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Li;S-MgS—P,Ss 2775 R EME DS & 51
(CRBRASERTE) O ZE0l - 88 KRB - Al 2K - EH 250 0 R

Preparation and evaluation of glass electrolytes in the system Li,S-MgS—P,Ss (Osaka
Metropolitan University) OHirotaka Hama, Taichi Asakura, Kota Motohashi, Atsushi Sakuda,
Akitoshi Hayashi

All-solid-state batteries are expected to be next-generation batteries with high safety and
high energy density. As solid electrolyte materials, sulfide glasses exhibit high conductivities
and excellent formability. In this study, we investigated the effects of MgS doping on structures
and conductivities of the glasses in the system Li,S-MgS—P>S:s.

The (75-X)Li,S-xMgS-25P,S, (mol%) samples (x = 0-7.5) were prepared by the
mechanochemical method. Regardless of the MgS content, the X-ray diffraction patterns
showed mainly halo patterns, and the Raman bands attributed to the PS4*~ unit were observed.
The conductivities decreased with increasing the MgS content.

Keywords : All-solid-state batteries; Solid electrolyte; Sulfide glass; Magnesium sulfide,
Lithium-ion conductor
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[1] H. Yamamoto et al., Solid State lon., 175 (2004) 707.
[2] M. Suyama et al., Electrochim. Acta., 286 (2018) 158.
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Mechanochemical synthesis of ZrO,-added NaTaClg chloride electrolytes

(Graduate School of Engineering, Osaka Metropolitan University) OTakuto Magome, Takehiro
Nakao, Kota Motohashi, Atsushi Sakuda, Akitoshi Hayashi

Solid electrolytes with high Na-ion conductivity are essential for all-solid-state sodium
batteries. Chloride electrolytes have attracted attention due to their high ionic conductivity,
excellent formability, and oxidation resistance. In this study, NaTaClexZrO, (0 = x = 2)
solid electrolytes were prepared by the mechanochemical method to increase ionic
conductivity of NaTaClg chloride electrolytes. In the XRD patterns, the intensity of ZrO»
peaks increased with increasing the ZrO; ratio, while that of the NaTaClg peak decreased.
As the amount of ZrO; increased, the ratios of the amorphous phases increased. The ionic
conductivity was enhanced with an increase in the molar ratio of ZrO; to NaTaCls. The
maximum ionic conductivity of 1.3 x 107> S cm™! was observed at the composition
NaTaCle 1.1ZrOs.

Keywords: Solid electrolyte; Sodium ion conductor; Chloride; Mechanochemical
synthesis ; All-solid-state battery,
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1) K. Motohashi et al., ACS Mater.
Lett., 6 (2024) 1178-1183. Fig. 1 Ionic conductivities at 25 °C of

NaTaClg xZrO: (0 = x = 2) electrolytes.
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Raman spectral analysis of lithium thio-phosphate solid electrolytes using first-principles
calculations (Graduate School of Engineering, Osaka Metropolitan University) (ORaku Kato,
Masato Torii, Kota Motohashi, Atsushi Sakuda, Akitoshi Hayashi

Sulfide electrolytes have been used for all-solid-state batteries because of their high ionic
conductivity and excellent formability. Although Raman spectroscopy is useful to analyze their
local structure, the Raman active vibrational modes for experimental Raman band remain
unclear. In this study, Raman spectra and vibrational modes in lithium thiophosphate
electrolytes were analyzed theoretically using first-principles calculations.

The measured and calculated Raman spectra of the B-Li;PS4 were compared. The calculated
wavenumber of the main peak (420 cm™') corresponded to the experimental value (423 cm™),
and the symmetric stretching mode of the PS>~ unit, which was reported in the previous study,
was observed. Similarly, the calculated wavenumbers and vibrational modes of other lithium
thiophosphate electrolytes were also consistent with the experimental results.

Keywords : Raman Spectrum; First-principles Calculation; Raman Active Mode; Sulfide
Electrolyte; Lithium lon Conductor
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Fig. 1 Measured Raman spectrum of LisPSs4 glass-

ceramic and calculated Raman spectrum of [B-Li3PS4

1) M. Tachez et al., Solid State Ionics, 14 (1984)
181-185. crystal.
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High-speed Video Analysis of Generated Bubbles by Hydrogen Evolution Reaction on
Nanostructured Electrodes ('Graduate School of Chemical Sciences and Engineering,
Hokkaido University, *Faculty of Science, Hokkaido University, *JST-PRESTO) O Wakako
Tao,! Daiki Sato,! Masaki Itatani,” Tomohiro Fukushima,”* Kei Murakoshi?

Hydrogen evolution reaction (HER) is one of the important reactions for water electrolysis.
In this study, nanostructured electrodes consisting of Ag nano-disks having 200 to 1000 nm in
diameter and 100 nm in height were fabricated at periodic spacing between the disks (205-
1750 nm). The bubble formation process during the HER at these electrodes was captured by
high-speed video camera (2000 fps), and Tafel analysis was performed by video analysis
considering size growth of formed bubbles.

Keywords: Hydrogen evolution reaction; Bubble formation, Nanostructure; Video analysis
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[1]D. Sato, N. Oyamada, T. Fukushima, and K. Murakoshi, J. Electroanal. Chem. 2024, 973(15) 118667.
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Observation of Bubble Generation by Hydrogen Evolution Reaction on a Cavity Arrayed
Electrode ('Graduate School of Chemical Sciences and Engineering, Hokkaido University,
2Faculty of Science, Hokkaido University, *JST-PRESTO) Oltsuki Abe,' Daiki Ashizawa,’
Daiki Sato,' Kazuma Kobashigawa,' Masaki Itatani,” Tomohiro Fukushima,** Kei Murakoshi*

Hydrogen evolution reaction (HER) is an important reaction for the water electrolysis. The
dissociation of water molecules in Volmer or Heyrovsky process can be modulated by a
hydration structure at the electrode-electrolyte interfaces. Vibrational strong coupling of H,O
has been shown that it possibly modified the hydration structure. In this work, we discuss the
structural dependence of the HER activity using cavity arrayed-structured electrodes.
Keywords: Hydrogen evolution reaction; Cavity; Bubble observation
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[1] T. Fukushima, S. Yoshimitsu, K. Murakoshi, J. 4m. Chem. Soc. 2022, 144 (27), 12177.
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Neural Network-Based Analysis of the Correlations Between
Photoelectrode Performance, Microscopic Images, and UV-Vis
Spectra for BiVO4 Photoanode Electrodes

(* Chuo University) OHazuki Ayabe,' Shinichi Fujiwara,' Yuta Hayashi,' Kenji Katayama
Keywords: Machine Learning; Bismuth Vanadate; Neural Network

We could predict current-voltage (J-V) curves via the convolutional neural network
(cNN) model, representing the photoelectrochemical (PEC) performance of photoelectrodes,
using only scanning electron microscopy (SEM) images.[!! This research suggests that nano-
structure of photocatalytic materials has a crucial factor for determination of the PEC
performance. In another study on the correlation between the photocatalytic materials and its
analytical data in a machine learning (ML) model,'*! it was suggested that a specific spectral
region in the UV-Vis spectrum had a strong correlation to the PEC performance, indicating the
UV-Vis spectrum includes some structural information.®! Thus, in this study, we studied the
correlation between the nanostructure in the SEM images and UV-Vis for bismuth vanadate
(BiVOs) photoanodes.

We prepared 26 samples, and they were measured with SEM in various
magnifications with two different modes (SEI, BEI). We used the SEM images as input data
and UV-Vis (35 points in the range of 330-500 nm) were predicted as output data using cNN.
A combination of BEI and SEI images with the magnification of 10,000 provided the best
prediction with >90% curve match ratio. (Figure) This result suggests that nano-structure
information included in the UV-Vis spectrum can predict the PEC performance (J-V curves),
and we are working on this.
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Figure The scheme of this research is provided. A combination of SEM images (SEI and
BEI, x10,000) showed 91.6% prediction accuracy for the UV-Vis spectrum.

1) Y. Hayashi et.al, J. Mater: Chem. A, 2023, 11, 22522-22532. 2) Y. Nagai et.al, Analyst, 2022,
147, 1313-1320. 3) M. Tajima et. al, Analyst, 2024, 149, 4193-4207.
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Synthesis of Oxygen Reduction Electrocatalyst with Resorcinol-Phenolsulfonic Acid—
Formaldehyde Mixed Resins (Graduate School of Engineering Science, Osaka University)
(OKoki Yoshida, Keisuke Kinoshita, Keisuke Sakamoto, Yasuhiro Shiraishi, Takayuki Hirai

The development of highly active nitrogen-doped carbons for electrocatalytic oxygen
reduction reaction (ORR) has been studied extensively owing to their low-cost nature. Recently,
we found that a resorcinol-formaldehyde (RF) semiconducting resin prepared by a high-
temperature (523 K) hydrothermal synthesis, when pyrolyzed under NH3 atmosphere, produces
N-doped carbons (RF-523 C) with high ORR activity. In this work, mixed semiconducting
resins prepared with resorcinol (R), p-phenolsulfonic acid (PS), and formaldehyde were
pyrolyzed. The obtained R\PS,F-523 C powders are nitrogen-doped, small, porous carbon
particles with high surface areas. The Ry sPSosF-523 C exhibited much higher ORR activity
than RF-523 C, with the performance comparable to that of Pt/C catalyst.

Keywords : Oxygen reduction reaction, Electrocatalyst, Metal-free, RF resin
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1) Y. Shiraishi et al. Nat. Mater.,2019, 18,985-993. 2) Y. Shiraishi et al. Chem. Commun., 2024,
60, 10866-10869. 3) K. Sakamoto et al. Chem. Lett., 2024, 53, upae215.
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Electrochemical CO, reduction using Pb(II)-S-based coordination polymers (Institute of
Science Tokyo, *Kwansei Gakuin University) O Shunta Iwamoto,! Ryohei Akiyoshi,
Chomponoot Suppaso,! Megumi Okazaki,'! Daisuke Tanaka,> Kazuhiko Maeda'

Electrochemical CO, reduction has attracted much attention because CO, can be converted
to useful chemicals at ambient temperature and pressure. Pb(Il)-based coordination polymers
(CPs) are promising electrocatalysts for formate production. To establish design guidelines for
highly stable and active CPs, systematic research is important. In this study, we focus on CPs
composed of Pb(II) and isomers of methoxybenzenthiol, [Pb(x-SPhOMe). ], (x = ortho (KGF-
32), meta (KGF-33), para (KGF-34)), which have different dimensionality and coordination
environments depending on the position of substituents. Among them, KGF-32 shows the
highest stability and activity for formate production with a Faradaic efficiency of 96%.
Keywords: Electrochemical CO; Reduction, Coordination Polymer, Electrocatalyst
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Investigation of Protein Hydrolysis Conditions Using Solid Acid Catalysts
(Fukuoka Institute of Technology) Olku Miyanishi , Hajime Mita

Proteins are essential to life on Earth. In addition, proteinaceous amino acids have been
found in samples from the asteroid Ryugu. If there is life beyond Earth, proteins are likely to
be used. Proteins are difficult to analyze because there are so many different types. Therefore,
analysis is performed after hydrolysis to amino acids. Hydrochloric acid is usually used for
hydrolysis, but it could corrode the spacecraft. In this study, we investigate the optimal
conditions for efficient hydrolysis using a solid acid catalyst instead of hydrochloric acid. In
this experiment, hydrolysis was performed using synthetic zeolite, Amberlyst (cation exchange
resin), and TOYOPEARL SP-550C (cation exchange resin) as solid acid catalysts. The
experimental results showed that hydrolysis using SP-550C result in amino acid recoveries
comparable to hydrochloric acid hydrolysis for 13 amino acids, except glutamic acid, arginine,
and methionine.

Keywords : Protein hydrolysis, Amino acid, Solid acid catalyst, Search for extraterrestrial life
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