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Atomic-level design of novel catalyst materials for eco-friendly society
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Comprehensive understandings of surface reactions on nano-sized, metal- (alloy), oxide-, and carbon-related materials are essential for developing novel
nanomaterials with superior catalytic properties. Our approach to the forementioned subjects involves (a) preparations of well-defined single-crystal
surfaces and nanoparticles of alloys and metal compounds through vacuum processes (molecular beam epitaxy; MBE and arc-plasma deposition; APD) in
ultra-high vacuum (UHV) and (b) electrochemical evaluations of catalytic properties for the UHV-synthesized nanostructural catalyst models aimed at
developments of practical electrocatalysts. We have routinely used UHV-MBE, UHV-APD, scanning probe microscopy (SPM), scanning transmission
electron microscope combined with energy dispersive X-ray spectroscopy (STEM-EDS), X-ray photoelectron spectroscopy (XPS), low-energy ion-
scattering spectroscopy (LE-ISS), electrochemical (EC) voltammetry, on-line electrochemical mass spectrometry (OLEMS), scanning electrochemical
microscope (SECM), and so forth to clarify the nanomaterial’s surface reactions. Our research accomplishments directly relate to carbon neutral society.
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Well-defined model catalyst studies for proton
exchange membrane fuel cells

Pt-based alloy nanoparticles are effective catalysts for both cathode and
anode for proton exchange membrane fuel cells (PEMFCs). Under the

interfaces, should be clarified through an atomic level study of the

stacking, single-crystal surfaces.
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Pt(111) BiE&E4R LI, Cantor & (Cr-Mn-Fe-Co-Ni) /& We studied the ORR properties of Pt-HEA lattice-stacking, single-
& PtEZMBEEZHHUTER APD LT Pt-HEA(111) REXR%Z crystal surfaces, focusing on the constituent alloying elements. The
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Fig. 1 ORR activity trends for various Pt-HEA(111) lattice stacking surfaces Fig. 2 H»0: generation and HOR properties for Pt-Co(111) and
(100) lattice stacking surfaces
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BRTREROENICEZN\ATYNOE—HRICNZ. Pt &E5
BRETROEERMENEETH DI Db of (Fig.1).

O Pt-Co(111). (100) REFRD H20> £ KT HOR %t

Pt(111) &£ T (100) BiEREIR LIC Co & Pt & APD B3
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BFIEH SUS BEMAMER EICEETH B zRUk (Fig. 3).

Mr7O0vz7 bk %E

NEDO. JSPS B &EZHDICEZHDTAY U MSE LT,
FIERZ&EIR. BSOMERRICODVWCEESZ 1 4. BERRE 14
HORREZTo L (R3HERE), =5k, EELREZLER
2023 FERIERFRREZRELK (Fig. 4),

T, 20 x-:0.5-1.8

£

- 1,54

£ 310S electrode

E 1.0+ ]

m

= x: 1.35-1.8

2 JE——

§ 0.0 . . . . ) 3105 electrode
04 08 08 10 12 14 16 0.1 ym

LLP(x)} /¥ vs. RHE

Fig. 3 Fe corrosions of the SUS310S electrode under applying
various potential cycle loadings

results clearly say that the co-addition of Cr and Mn to Pt/Co binary and/
or Pt/Co-Ni ternary alloy catalysts is essential for enhancing ORR
performances and demonstrates a “high-entropy” effect induced by
increasing the numbers of constituent elements; in addition, the “chemical
affinity” of the Pt and HEA elements determines ORR performances of
the Pt-HEA surfaces (Fig. 1).

(O H20: generation and HOR properties of
Pt-Co(111),(100)

Pt/Co lattice-stacking surfaces were used as microstructural surface
models of the Pt-Co anode catalyst, and the H,O, generation and HOR
mechanisms were discussed using the substrate-generation/tip collection
(SD/TC) and tip-generation/substrate collection (TG/SC) modes of a
scanning electrochemical microscope (SECM). The results clarify the
alloying effect of Pt with Co for suppressing H,O, generation while
maintaining substantial HOR activity, which are desirable properties for
PEMEC anode catalysts (Fig. 2).

Oxygen evolution reaction (OER) on stainless-
steel (SS) electrode surface

Water electrolysis is one of the key technologies for achieving a “ZERO
Carbon” society. In 2024, to reduce the oxygen evolution reaction (OER)
overpotential of SUS electrodes, corrosion behaviors of the 310S
stainless-steel (SS) electrode under various potential cycle loadings by
means of changing the lower (y) and higher (x) limit potentials to simulate
the power-fluctuation characteristics of renewable energy sources. The
results show precise potential control of OER potentials to prevent the
potential fluctuation-induced corrosion (Fig. 3).

Research project, award

We have performed many research projects (e.g., NEDO and JSPS
KAKENHI). Our students have presented one paper in an international
conference and 14 in domestic conferences, and they received three
awards. Furthermore, a doctor course student received the TOHOKU
UNIVERSITY PRESIDENT award of 2023 (Fig. 4).
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Fig. 4 Certificate of academic award
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