoshi

Keywords: Lambda-trititanium-pentoxide, Sub-terahertz waves, Electromagnetic wave
absorption

Sub-terahertz waves are increasingly being utilized as carrier waves for wireless
communication because of their high functionality, performance, and speed of electric devices.
At the same time, electromagnetic wave-absorbers are required to ensure information security
and to avoid interference issues in the sub-terahertz range. In the present study, we report the
investigation of an electromagnetic wave absorber in the sub-terahertz wave region by
fabricating a composite material based on lambda-trititaniumu-pentoxide (A-TizOs) and
insulating TiO. A-TizOs, which was discovered in our laboratory in 2010,! exhibits various
functionalities such as light-induced phase transition and heat-storage properties (Fig. 1a).>* In
addition, A-Ti3Os shows metallic conductivity. Therefore, it is expected to exhibit high
dielectric values when combined with insulating materials.

The composite of A-TizOs and TiO: (A-Tiz0s@TiO,) was prepared by mixing these
materials with the ratio of 7:3 in water and ethanol and drying at 60 °C overnight. Morphology
of the obtained A-Ti;0s@TiO, was observed by scanning electron microscopy (SEM), which
showed that the coral shaped A-TizOs was fully covered with TiO, nanoparticles. Rietveld
analysis of the powder X-ray diffraction pattern indicated that the sample is composed of 51.9%
A-Tiz0s, 18.1% B-Tiz0s, and 30.0% TiO, (Fig. 1b). A metal-backed electromagnetic wave
absorber was prepared by pressing the A-TizOs@TiO, composite to a metal plate and the
reflectance loss was measured by terahertz time-domain spectroscopy. The thickness of the
absorber was 257 um and the absorber showed a strong absorption peak at 422 GHz with a
reflectance loss value of 37 dB (Fig. 1¢). A flexible absorption film of A-Ti30s@TiO» embedded
in polyvinylidene difluoride was also prepared and evaluated.
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Figure 1. (a) Crystal structure of A-TizOs. (b) XRD pattern of A-Ti305@TiO». (c) Reflection loss
spectrum of A-Ti305@TiO»

[1] S. Ohkoshi, et al. Nature Chemistry, 2, (2010). [2] H. Tokoro, et al, Nature Communications, 6,
(2015). [3] S. Ohkoshi, et al. Chem. Commun., 59, (2023).
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Photoluminescence property of a highly symmetric gold cluster capped by
bis(benzo[b]phosphindole)ethane ('Graduate School of Science, Osaka Metropolitan
University, ? Graduate School of Science, The University of Tokyo) OKatsuya Mutoh!, Teppei

Yahagi!, Sonomi Kawakita!, Ken Tanaka!, Shinjiro Takano?, Tatsuya Tsukuda?, Takuya
Nakashima'

Atomically precise metal clusters possess unique electronic structures characterized by
discrete energy levels similar to those of atoms and molecules. The ligand-superatom core and
ligand-ligand interactions play a crucial role in controlling the HOMO-LUMO gap and the
excited-state dynamics of clusters. In this study, we synthesize an Ir@Au;, superatom capped
by a diphosphine ligand, bis[benzo[b]phosphindole]ethane. Single-crystal X-ray diffraction
analysis reveals the highly symmetric icosahedron of Ir@Aui, superatom. Owing to the
expanding optical gap and the restricted molecular motions of ligands, the
Ir@Aui> superatom exhibits the excellent PL quantum yield (87%).

Keywords : gold cluster, superatom, photoluminescence
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TR 596 nm, E IR 87%DIRFE Iz R~T Z & g
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L CWD I ENRIE I T,
1) Y. Shichibu, K. Konishi, Small 2010, 6, 1216.
2) D.A. Buschmann, H. Hirai, T. Tsukuda, /norg. Chem. Front. 2024, 11, 6694.
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Photoreactivity of Organometallic lonic Plastic Crystals with Cyanoborate Anions

(!Graduate School of Science, Kobe University, *Research Center for Membrane and Film
Technology, Kobe University) ORyota Inoue', Haruka Koshino!, Tomoyuki Mochida'-

In recent years, ionic plastic crystals have been actively studied, but their chemical reactivity
remains unexplored. In our laboratory, we have developed numerous ionic plastic crystals with
cationic sandwich complexes. In this study, we investigated the photoreactivity of these salts
to explore the chemical reactivity of ionic plastic crystals. As a result, several salts led to the
formation of cubane-type tetranuclear complexes upon UV photoirradiation in the ionic plastic
crystal phase. In contrast, UV photoirradiation in the crystalline phase exhibited significantly
lower photoreactivity.

Keywords : Ruthenium Complexes, Phase Transitions, Plastic Crystals, Photoreaction
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Thermal Properties of Onium Salts Containing Polycyano Anions: Ionic Liquids and Plastic
Crystals (‘Department of Chemistry, Graduate School of Science, Kobe University, *Research
Center for Membrane and Film Technology, Kobe University) O Yosuke Nakazono,'
Tomoyuki Mochida'*?

In this study, quaternary ammonium salts with C(CN)3; or B(CN)4 anions were synthesized
to investigate the influence of anion shape on their phase behavior. Among the six salts
synthesized, two of the three C(CN); salts formed ionic liquids, whereas all three B(CN)4 salts
exhibited an ionic plastic crystal phase. Additionally, salts with larger cations were found to
have lower melting points. These results demonstrate significant differences in phase behavior
that are dependent on the anion.

Keywords : lonic Plastic Crystals; Polycyano Anions; Thermal Properties; lonic Liquids;
Quaternary Ammonium Salts
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Fig. 1 Structure formulae  Fig. 2 Phase sequences of 1a-3b. The asterisks represent
of (a) cations and (b) anions  plastic crystal phases.
used in this study.
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Synthesis and Thermal Properties of lonic Plastic Crystals Containing Cationic Half-Sandwich
Ru Complexes ('Graduate School of Science, Kobe University, *Research Center for
Membrane and Film Technology, Kobe University) OSota jiri', Ryota Inoue', Tomoyuki
Mochida'?

Our laboratory has developed ionic plastic crystals containing half-sandwich complexes. In
this study, we synthesized salts composed of a simple cationic half-sandwich Ru complex and
various anions, and investigated their thermal properties and crystal structures. The CPFSA salt
underwent a phase transition to an ionic plastic crystal phase at around room temperature.
Keywords : Ruthenium complexes, Plastic crystals, Phase transitions, Crystal structures
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1) R. Inoue, R. Sumitani, H. Honda, D. Kuwahara, Z. L. Goo, K. Sugimoto, T. Mochida, Inorg.
Chem., 63, 14770-14778 (2024).

© The Chemical Society of Japan - [C]C303-Tam-11 -



[C]C303-1Tam-12 BALES B1055FES (2025)

TF-AUERE ) ORA—N\—8(INEADO S FRIEEER L
BEHOIERM

(PR RBEER '« #F RAFJERAEE 2 - M ROF 7+ 8 °) ORE %' - 3 dud -
KH A= & &'

The correlation between intermolecular interactions and transition behaviors in anionic spin
crossover iron(Ill) complexes ('Graduate School of Science, Kobe University, *Research
Facility Center for Science and Technology, Kobe University, *Molecular Photoscience
Research Center, Kobe University) O Mai Hirota!, Takahiro Sakurai?, Hitoshi Ohta®,
Kazuyuki Takahashi*

We reported that anionic iron(III) complexes with halogen-substituted ligands 1-F, 1-Cl, and
1-Br exhibit spin crossover (SCO) . In this study, we report the crystal structures and properties
of a new polymorph B-1-Br and an iodine-substituted complex 1-I. Crystal structure analysis
and magnetic susceptibility measurements revealed that 3-1-Br is isostructural to 1-F and 1-
Cl and exhibits SCO with rotational motion of cations and ligands. On the other hand, 1-I
showed an incomplete SCO. The topological analysis of electron density distributions revealed
the presence of X---X halogen bonds, C-H---X, C-H---N, C-H---O hydrogen bonds, and C-
H---m interactions, which are suggested to be responsible for the cooperative SCO transition in
B-1-Br °.

Keywords : spin crossover, iron(lll) complex, anionic complex, intermolecular interaction,
cooperativity
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2) M. Hitrota et al., Molecules, 2024, 29, 5473.
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