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Atomic-level surface design for eco-friendly, novel nano-materials
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A comprehensive understanding of surface reactions on nano-sized metal (alloy) particle surfaces is crucial for developing novel nano-materials with

unique catalytic properties. Our approaches to this subject are (a) to prepare 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 (b) to evaluate electro-catalytic properties

for the UHV-prepared nano-structural surface models for practical electro-catalysts. We have routinely used 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 surface

phenomena. We believe our research accomplishments are directly linked to a future eco-friendly society.
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Fig.1 ORR activity for the Pt-Co model catalysts.

Oxygen reduction reaction on dry-process
synthesized model catalyst surfaces

(O Numerous studies have been performed on Pt-based alloys to synthesize
highly active catalysts with a low noble—metal content oxygen reduction
reaction (ORR) catalysts for cathodes of proton exchange membrane fuel
cells (PEMFC). In order to investigate ORR mechanisms, the nano-
architecture of Pt shell/Pt—M core catalysts can be modeled as surface
templates. In this study, we fabricate Pt/Co hetero-layered nanostructures
on a clean Pt(111) substrate as a model of the Pt shell/Pt—M-core nano-
particles using a cathode catalyst through alternate deposition of Pt and Co
using the arc-plasma deposition (APD) method. Cross-sectional HA ADF-
STEM images and the corresponding energy-dispersive X-ray spectrometry
line profiles of the APD-synthesized Pt-Co model catalysts clearly showed
that the ca. 0.5-nm-thick-Pt(111) shells can be synthesized on ca. 4-nm-
thick-Pt—Co(111) alloy layers with various atomic ratios of Pt and Co. Fig.1
presents the ORR activity for the Pt-Co model catalysts. From the figure,
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Fig.2 Electrochemical structural stabilization for the Pt-Co
NPs by the surface Au modification.
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Fig.3 CV and MSCV for CO:; electrochemical reduction on
Au(hkl) surfaces.

we conclude that homogeneous, in-plane surface strain of ca. =2 % of the
Pt(111)-shell vs. the intrinsic Pt(111) lattice gives the maximum ORR
activity enhancement.

O Pt atoms located at coordinatively unsaturated sites determine the
degradation behavior of the Pt NPs through electrochemical oxidation and
reduction under normal PEMFC operating conditions. Site blocking of the
Pt NP surface with Au atoms is expected to be effective for the
electrochemical stabilization of the unsaturated sites. Therefore, Pt-Co
NPs with and without Au modification were prepared by using APD, and
the resulting electrochemical structural stabilities are discussed. The
results (Fig.2) demonstrate that the surface Au modification is effective for
structural stabilization under an accelerated durability test protocol.

Carbon dioxide reduction products analyzed
by on-line electrochemical mass
spectroscopy

A comprehensive understanding of electrochemical CO, reduction (ECR)
mechanisms is required for developing effective electrode-catalyst
materials. Therefore, we investigate applied-voltage-dependent CO,
reduction for Au low-index single crystal surfaces ((111), (110), and
(100); Au(hkl)) by using on-line electrochemical mass spectrometry. Fig.3
clearly shows that the onset potential of (110) surface for CO evolution is
the highest among the Au(hkl).

Research project, patent and student’s
award

We have performed NEDO and JSPS KAKENHI (Scientific research (A)
& Challenging Exploratory Research) projects. The results have been
published in several journals and, furthermore, we have applied for a
patent. One of the papers was published in the JPC letters (IF : 9.3), a top
journal in physical chemistry field. Our students presented a total of 16
papers and received 5 poster awards (Fig.4).
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Fig.4 Poster awards for the students.
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