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Abstract Ag/Au/Pt composite catalyst has been fabricated by chemical and electrochemical methods. The catalyst is fabri-
cated by the electrodeposition of 100 nm Ag nanoparticle, then Au is deposited by chemical reduction, and Pt is electrode-
posited finally, the quantity of Au and Pt is reduced. The samples have been characterized by scanning electron microscopy
(SEM), X-ray energy dispersive spectroscopy (EDX) and X-ray diffraction (XRD) techniques. In addition, the electrocata-
Iytic performance of composite electrode materials is measured by cyclic voltammetry (CV) towards formic acid oxidation.
The results demonstrate that the as-prepared Ag/Au/Pt composite catalyst with low Pt loading (0.71 pg/cm?) shows much
higher catalytic activity than that of the same amount of pure Pt catalyst towards formic acid electrooxidation, and the current
density of direct oxidation for formic acid reaches 4541.42 mA/mg. On the other hand, the content of Pt has a significant
influence on formic acid oxidation path. It is found that formic acid electrooxidation on the Ag/Au/Pt composite catalyst
mainly follows the direct oxidation path only when the atomic ratio of Pt . Au is less than 1 . 10. The enhanced performance
is mainly due to the increase of electrochemical active surface area (EASA) through CVs in H,SO, solution. Moreover, the
Ag/Au/Pt composite catalyst exhibits greater poisoning tolerance than that of pure Pt during formic acid electrooxidation,
shown in the results of chronoamperometre (CA) measurement. The stability of composite catalyst is evaluated via recording
the CV scans of 100 cycles of electrodes towards formic acid oxidation. At the 100th cycle, the current density of Ag/Au/Pt
electrode just decreases 2.29%, which is far lower compared with the other electrodes. The CO stripping voltammogram in
acid medium is recorded as well. The results show clearly that the CO stripping peak position of composite catalyst shifts
negatively compared with that of the pure Pt catalyst in the mass. When the atomic ratio of Pt  Auis 1 . 6.0, the composite

catalyst presents lowest peak potential for CO electrooxidation.
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Figure 1 Preparation scheme of catalysts
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Figure 2 SEM images and EDX of Pt (A, E), Ag (B, F), Ag/Au (C, G),
Ag/Au/Pt (D, H) catalysts on GCE
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Figure 3 XRD patterns of Ag (a), Ag/Au (b), Ag/Au/Pt (c) catalysts on
GCE
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Figure 4 CVs of different catalysts in 0.5 molsL ™" H,SO, solution at 50
mV/s. (a) Pt catalyst; (b) Ag/Au catalyst; (c) Ag/Au/Pt composite catalyst
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Figure 5 CVs of different catalysts in 0.5 mol/L HCOOH+0.5 mol/L
H,SO, solution at 50 mV/s. (a) Pt catalyst, (b) Ag/Au bimetallic catalyst
and (c) Ag/Au/Pt composite catalyst
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Table 1 The data of peak current density of formic acid oxidation on the different electrodes

Pt . Au atomic

EASA/(meg !

Catalyst Pt loading/(ngecm ) ratio Jreat/(MAME ") oo/ (MAME ) Jpeartfpeaz  Ifly  Ou/(mCecm %) Po)

Pure Pt 10.20 — 108.67 267.90 0.41 0.15 0.47 6.23
Ag/Au/Pty 25 e 0.35 1:21 3360.60 802.70 4.19 1.52 0.10 133.33
Ag/Au/Pty g5 e 0.70 1:13 4541.42 1337.26 3.40 0.84 0.15 100.00
Ag/Au/Pty 0 e 1.4 1:11 1638.60 376.60 4.35 0.48 0.25 83.33
Ag/Au/Pty s e 3.50 1:6.0 512.20 410.50 1.25 0.25 0.33 44.00
Ag/Au/Pty 50 e 7.00 1:2.0 189.30 257.20 0.74 0.13 0.37 24.67
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Figure 8 The jpeu of formic acid oxidation in the forward scan on
Ag/Au/Pt composite catalysts with different Pt loading (a~e¢) and pure Pt
catalyst (f) vs. CV cycle numbers in 0.5 mol/L HCOOH-+0.5 mol/L
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ite catalysts with different Pt loading (a~e¢) and pure Pt (f) catalyst in 0.5
moleL"" H,SO, solution only the positive-going potential scans at 50
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Bl AN, PSRN Ag/Aw/Pt AL HR
B R N AT A A YeEE . BEAE Pe & 3,
Ag/Aw/Pt A LT b F R (1 AU LI HH RS 1E KS
WA, 2 Pt RN T 025 pg B, Ag/Au/Pt
A AT R =2 DL H AR, B P B
4 0.05 pg (0.71 pg/em?)is SLELH K I BB A A I
. R AR E M SR D R, Pt e
h0.05 pg B, Ag/Au/Pt 5 G AL 1 BAT 88 e A AR 1k
AL TR, [ CO LRSI K, Ag/Auw/Pt H &
flEAL TN CO A A R R A ke, (2T CO 1
AL, M PLERE N 025 png I, W IAGA B, LRl
R, HREA Ag/Au/Pt A AR S AL
PERE AR AR A AT F R

4 HWEs

SIS YR A N AT, DA VS Al 20 min
e 2l U AR BRI T (1 i 450X, GCE 1A FH T 43
£ 30 nm ALO; ¥yoRFTHE. B, WEVE. HE, LL 3.0
mmol/L AgNO; #1 0.5 mol/L HCIO, V& & BAE by Hi i
i, RAMEHRAEAE—0.5 V IUR Ag kb, Ui
B 4X10 7 C, A1 E] Ag 5 1 BBk A%
(Ag/GCE); ¥ Ag/GCE JHU& 4 3.0 mmol/L HAuCl, %
R 5 min, FETRNITRE(S), R Au B
Ag/Au/GCE.

3Ag+HAuCl, — Au~+3AgCl+HCI (5)

¥ Ag/Au/GCE 1E TAEHM, LA 0.75 mmol/L
H,PtClg A1 0.5 mol/L H,SO, A FLR JFA, #£—0.2 V [
AR, DU — @R Pt B&EH Pt BN
Ag/Auw/PYGCE. i SR piAR i, & AR & Pt
il Ag/Auw/PYGCE. [FIN¥ AL GCE & A 0.75
mmol/L H,PtClg #1 0.5 mol/L H,SO, ¥ i B i b, 7
—0.2 VAL, KHE AL LR %% 40 Pt &1 ) GCE 4%
RRAEXS LG, HUTRL Pt [R5 W, TR HRCE N
100%[A 46 2F 1, I 7 Fi(6) 5 27,

2154 http://sioc-journal.cn

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

<

Q.
7 (6)

O MYTRR LS, M 4 Pt IF /K it 5(195.08 g/mol), F
LS H $(96485 C/mol), Z 4 L AL H(PtY —Pt°,
ZACHL 4). RSO, WA UL Z AL, Pt IR LR
B 1}1074 C, KR Wk 0.71 pg/em’.

We=
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