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Nanomaterials Interface and Structure Control Process Science Project ('New Industry
Creation Hatchery Center, Tohoku University, *WPI — Advanced Institute for Materials
Research, Tohoku University) OTadafumi Adschiri':?

Unlike process design in chemical industry, the development of nanomaterials lacked a
rational design basis. The Process Science Project initiated by the Ministry of Education in
2019 aims to establish this scientific foundation. It newly established nano-thermodynamics
for nanomaterials, enabling the prediction of nano fluid properties and phase equilibrium.
Based on this, it reconstructed the “unit operation” of processes for material manufacturing.
Consequently, it became possible to predict the structure formation during processes such as
coating and drying.

Keywords : Nanomaterials, Interfaces, Structure Control, Nano thermodynamics

LR, L1372 0 | MPRIBRZE. RIS MEIBE R IV T, BEA 2k i
MIRDo T, 2019 FENHIE ST R FE T n v A A = 2707 ME,
ZOYV A T AEEERT D ENBENTH D, 1R EFEE /7 MEHZR LT
T BIVFEFTIAAESE L, Ol - R A FTRE L LT, FRICHESE | A
BHUED 7 0w R BEAEERRAMEV B L, ULV Bl XM TR TO
GRS TRITE 2 X 9127 o T,

© The Chemical Society of Japan - [E]JF401-4am-01 -



[E]F40171-4am-02 BALEA B10585FES (2025)

RieHR LA 4 L ERBAROFHSR  AEMIELE T3~
GRS RE) O3

Development of sulfide-type fast Li conductors; synthesis in complex compositional systems
and construction of databases (/nstitute of Integrated Research, Institute of Science Tokyo)
(OSatoshi Hori

Lithium superionic conductors such as LijoGeP»Si> (LGPS) and its derivatives have been
searched for to develop solid electrolytes used in all-solid-state lithium batteries. The author
will report two topics: (1) synthesis of LGPS-type solid electrolytes in complex chemical
compositional systems and (2) experimental data bases for supporting such a material
development. On the former topic the reasonable selection from among complex chemical
compositions is discussed, followed by the report about experimental validations of the
substitution-phases formation and the improved ionic conductivity. On the topic of the data-
base construction, the approach and framework, as well as challenges faced during the practical
construction and application are reported.

Keywords : All-solid-state batteries; LijoGeP>S)2; Solid electrolytes; High entropy; Data base
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1) The original LiioGeP2S12 phase was reported. N. Kamaya, et. al., Nat. Mater. 2011, 10, 682; 2) The
high-entropy design was rationalized by theoretical calculations and exemplified by experiments. Y.
Zeng, et. al., Science 2022, 378, 1320; 3) The high-entropy design was applied for the LiioGeP2Si2-type
crystal. Y. Li, et. al., Science 2023, 381, 50.
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Multi-Element Nanomaterials for Catalytic Applications
(The Hakubi Center for Advanced Research, Kyoto University, *Graduate School of
Engineering, Kyoto University, *iCeMS, Kyoto University) OKohei Kusada,"*?

Although multi-element nanomaterials are complex and challenging to understand, they,
particularly in high-entropy materials, have been studied because of their nearly infinite
compositional combinations. We have reported many examples of multi-element alloy
nanoparticles'™ and found that alloying with multi-elements significantly modifies electronic
states for each atom, depending on their coordination environments?. This uniqueness may
lead to their exceptional catalytic activity, such as in electrochemical hydrogen evolution.
Building on our results of nanoalloys, we successfully synthesized 10-element perovskite-type
multi-element nanoxides (Figure) and 10-element 3d transition metal nanoxides using solution
synthesis. Notably, perovskite-type nanoxides demonstrated highly active lattice oxygen, as
revealed through CO oxidation reactions®. The synthesis of these materials, their catalytic
applications, and the origins of their unique electronic states will be discussed in this
presentation. Keywords : High entropy; Alloy,; Oxide,; Catalysis
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1) Wu, K. Kusada, H. Kitagawa, et al., JACS, 2020, 142, 13833. 2) D. Wu, K. Kusada, H. Kitagawa, et al., JACS,
2022, 144, 3365. 3) D. Wu, K. Kusada, H. Kitagawa, et al., Chem. Sci., 2020, 11, 12731. 4) H. Minamihara, K.

Kusada, H. Kitagawa, et al., JACS, 2022, 144, 11525. 5) H. Minamihara, K. Kusada, H. Kitagawa, et al., JACS,
2023, 145, 17136. 6) S. Hanabata, K. Kusada, H. Kitagawa, et al., JACS, 2024, 146, 181-186.
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High-entropy Solid-solid Interface Ionics (Institute for Aqua-Regeneration, Shinshu
University) Nobuyuki Zettsu

A The ionic conductivity of a solid electrolyte is optimized by its constituent elements,
composition, atomic arrangement, and crystal structure. In the solid-solid interface region,
where the atomic arrangement became disordered, as comparing to that of bulk, it has widely
accepted the conductivity decreases by more than two orders of magnitude compared to the
bulk region. In this talk, I will outline our efforts in the development of innovative solid-state
electrolytes, focusing on the control of solid-solid interface ionics by multi-element high
entropy effect, using multi-element substituted garnet-type solid electrolytes as model
materials.

Keywords : Solid electrolyte; High-entropy oxides; Multi-element; Garnet, Li;LasZr:O;;
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1) Li-Ton Conduction Characteristics at Grain Boundaries in Garnet Li7.,La3Zr,.Nb,O12 (0 < x < 2),
H. Shiiba, M. Koyama, N. Zettsu*, K. Teshima, Chemistry of Materials, 2024, 36, 6370.

2) Molecular dynamics studies on the lithium ion conduction behaviors depending on tilted grain
boundaries with various symmetries in garnet-type LisLa3ZrO;2, H. Shiiba, N. Zettsu *, M.
Yamashita, H. Onodera, R. Jalem, M. Nakayama, K. Teshima, Journal of- Physical Chemistry
C, 2018, 122,21755.

3) JBEE(T i FFFE 2023-189668, 2023-199178, 2024-192365, 2024-202809
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