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Figure 1. (a) The SEM image of the Pt/RuO,-CNT, with cor-
responding EDX spectrum (inset). (b) The TEM image of the Pt/
RuO,-CNT.
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Figure 2. (a) XRD patterns of the pristine CNT, PRuO,-CNT, metal
Pt (JCPDS No. 70-2057), and RuO, (JCPDS No. 43-1027). (b)

XPS survey spectrum of the Pt/RuO,-CNT. The inset shows the
Pt 4f XPS spectra for Pt/RuO>-CNT and reference metal Pt.
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Figure 3. Cyclic voltammograms for pristine CNT (black line),
Pt/RuO, mixture (green line), Pt-CNT (blue line), and Pt/RuO,-
CNT (red line) obtained in N»o-saturated 0.5 M KOH solutions
containing 1.0 M formaldehyde. The scan rate was 100 mV/s.
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Table 1. Summary of the onset potentials, oxidation currents (Iy),
and oxidation peak potential (Ep) values at 100 mV/s

Catalysts Onset potential (V)* 1, (LA) E,(V)
Pt/RuO, mixture 0.54 40 0.65
Pt-CNT 0.52 233 0.66
Pt/RuO,-CNT 0.33 602 0.59

“In this study, each onset potential was determined from the intersection of
the tangents for the front baseline and the front peak line.
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Figure 4. Cyclic voltammograms for Pt/RuO,-CNT electrode in
the presence of 1M formaldehyde in N»-saturated 0.5 M KOH
solutions from 25 to 700 mV/S different scan rates. (a) Plot of
the peak current (I,) vs. the square root of the scan rate (v'?). (b)
Plot of the oxidation peak potential (E;) vs. the logarithm of the
scan rate (log(v)).
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Figure 5. (a) Chronoamperometric curves for the commercial
Pt/C, Pt-CNT, and Pt/RuO,-CNT electrodes in N»-saturated 0.5
M KOH solutions with 1.0 M HCHO at 0.6 V. (b) The variations
with reuse number in the oxidation current of Pt/RuO,-CNT at
100 mV/s. Inset is the voltammogram of reused 10" commercial
Pt/C taken from the 100" cycle.
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EXPERIMENTAL

2 Atol] ARE-EF A] R th5- 3} ). Sodium hydrosulfide
(NaSH), 4-(dimethylamino)pyridine (C7H;oN>), chloroplatinic
acid hexahydrate (H,Cl¢Pt-6H>0), ruthenium chloride (RuCle),
formaldehyde solution (HCHO), sodium borohydride (NaBHa)
L= Sigma-AldrichA}9] A2 TLako] ALg-a}3ic). T
EtA U= & H (multiwall carbon nanotube, MWNT)= 7}
L Bl e A A ol A -8l e m, 4F )-8 PYC (platinum
on activated charcoal, Pt 20%)+= PremetekA} 2] A&
ufsto] ARE-at Tt AE o] AR 842 MilliporeAl 2]
Direct Q3 system 5575 AR8-5Fo] A|=3k3iTh.

Pte} RuO,7} F2HE ONT FHulj= tha &A= A5t
AUtk WA MWNT 99| E¢& AlA 9 2487 =&
A5 MWNTE E3F AHHNOs: HoSO4 = 1:3 1] B &) &
Ao 4] 100 °Cofl A 3A7E F-¢F W RS TE AF 2] 25l MWNT
(5.0 mg/mL) £S5 SFol A4 AlZ] $- NaSH(0.2
mg/mL)-&H-& 7Fsko] MWNT 9o -SH 28715 44
ahgict.

P9} RuO; Lt Q) AHe 4 AL S o] gako] 428}
&t} HoClgPt-:6H,O (4.0 mg/mL)2} RuCls (2.0 mg/mL)E
ZH5oll BAFA] 7] 1 NaBH S AFE-351o] 245 o] 23 3
HAZ] 3= 80°Col|A] 2 h 5t wHE 3 & F-{pof] 4he
CNT-SH®} &3} 315 th 24X 7F HEA] A A A= Pte} RuO,
7b F2E ONTE o & SR, ofeh-& & A3 &
AxAA 2F Ad= (P RuO-CNT)= A= sHAH-

Pt/RuO,-CNT2] =7]|¢} FLxE& SEM (Jeol JSM-7500F)x}
TEM (JEM-2200FS microscope, 200 kV)©. &2 EX4 3131t}
XRD =] €1-& X-Ray diffractometer (PANalytical, Netherlands) S
0] 83191, Cu Ka X-A ZFL(h=1.5406A)& o]&35}
Aotk EH 7587 Eo] whE ONT 9 294
g+eF-2 XPS (Thermo VG multilab 2000) 24 6 & &}
S, Mg Ka X-41(1253.6 eV)S FP o2 AE-31S
A7)3ksl A3le EG&G 273A potentiostat (Princeton)
o]-§5lo] 3 A= Al AFolA S shith 7 A= £
Zr22 W % =(saturated calomel electrode, SCE), At =
W ojolo] 123 2o AL 9] 7HE A Helassy
carbon electrode, GCE, 217 =3 mm)of| A|RE 3259
Abgahelet.
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