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Electrocatalysis on Oxidation of Methanol and SERS Investigations
of Au@Pt Monolayer Film
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Abstract Au@Pt core-shell nanoparticles were successfully synthesized via the seed-mediate growth
method and were self-assembled to be a monolayer film at the water/hexane interface. After being carefully
transferred onto a glassy carbon (GC) electrode, a monolayer film electrode was fabricated with high Au@Pt
surface-to-volume ratio. It was found that good dispersion of Au@Pt core-shell nanoparticles on the surface
of GC electrode was achieved, resulting in the uniform monolayer film electrode. It was resulted that the
as-prepared monolayer film electrode exhibited high electrocatalytic activity for methanol oxidation. More-
over, the monolayer film exhibited excellent surface enhanced Raman spectroscopic (SERS) activity due to
the long-range enhancement effect from the Au nanoparticles core, which was well recognized as a good
SERS substrate. Therefore, it can be served as a SERS substrate for investigating the surface adsorption and
reactions at the molecular level. According to these advantages of the monolayer film electrode, the reaction
process of methanol oxidation was monitored by in situ SERS detection via combining the strong SERS ac-
tivity and the high electrocatalytic activity of the monolayer film electrode. The data supplies the basis on
analyzing the mechanism of methanol oxidation on Au@Pt film/GC electrode.
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Figure 1 TEM images of Au (a) and Au@Pt (b) nanoparticles
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Figure 2 Cyclic voltammograms of Au nanoparticles (dash dot
line) and Au@Pt (solid line) on the GC electrode in 0.5 mol/L
H,S0O,4 aqueous solution. Scan rate: 100 mV/s
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Figure 3 SEM image of Au@Pt nanoparticle film spreading on
a Si wafer
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Figure 4 (a) SERS spectra of 1,4-BDT on the Au@Pt film from
100 different area and (b) a statistic histogram of band at 1565
cm' from 100 SERS spectra



1330 =

Vol. 70, 2012

17%, 4% F 5% £t SERS 50 [ 2 445 30% /547,
K2 78%(1) s Y) SERS SRFEM Z7E 10% LA, % T
Au@Pt GKbL T EERHE Si A LA IS s A T AH [H)
(S50, IR TS 22 [ SERS 55 mZERK. K
PLEL R A5 S 2 I SERS 15 5l 255 KA 80%.
LR R AR A b Rt e, SERS 3P H 0 (1 B 1k
BENLEERR K, w4 iR 22, DRI oG A 20 A AN 34, fh itk
AL UL, AR AR S 0 R B ARRL A R
FeHES), SERS V&AL 4r AT 34A), i Ho e TSt vk 4
H, aiKRiFHEZ R %, BN, AT B i,
SRAFRBRI) SERS {55, PIUZILE [ E A & IE 115
SERS #LJiE.
24 Au@Pt RRLFRERY B EL R SERS #iR
5@z A F1 B 2 5& Au@PyGC(imAl
Au@Pt/GC(JZIE) WA HLFAE 0.5 mol/L CH;OHH0.5
mol/L H,SO4 " HIEIMR 2. S 11 LLEE, X pypf
BB EFTE Pt@Aw KR AT 3 —1k, 1
AR, BEHA TS, AR AR N, IR 0.65
V Tk B NE, ZJE N AR, A
@

0.08

0.06

0.04

I/(mA-mg™)

0.02

0.00

-0.02

00 02 04 06 08 10
EN (vs. SCE)

0.020
0.0151

0.0104:

I/(mA-mg!)

0.0054 *

0.000

0 20 40 60 80 100
t/min

B 5 (a) Au@Pt/GC (A)F Au@Pt/GC (B)HLFZAF 0.5 mol/L Y
BEAN 0.5 mol/L BRI IR 2 s FHHEE D 100 mV/s;
(b) TEE{E Au@PY/GC (AR Au@Pt/GC (B) A it isf LA it
2, PR ALAE 0.65 V

Figure 5 (a) Cyclic voltammograms of different electrodes in
0.5 mol/L CH3;0H+0.5 mol/L H,SO,4(A) Au@Pt/GC (dash line)
(B) Au@Pt film/GC (solid line). Scan rate: 100 mV/s; (b)
Chronoamperometric curves of oxidation of CH;OH on (A)
Au@Pt/GC and (B) Au@Pt film/GC electrodes at 0.65 V
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