58

RIBEIREHEF B EE
RIS RIREEISE 9 EF  Environmental Materials Surface Science

BREEEMRICET ST/ Mz

Fib &9 B REKTEE

Atomic-level surface design for eco-friendly, novel nano-materials
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Comprehensive understandings of surface reactions proceeding on nano-sized metal (alloy) particle surfaces are crucial for developing novel

nano-materials with unique catalytic properties. Our approach for the subject is 1) preparations of well-defined single crystal surfaces and

nano-particles of alloys through dry-processes (molecular beam epitaxy; MBE and arc-plasma deposition; APD) in ultra-high vacuum

(UHV) and 2) electrochemical evaluations of the catalytic properties for the UHV-prepared nano-structural surface models of practical

electro-catalysts. We have routinely use UHV-MBE, UHV-APD, scanning probe microscopy (SPM), scanning transmission electron

microscope (STEM), X-ray photo-electron spectroscopy (XPS), low-energy ion-scattering spectroscopy (LE-ISS), electrochemical (EC)

voltammetry, gas-chromatography (GC), on-line electrochemical mass spectrometry (OLEMS), etc., to clarify the nano-material’s surface

phenomena. We believe our research accomplishements directly link to future eco-friendly society.
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1-1. Pt-Co %
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Fig.1 ORR activity and HAADF-STEM images for APD-synthesized
Pt-Co and Pt-N-Co nano-particles.
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1-2. Pt-Ta %
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Fig.2 APD-synthesized Pt-N-Ta nano-structures (STM) and
corresponding ORR properties.
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Inthis year, we have performed 1) investigations of oxygen reduction reaction properties
for Pt-based bimetallic surface and nano-particles systems and 2) construction of
an on-line electrochemical mass spectrometry system for in-situ detection of the
electrochemical reaction products. The results have been published total 10 research
papers including proceedings. Particulaly, ACS catalysis (IF : 9.3) and Electrochemica
Acta (IF : 4.8) are top-journals for catalysis and electrochemistry fields. Our students
presented total 16 papers in international and domestic conferences, e.g., 2016 Pacific
RIM Meeting on Electrochemical and Solid-State Science (Honolulu), Battery
Symposium in Japan (Makuhari), The Electrochemical Society of Japan Meeting
(Osaka), and The Japan Institute of Metals and Materials Meeting (Osaka). Among the
presentations, H. Watanabe (M2) and M. Asano (M2) have received poster awards at
The Electrochemical Society of Japan Meeting. H. Watanabe also won a poster prize at

Catalysis Society of Japan, Fuel-Cell catalysts Seminar. (Fig.4)
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Fig.3 OLEMS set-up for in-situ analysis of electrochemical products.

Fig.4 Poster awards in The Electrochemical Society of Japan Meeting (Osaka)
and Catalysis Society of Japan, Fuel-Cell Catalysts Seminar (Mishima).
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