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Improvement of photoelectrochemlcal hydrogen evolution activity by flux synthesis of near-
infrared responsive CuaSng 33Ge 62S;3 crystalline particles ('Shinshu University, *The University
of Tokyo) O Yosuke Kageshima,' Tatsuya Kanazawa,' Katsuya Teshima,' Kazunari Domen,'*?
Hiromasa Nishikiori'

We have demonstrated photoelectrochemical (PEC) hydrogen evolution from water using
CuSn,Ge 1S3 (CTGS) particulate photocathodes.! These materials possess tunable bandgap
energies according to the Sn/Ge ratio, and respond to long wavelength light up to the near-
infrared region. However, the CTGS particles synthesized via a conventional solid-state
reaction (SSR) had undefined morphologies with wide size distributions ranging from the
submicron to micron order. Thus, there should be a room for improvement in PEC performance
of CTGS photocathodes by improving crystal qualities. In this study, high-quality CTGS (x =
0.38) crystalline particles were grown through a flux method. CTGS synthesized via a flux
method showed higher photocurrent than the SSR specimen at whole potential region (Fig. 1).
Especially for the case of LiCI-RbCI flux, the photocurrent at 0 Vrue reached to as high as
-9 mA cm?, which was approximately 3 times larger than the SSR specimen. In the
presentation, detailed characterization of the synthesized materials will also be discussed.
Keywords : Photocatalysts, Photocathodes, Hydrogen Evolution; Sulfide; Flux Synthesis
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Scan: 10 mV s’
—

LiCI-CsClI flux

LiCI-KClI flux

LiCI-RbCl flux

P‘ M PYCAS/CTGS photocathodes
under simulated sunlight
1 1 1 1 L 1

Current density / mA cm™2

T T 1T T 1T 1T 1771 T \j\ T
- B

© The Chemical Society of Japan - [C]C403-1pm-01 -



[C]C403-Tpm-02 BAILES B1055FES (2025)

Site-selective photodeposition of gold nanoparticles on the edges
of ZnO nanowires

(*Graduate School of Science and Engineering, Kindai University, *Emeritus Professor of
Kyoto Institute of Technology, ‘Institutes of Innovation for Future Society, Nagoya
University, *Department of Applied Chemistry, Faculty of Science and Engineering, Kindai
University) O Yaozong Yan,' Hisayoshi Kobayashi,> Hiroaki Tada, * Tetsuro Soejima*
Keywords: Photodeposition, Gold nanoparticles, ZnO nanowire

Selective modification of chemically active sites on supports, such as steps, edges, and
corners, with metal nanoparticles (NPs) is a challenging topic in the fields of catalysis and
photocatalysis. Focusing on the support, rapid progress is currently being made in the
synthesis of MO nanocrystals (NCs) with well-defined facets. Their edges and corners can
be viewed as surface defects consisting of linear arrays of chemically active atoms with a
high degree of coordinative unsaturation. Therefore, selective and dense formation of metal
NPs on chemically active edges and corners should be effective for improving catalytic and
photocatalytic activities. However, the formation of site-selective, high-density metal NPs
on a support has not yet been achieved. Radial ZnO mesocrystals (rad-ZnO MC) (Fig 1a)
composed of hexagonal nanowires (NWs) with {10-10} sidewalls were synthesized by a
simple solution-phase method.! Here we show that Au NPs are densely aligned along the
edges of ZnO NWs by photodeposition from an O; free aqueous methanol solution of
HAuCl4, even though the Au complexes are uniformly adsorbed across the entire surface of
the ZnO NWs (Fig 1b). Based on the results of experiments and density functional theory
calculations, we proposed a reaction mechanism of the site-selective photodeposition
involving the reduction of the Au complex by the excited electrons instantly relaxed at the
edge sites followed by the crystal growth. This study encourages us to apply the
site-selective photodeposition to other faceted semiconductor nanocrystals and to contribute

to the improvement in their catalytic and photocatalytic activities.

8 2

Fig. 1 (a) SEM image of rad-ZnO MC. (b) SEM image of Au nanoparticle-loaded rad-ZnO MC
prepared by the photodeposition

1) Y. Yan et al., CrystEngComm. 2023, 25, 5796 — 5801.
2) Strasser, P et al., Chem. Soc. Rev. 2018, 47, 715-735.
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The Effect of Aromatic Hydrocarbons on the Visible-Light Induced Photo-oxidation of
Dibenzothiophene for Desulfurization from Fuels (' Department of Chemistry, Graduate School
of Science, Kyushu University, >Department of Applied Chemistry and Bioscience, Faculty of
Engineering, Kanagawa Institute of Technology) OTakahiro Yamauchi', Taka-Aki Shinozaki',
Yohan Ko!, Akina Yoshizawa!, Eiji Yamamoto', Haruno Murayama?, Makoto Tokunaga'

Photocatalytic oxidative desulfurization has attracted attention as a practical desulfurization
method under mild conditions. On the other hand, it has been reported that the interaction of
titanium dioxide with toluene and other aromatic compounds lengthens light absorption wavelength
of catalyst V2. In this study, we investigated visible light responsibility of titanium dioxide and
catalytic reaction mechanism of photo-oxidation of dibenzothiophene (DBT).

The model fuel was prepared by dissolving DBT in cyclohexane containing 5 vol% toluene.
Titanium dioxide (87.8 mg) was added to a quartz tube along with the model fuel (3 mL). Then, the
reaction proceeded under irradiation of a halogen lamp for 4 h with stirring. As a result, DBT was
hardly oxidized under the toluene (0 vol%) condition, which confirmed that the decrease in DBT
was mainly due to adsorption on the catalyst. However, the addition of toluene increased DBTO
and DBTO2 yields, suggesting that toluene in the model fuel contributes to catalyst activation.
Keywords : Oxidative desulfurization, Titanium dioxide, Photocatalyst, Dibenzothiophene,
Visible-light irradiation
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1) K. Imai et al., Appl. Catat. B, 2024, 346, 123745
2) T. Kamegawa et al., ACS Appl. Mater. Interfaces, 2012, 4, 6635-6639
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A Study on Electronic Structure and Performance of SrTiOs;:Rh,La Grains by Photoelectron
Spectroscopy and Kelvin Probe Method (‘Society of Photography and Imaging of Japan,
’Tokyo University of Science, 3Riken Keiki Co., Ltd., *Tokyo Polytechnic University,
SARPChem.) (O Tadaaki Tani,' Yuichi Yamaguchi,? Yoshiyuki Nakajima,* Takayuki Uchida,*
Taisei Nishimi,> Akihiko Kudo?

Although STH conversion efficiency of overall water splitting (OWS) by Z-scheme system
with SrTiO;:Rh,La achieved 1.1%, it is still far from its practical target (>5%). Since the idea
to attribute the cause of its low efficiency to the enhancement of recombination by defects
could not be supported by physical properties of SrTiOs", this study was undertaken to
measure the electronic structure of SrTiOs;:Rh,La grains in order to seek for the cause of its
low efficiency and guideline for its improvement by means of photoelectron spectroscopy
and Kelvin probe method instead of Mott-Schottky plot, which was judged to be inadequate
for photocatalysts grains. It was revealed that, by doping of Rh and La, the conduction and
valence bands raised, and the Fermi level deepened, becoming to be suitable for hydrogen
evolution. The obtained result has indicated the possibility that the cause of the low efficiency
of OWS by photocatalysts with longer wavelength at their absorption edge results from their
electronic structures, and that the efficiency can be improved by controlling their electronic
structure.

Keywords : Photocatalyst; Overall Water Splitting;, SrTiOs; Electronic Structure;
Photoelectron Spectroscopy, Kelvin Probe
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1) T. Tani, Y. Yamaguchi, T. Nishimi, T. Uchida, A. Kudo, Phys. Chem. Chem. Phys., 2023, 25,
11418-11428.
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Visible Light-Driven Photocatalytic CO2 Reduction Using Hybrids
Consisting of Iron(lll) Porphyrin and Conjugated Polymer
Semiconductors

(*Graduate School of Advanced Science and Engineering, Hiroshima University,
*Department of Pure and Applied Chemistry, University of Strathclyde, *School of Science,
Institute of Science of Tokyo) oSunghan Choi', Ewan McQueen?, Kei Kamogawa’®, Kisuke
Nakao!, Sebastian Sprick?, Osamu Ishitani!

Keywords: Artificial Photosynthesis; Fe-Porphyrin; Congugated Polymer Semiconductors;
CO; Reduction; Photocatlayst

In the previous report, we described hybrid photocatalysts consisting of a conjugated
polymer semiconductor (CPS) and a supramolecular photocatalyst with high
CO»-to-HCOOH conversion efficiency. In this study, we utilized the same
poly(dibenzo[b,d|thiophene sulfone) [P10] as the CPS, which, according to density
functional theory (DFT) calculations, has a sufficiently negative reduction potential to
facilitate electron transfer to other catalysts. To promote the use of earth-abundant transition
metals, we introduced an iron-based porphyrin (FeTCPP) as the central catalytic component.
This system exhibited significant CO,-to-HCOOH conversion efficiency under
dual-wavelength irradiation. Simultaneous excitation at 470 nm and 590 nm greatly
enhanced the photocatalytic efficiency compared to single-wavelength excitation at 470 nm.
After 110 hours of photolysis, the FeTCPP/Ag/P10 hybrid photocatalyst produced 192 umol
of HCOOH, achieving a high turnover number (TONncoon) of 9645 in a DMA/TEOA
mixture solution.
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1) E. Mcqueen; N, Sakakibara, Chem. Sci. 2024, 15, 18146.
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Raman Spectroscopic Observation of Oxygen Evolution Reaction of Ni-Fe-based Electrode
(‘Graduate School of Chemical Sciences and Engineering, Hokkaido University, *Department
of Chemistry, Faculty of Science, Hokkaido University, >*JST-PRESTO) Kenko Tsuchimoto,' O
Tomohiro Fukushima,”* Masaki Itatani,” Kei Murakoshi?

Oxygen evolution reaction is the slow reaction even with the state-of-the-art catalysts. We
utilized the Ni-Fe electrode as a model system to investigate the reaction intermediate from in-
situ Raman spectroscopy. Ni-Fe electrode was electrodeposited and showing superior OER
activity than Ni electrode. Raman spectroscopy revealed that the reaction intermediate in the
OER catalysis. Raman imaging can detect the catalytic active site in heterogenous electrode.

Keywords : Oxygen evolution reaction, Raman spectroscopy, Reaction intermediates.
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Figure. (a) Raman spectra of Ni-
Fe based electrode in 0.3 M NaOH
and 0.7 M NaClO; electrolyte at
1.6 V vs. RHE. Top bold trace
represents Ax, Ay = 0 pm and 20
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Theoretical investigation for the effects of surface reductlon and water adsorption on the
catalytic CO oxidation mechanisms over Au/ZnO catalyst. (Graduate School of Science, Osaka
University) O Tomohisa Yonemori, Takashi Kawakami, Shusuke Yamanaka, Mitsutaka
Okumura

Au nanocluster supported on reducible metal oxides such as TiO, and ZnO is well known to
exhibit high catalytic activity of CO oxidation even at low temperatures below 0°C. There have
been a lot of theoretical studies on its catalytic activity of Au/TiO,, however, the reaction
mechanism over Au/ZnO are unclear. We investigated the reaction mechanism of CO oxidation
over Au/ZnO paying much attention to the effects of surface reduction and the role of adsorbed
H,O molecules using density functional theory calculations.

Activation barriers of the reaction between CO and active oxygen species on each surface
state are summarized in Table 1. These results indicate that this catalytic reaction possibly
proceeds at low temperatures in the absence of H,O molecules due to the high reducibility of
the support, and that surface reduction facilitates the catalytic activity.

Keywords : Au Catalyst; DFT; CO oxidation; Active Oxygen, Non-Stoichiometric Surface
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0=0 0—0 0—0=0 Table 1. Activation barriers (Eact) of the reaction between CO and
co 0, co, active oxygen species on each catalyst surface.
Catalyst Surface Eact (eV)  Active Species
Stoichiometric 0.24 02~
Reduced (O defect) 0.14 02~
A ' Reduced (Hydrogenated) 0.18 0%
Figure 1. Catalytlc CO
oxidation over Au/ZnO. H>O-covered 0.26 OOH™
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