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Structural Effects and Electrooxidation Activity of a Two-Dimensional
Multilayer PtRu/PtNd Alloy Nanostructure Thin Film
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Abstract:  The two-dimensional multilayer PtRu/PtNd alloy nanostructure thin film used for anode electrodes of
micro-direct methanol fuel cells (DMFCs) was fabricated by multi-target ion beam sputtering (IBS). The surface chemical
state, structure, surface layer structure, and morphology of the PtRu/PtNd thin-film were characterized by X-ray
photoelectron spectroscopy (XPS), X-ray diffraction (XRD), grazing incidence X-ray diffraction (GIXD), and atomic
force microscope (AFM). Electrochemical properties were examined by CO-stripping voltammetry, cyclic voltammetry
(CV), linear sweep voltammetry (LSV), and chronoamperometry (CA). The structure and surface chemical state of the
PtRu/PtNd thin film were found to have changed due to a strong interaction between Pt*, Ru* and Pt*, Nd* during the
ion beam alternate sputtering deposition process. Abnormal peak widths in the XRD spectra as well as electron transfer
between Pt and Nd have also been observed. The PtRu/PtNd thin-film is shown to have a special multiphase structure
and electronic structure. The electrochemical activity-specific surface area of PtRu/PtNd thin-film was 115.00 m*- g™,
and therefor PtRu/PtNd thin-film catalysts exhibited higher catalytic activity for methanol electrooxidation in an acidic

environment.
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Fig.1 XPS spectra of Pt 4f(a) and Nd 3d (b) in
PtNd/PtRu thin-film
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Table 1 Chemical composition and binding energy of thin-film surface

Sample xp(%) (%) (%) Ey(Pt 4f)/eV Ex(Ru 3d)/leV Ex(Nd 3d)/eV
PtRu 73.1 26.9 71.73 280.17
PtRu/Nd 73.4 26.6 71.63 280.32
PtRu/PtNd 72.8 27.2 71.59 280.30
PtNd/PtRu 63.4 36.6 70.25 977.13

“The binding energy of Pt 4f;, for pure Pt is 71.30 eV. The binding energy of Ru 3ds, for pure Ru is 280.1 eV.
The binding energy of Nd 3ds. for pure Nd is 980.8 eV.

PtRu

800 1000 nm

2 PtRu.PtRu/Nd % PtRu/PtNd #[&H) AFM E %
Fig.2 AFM images of PtRu, PtRu/Nd, and PtRu/PtNd thin-films
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Fig.3 GIXD patterns of structure depth profiling for
different thin-films
GIXD: grazing incidence X-ray diffraction
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Fig.4 GIXD pattens for different thin-films at @=3°
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Fig.5 CO-stripping voltammerty of different thin-film
catalyst electrode in 0.5 mol-L* H,SO, solution
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Table 2 Elecetrochemically active specific surface
area of different thin-film electrocatalyst

Sample m/mg Qco/mC Su/cm? Ag/(m*-g™)
PtRu 0.241 23.19 55.22 2291
PtRu/Nd 0.241 34.30 81.68 33.89
PtRu/PtNd 0.240 115.92 276.01 115.00

"Oco: charge exchanged during electroadsorption of CO on
electrocatalyst, Sg.: electrocatalyst electrochemically active surface

area, Ap: specific surface area of thin-film electrocatalyst
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Fig.6 CV curves of methanol oxidation on thin-film
catalyst electrode in 2.0 mol- L' CH;0H+0.5 mol- L™
H,SO, solution
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Fig.8 CA curves of methanol oxidation on thin-film
catalyst electrode
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