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Structure and Catalytic Properties of PtRu Alloy Thin-film
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Abstract: A PtRu alloy thin-film used for catalytic electrodes of fuel cells was fabricated by ion beam sputtering
(IBS). The structure, surface layer structure, chemical composition, surface chemical state, and morphology of the PtRu
alloy thin-film were characterized using X-ray diffraction (XRD), grazing incidence X-ray diffraction (GIXD), X-ray
photoelectron spectroscopy (XPS), and atomic force microscopy (AFM). It was shown that the surface chemical state
and structure in the top layer (from 15-40 nm) of PtRu alloy thin-film were changed due to the strong interaction between
Pt* and Ru* during the ion beam sputtering deposition process, which also affected the catalytic activity of the PtRu
alloy thin-film. In particular, when the atomic ratio of xp/xz, was 0.64, enrichment of the Ru solid solution and

amorphous phase Pt;,Ru,, were observed on the surface layer of PtRu alloy thin-film.
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Fig.1 XPS spectra of (a) Pt 4f and (b) Ru 3d
in PtRu alloy thin-film with xp/xg, =1.08
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Table 1 Atomic concentration and binding
energy of Pt and Ru in PtRu alloy thin-film

Sample xp(%) (%)  Ep(Pt 4f)/eV  Ep(Ru 3d)/eV  xp/xp,

1 7398  26.02 71.73 280.17 2.84
2 51.86  48.14 72.02 280.34 1.08
3 38.82 61.18 72.10 280.43 0.64
4 3730 62.70 72.18 280.50 0.60

“The binding energy of Pt 4f for pure Ptis 71.30 eV,
the binding energy of Ru 3ds, for pure Ru is 280.11 eV.
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Fig.2 AFM images of PtRu alloy thin-film
(1) xp /xr=2.84, (2) xp/xr,=1.08, (3) Xp/xr,=0.64, (4) Xp /3, =0.60
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Fig.3 Conventional XRD patterns of
PtRu alloy thin-film
(1) xp/xp,=2.84, (2) xp/xr,=1.08, (3) xp/xr,=0.64, (4) Xp/X,=0.60
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Fig.4 Results of structure depth profiling
for PtRu alloy thin-film with
different atomic ratio of Pt and Ru
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Fig.5 The electrochemical activities of

PtRu alloy thin-film catalytic electrodes
(1) xp/xp,=2.84, (2) xp/xr,=1.08, (3) xp/Xr,=0.64, (4) Xp/Xr,=0.60
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Fig.6 The curves of current density versus time
under the constant cell voltage
(1) xp/xp,=2.84, (2) xp/xr,=1.08, (3) xp/xr,=0.64, (4) Xp/xr,=0.60
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