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Experimental procedure

Synthesis of Nanostructure electrodes. Nanostructure electrodes were prepared using a radio
frequency (RF) magnetron sputtering system. Indium tin oxide coated on transparent glass was used as a
substrate. In order to fabricate a thin-film nanostructure, the RF power of the Pt, WC, and WOs;
sputtering guns were individually manipulated. The base pressure was less than 5x10° Torr and
working pressure was 1.1x10 Torr for all examined. Sputtering was carried out under Ar gas
atmosphere at 30 SCCM at room temperature. The Pt-WC and Pt-WO; two-phase film was sputter-
deposited for 1 min at RF powers of 20 and 100 W on the Pt and WC or WOs targets, respectively, and
was compared with Pt one-phase film sputter-deposited for 1 min at an RF power of 20 W. The Pt-WC-
WO; electrode was deposited for 1 min at RF powers of 20, 100, and 100 W on the Pt, WC and WO;
targets, respectively..

Characterizations. The morphology and size distribution of the catalysts were characterized by field-
emission transmission electron microscopy (FE-TEM) using a Tecnai G2 F30 system operating at 300
kV. Cu grids were also used as substrates for analysis by field-emission transmission electron
microscopy (FE-TEM). Energy dispersive X-ray (EDX) analysis of the catalysts was performed on a
field emission transmission electron microscope (FE-TEM, Tecnai G2 F30 system). X-ray diffraction
(XRD) analysis was carried out using a Philips X ’pert MPD. The 20 angular scan from 25 ° to 70 ° was
explored at a scan rate of 5° min™".

To evaluate the electrochemical performance of the electrodes, current-potential curves were examined
using a conventional three-electrode electrochemical system consisting of a deposited electrode, Pt
gauze, and Ag/AgCl as the working, counter, and reference electrode, respectively, at 25 °C. The

solutions of 0.5 M H,SO4 and 2.0 M CH30H + 0.5 M H,SO,4 were stirred constantly and purged with

argon gas.
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Figure S1. Field-emission TEM image, size-distribution histogram, and EDX spectrum of Pt (a), Pt-

WC (b), and Pt-WOs ().
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Figure $2. XRD patterns of electrodes ((a) Pt-WC-WOs, (b) Pt-WC, (¢) Pt-WOs3, and (d) Pt) prepared
by sputtering method.
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