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Comprehensive understandings of surface reactions on nano-sized metal- (alloy), oxide-, and carbon-related materials are essential for developing novel
nano-materials with superior catalytic properties. Our approach to this subject has included i) preparations of well-defined single-crystal surfaces and
nano-particles of alloys and metal compounds through dry processes (molecular beam epitaxy [MBE] and arc-plasma deposition [APD]) in ultra-high
vacuum (UHV) and ii) electrochemical evaluations of the catalytic properties of UHV-prepared nano-structural catalyst models used to develop 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
(GQ), on-line electrochemical mass spectrometry (OLEMS), scanning electrochemical microscopy (SECM), etc., to clarify the nano-materials’ surface
reactions. We believe our research accomplishments will be directly linked to realizing the next-generation hydrogen society.
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Oxygen-reduction reaction on a well-defined
model catalyst’s surface

Pt-based alloy nanoparticles are effective for low-noble-metal content
oxygen-reduction reaction (ORR) cathode catalysts of proton-exchange
membrane fuel cells (PEMFCs). To obtain a comprehensive understanding
of ORR mechanisms, complex nano-structures of the practical Pt shell/
Pt—M core catalysts should be modeled and investigated. In this year, we
have fabricated Pt/X hetero-layered nanostructures on a clean Pt(111)
substrate, as a model of Pt-shell/Pt-X-core nano-particle catalysts, through
vacuum depositions in UHV (~10-8 Pa) and investigated the ORR properties
(pristine activity and durability) of the prepared catalysts.

(O We discussed suitable locations for alloying Ir to enhance the ORR
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properties of the Pt/Pd(111) model core-shell nano-structures. Fig. 1
clearly shows that the ORR activities of Pt/Ir/Pd(111) and Ir/Pt/Pd(111) are
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Fig.2 ORR properties (activity and durability) for the Pt(111)/
Pt-Zr(-N)(111) model catalysts.

Fig.1 Influence of Ir addition to the Pt/Pd(111) bimetallic
system on ORR properties (activity and durability) for the
Pt(111)/Pt-Zr(-N)(111) model catalysts.
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Fig.3 Growing schematics of Ni-Fe hydroxides/oxides hetero-
layered nanostructures on the stainless-steel substrate during.

enhanced by ca.x3 and x4, respectively, relative to Pt/Pd(111). Furthermore,
the Ir-added Pt/Pd(111) is durable against potential-cycle loadings,
indicating that adding Ir, particularly for Pt/Ir/Pd(111), is effective for
improving the ORR properties (pristine activity and durability) of Pt-
shell/Pd-core-type catalysts.

(O We fabricated bimetallic Pt/Zr/Pt(111) and Pt/Zr-N/Pt(111) surfaces
through alternate arc-plasma depositions of Zr (in vacuum and 0.1 Pa N,
atmosphere) and Pt (in UHV) on the clean Pt(111) substrate and
investigated the ORR properties. The cross-sectional STEM images for
the prepared Pt-Zr and Pt-Zr-N model catalysts showed that the ca. 1-nm-
thick Pt(111) shells can be fabricated on the Pt-Zr(-N)(111) alloy layers.
As shown in Fig.2, the ORR properties for the Pt/Zr/Pt(111) and Pt/Zr-N/
Pt(111) are clearly enhanced versus those of Pt(111), indicating that Zr and
its nitride are effective as the alloying elements (compounds) for Pt-based
ORR catalysts, with excellent activity and durability.

Oxygen evolution reaction (OER)
on stainless-steel electrode surfaces

Water electrolysis is considered indispensable for the mass production of
hydrogen. Stainless-steel electrodes are investigated to reduce the
overpotential of OER, although the morphological and compositional
changes to the electrode surface during electrolysis have yet to be clarified.
As shown in Fig.3, the SUS316 electrode surface, comprised of hetero-
layered Ni-Fe hydroxide/oxide nanostructures, is effective as the anode of
alkaline water electrolysis.

Research project, patent and award

We have performed for the NEDO, JSPS KAKENHI, and the Toyota
Mobility Foundation projects, and the results have been published in several
papers. N. Todoroki received the NF Foundation and Harada Research
Encouragement awards. Furthermore, our students have presented two
papers in international conferences and 15 papers in domestic conferences
and received seven awards (Fig.4).
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Fig.4 Certificates of academic awards.
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