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Abstract Electrocatalytic oxidation of carbon monoxide
and methanol at Pt nanoparticles confined in mesopor-
ous molecular sieve SBA-15 was studied by using cyclic
voltammetry and in situ FTIR spectroscopy. Cyclic
voltammetric studies revealed that the Pt nanoparticles
confined in SBA-15 exhibit a high activity in the pres-
ence of hydrated phase consisting of SiO2 in the SBA-15.
In situ FTIR spectroscopy results discovered that IR
absorption of CO adsorbed on Pt nanoparticles confined
in SBA-15 has been enhanced 11-fold, and the full-width
at half-maximum of the CO band is significantly in-
creased, in comparison with IR feature of CO adsorbed
on a bulk Pt electrode. The linearly adsorbed CO species
is the only intermediate derived from dissociative
adsorption of methanol, which is more readily oxidized
to form CO2 in the aid of the active oxide in SBA-15.

Keywords SBA-15 molecular sieve Æ Pt nanoparticles Æ
CO Æ Methanol Æ Electrocatalytic oxidation

Introduction

Electrocatalytic oxidation of methanol on different Pt
electrodes has been widely studied because of its

importance in both fundamental electrocatalysis and
applications in direct fuel cells. It is generally agreed
that, the anodic oxidation of methanol occurs through a
dual-path reaction mechanism, i.e., the path via reactive
intermediates and the path via poisoning intermediates.
Presently, the key issue mainly consists in both the low
electrocatalytic activities and easy poisoning of the an-
ode catalysts [1]. In order to improve the catalytic
properties and to minimize the poisoning effect of anode
catalysts evoked by the intermediates of methanol dis-
sociative adsorption, composite catalytic systems, such
as Pt/C [2], Pt alloy [3], Pt oxides [4], Polymer (Pt)/GC
[5–7] etc, were investigated. Early studies have already
shown up that the enhanced electrocatalytic activity
might be attributed to the fitting diameter and the uni-
form dispersion of Pt microparticles [2, 6]. SBA-15 [8] is
a new type of mesoporous molecular sieve or silica with
a highly ordered hexagonal arrangement of cylindrical
mesopores. This material possesses a narrow pore size
distribution and thicker pore walls that accounts for a
higher hydrothermal stability than that of the molecular
sieve MCM-41 [9]. In addition, different kinds of metals
can be incorporated into SBA-15 by direct synthesis [10]
or post synthesis methods [11]. These properties make
the SBA-15 potentially useful as a supporting material
for catalytic applications. In the present paper, Pt
nanoparticles confined in SBA-15 silica were prepared,
and the electrocatalytic oxidation of CO and methanol
on the nanomaterials were studied by using cyclic vol-
tammetry, programmed potential step technique and in
situ FTIR spectroscopy.

Experimental

Synthesis of SBA-15

SBA-15 used in this work was synthesized in a similar
manner as reported elsewhere [12, 13]. Typically, a
homogeneous mixture comprised of Pluronic P123
triblock copolymers (EO20PO70EO20) and tetraethyl
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orthosilicate (TEOS) in hydrochloric acid was stirred at
308 K for 24 h and further treated at 370 K for 24 h to
obtain as-synthesized SBA-15. The as-synthesized SBA-
15 was separated by filtration, followed by repeated
washing with deionized water, drying in vacuum at
313 K and calcinating at 923 K for 6 h. The pore
diameter of SBA-15 synthesized in above manner is ca.
5 nm, as well as the BET surface area is ca. 645 m2 g�1

and the pore volume is ca. 0.80 cm3 g�1.

Preparation of electrodes

K2PtCl6 was introduced into SBA-15 by impregnating
the SBA-15 in a solution of K2PtCl6 for 48 h. The
mixture was heated in air at 353 K for 8 h to vaporize
water, following at 473 K for 24 h, and then it was
washed with Millipore water. The process was repeated
thrice. The material thus prepared was dispersed
through magnetic force stirring in a solution of dich-
lorethane containing polyvinyl chloride (PVC) to form a
suspension. A glassy carbon (GC) electrode was pol-
ished mechanically with alumina from 1.0 lm down to
0.05 lm followed by sonication to remove debris. A
defined quantity of the suspension was applied to the
clean surface of GC substrate to form a thin film elec-
trode, which was dried in air for about 20 min. The
K2PtCl6 embedded in SBA-15 was reduced to produce
Pt nanoparticles in 0.1 M H2SO4 solution through po-
tential cyclic scanning between 0.10 V and �0.25 V. The
prepared electrode was designated as Pt-SBA-15/GC.

In situ FTIR spectroscopy

In situ FTIR spectroscopic measurements were carried
out on a Nexus 870 FTIR spectrometer (Nicolet)
equipped with an EverGlo IR source and a liquid
nitrogen-cooled MCT-A detector. An electrochemical
IR cell of a thin layer configuration was employed. A
CaF2 disk was used as IR window, and the electrode was
pushed against the window to form a thin layer during
FTIR measurements. The multi-step FTIR (MS-FTIR)
spectroscopy procedure [14] was used in the present
study. In this procedure, a series of single-beam spectra
at sample potentials (ES) and a single-beam spectrum at
reference potential (ER) were collected, respectively. The
resulting spectra were calculated using

DR=R ¼ RðESÞ � R ERð Þð Þ=R ERð Þ ð1Þ

where R(ES) and R(ER) are single-beam spectra collected
at sample potential ES and reference potential ER,
respectively. According to Eq. 1, a negative-going band
can be ascribed to IR absorption at ES and a positive-
going band is ascribed to IR absorption at ER. Each
single-beam spectrum was recorded by collecting and co-
adding 400 interferograms at a spectral resolution of
8 cm�1.

Other experimental conditions

The experiments of X-ray diffraction (XRD) were
carried out on a diffractometer of X’ pert PRO (Japan)
with Ka of Cu target as radiant point. The cyclic
voltammetric and programmed potential step studies
were carried out on a CHI-660A electrochemical
workstation (Chenhua Corporation, Shanghai China).
All chemicals were analytical grade. The solutions were
prepared with Millipore water. Before each measure-
ment, the solution was degassed by bubbling pure N2

gas to the cell for 10 min. The CO adsorbed on Pt-
SBA-15/GC electrode (denoted as COad-Pt-SBA-15/
GC) was obtained by purging CO of high-purity
(99.95%) along with potential cyclic scanning between
0.0 V and �0.25 V for 20 min. The solution CO spe-
cies were then removed by purging pure N2 gas. The
reference electrode used was a saturated calomel elec-
trode (SCE), and potentials reported in the present
paper are those with respect to the SCE scale. The
geometric surface area of electrode was used to cal-
culate current density, except the comparison of
methanol oxidation transients on the Pt-SBA-15/GC
and a Pt polycrystalline bead electrode in Fig. 6, where
the effective surface area of the electrode was deter-
mined from under-potential deposition (UPD) of a
monolayer of hydrogen (�210 lC cm�2), as commonly
used by other authors [15]. The performance of Pt-
SBA-15/GC electrode for CO and methanol oxidation
was generally evaluated at 50 mV s�1 in a solution of
0.1 M H2SO4 and 0.1 M H2SO4+0.05 M CH3OH
respectively, unless stated otherwise. All experiments
were carried out at room temperature.

Results and discussion

XRD characterization

Figure 1 shows XRD spectra of SBA-15 silica (a)
without and (b) with K2PtCl6 loading. Three diffraction
peaks appear in the two spectra, which are attributed to
the characteristic diffraction peaks of (100),(110) and
(200) for SBA-15, respectively [8, 12, 13]. The XRD
result demonstrates that the SBA-15 still presents the
structure of typical hexangular phase in 2h=0.5��2�
after loading K2PtCl6, indicating that the SBA-15 re-
tains the regular mesoporous structure well. In addi-
tion, it is worthy to note that, after impregnating
K2PtCl6 into SBA-15, the peaks have slightly shifted
positively, the intensity of the peaks has decreased to a
certain extent, while the full width at half-maximum
(FWHM) of the peaks that is normalized by height has
increased. These three features are attributed to the
shrinking of the mesoporous channel, implying that
K2PtCl6 has been introduced into the channel of SBA-
15 successfully.
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Electrocatalytic oxidation of adsorbed CO

Figure 2 shows the stable cyclic voltammograms (CVs)
of SBA-15/GC, Pt-SBA-15/GC, and COad-Pt-SBA-
15/GC in 0.1 M H2SO4 solution. The CV curve of
Fig. 2(a) displays only double layer charging current.
Well-known CV features of a Pt polycrystalline elec-
trode can be observed from Fig. 2(b). Two distinct
pairs of current peak between �0.25 V and 0.05 V are
the characteristic CV features for hydrogen adsorp-
tion–desorption. Pt oxide is formed in the positive-
going potential sweep (PGPS) up to potentials above
0.6 V. In the reverse scan, a reduction current peak of
Pt oxide is seen at 0.45 V. It can be observed from
Fig. 2(c) that the hydrogen adsorption–desorption
current is suppressed when the electrode surface is

covered with CO. The onset potential of COad oxida-
tion is measured at about 0.10 V, which is about
0.40 V lower than that measured in the CVs of a bulk
Pt electrode [16, 17]. This fact indicates that the
Pt-SBA-15/GC electrode possesses a good electrocata-
lytic activity for COad oxidation. Moreover, the oxi-
dation of COad occurs in a wide potential region lying
between 0.1 V and 0.8 V. Such CV features may be
attributed to the following two factors: first, CO can
adsorb in SBA-15 channel. Such porous materials are
often used as adsorbent for gas [18, 19]. Therefore,
after the active Pt sites are empty out due to COad

oxidation, the gaseous CO in SBA-15 channel will
diffuse to Pt nanoparticles and absorb on the active Pt
sites quickly. It will, on the one hand, make CO oxi-
dation occur in a wide potential range; on the other
hand, it will also make the charge of CO oxidation
large as compared to the charge of hydrogen adsorp-
tion–desorption on a smooth bulk Pt electrode. Second,
CO can adsorb on different Pt sites. Besides the pri-
mary hexagonal cylindrical channel, SBA-15 still pos-
sesses a lot of micropores or microchannels that have
put up bridges between the primary channels [20].
When Pt nanoparticles are embedded in the above
different locations, it will also ultimately result in the
different oxidation potentials for COad in a large range.
The COad oxidation current disappears after one po-
tential cyclic scanning, indicating that COad can be
easily oxidized on Pt-SBA-15/GC electrode. This may
be attributed to the hereinafter two factors. First, there
is a lot of silicon-hydroxyl (Si-OH) in the inner surface
of SBA-15 channel, which could have a strong inter-
action with Pt nanoparticles, so it may serve as the
active oxide species for COad oxidation. Second, SBA-
15 possesses mesoporous channels, the CO2 derived
from the oxidation of COad can diffuse easily from the
SBA-15 to bulk solution. This is different from
the microporous zeolite, in which the restriction of the
supercage window in zeolite has resulted in the diffi-
culty of COad oxidation [21, 22]. The results in Fig. 2(c)
may confirm, on the other hand, that the diffusion of
the molecule or ion is less constrained in SBA-15.

Figure 3 shows the MS-FTIR spectra of CO ad-
sorbed on Pt-SBA-15/GC electrode in 0.1 M H2SO4

solution. ES was varied from �0.30 V to 0.10 V, in
which COad species are stable. ER was set at 1.00 V,
where COad species are oxidized to form CO2. Three IR
bands could be observed. The negative-going bands
around 2,055 cm�1 and 1,850 cm�1 are assigned to IR
absorption of linearly bonded CO (COL) and bridge
bonded CO (COB) at ES, respectively. Besides the COL

and COB bands, a positive-going band near 2,345 cm�1

is ascribed to IR absorption of CO2 species that were
derived from the oxidation of COad at ER. In compari-
son with the IR adsorption of COad on a bulk Pt elec-
trode, a supplementary COB IR band is observed on
Pt-SBA-15/GC electrode due to the enhanced IR
adsorption (EIRA) phenomenon [21, 23]. To evaluate
quantitatively the effect of IR enhancement absorption

Fig. 2 Cyclic voltammograms of a SBA-15/GC, b Pt-SBA-15/GC,
and c the oxidation of adsorbed CO on Pt-SBA-15/GC, in 0.1 M
H2SO4, sweep rate 50 mV s�1
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Fig. 1 XRD spectra of SBA-15 silica a without b with K2PtCl6
loading
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on Pt-SBA-15/GC electrode, we define an enhancement
factor (D IR) that is equal to the ratio of the normalized
COad intensity on the Pt-SBA-15/GC electrode versus
that on a bulk Pt electrode, i.e.,

DIR ¼ ðNACOad
ÞPt� SBA�15=GC

ðNACOad
ÞPt

¼
ACOad

Pt�SBA�15=GC

ACO2

Pt�SBA�15=GC

�
ACOad

Pt

ACO2

Pt

ð2Þ

where ACOad

Pt�SBA�15=GC and ACO2

Pt�SBA�15=GC refer to inte-

grated intensities of the COad (COL+COB) and CO2 IR
bands, respectively, measured in IR spectra of Pt-SBA-
15/GC electrode from Fig. 3; ACOad

Pt and ACO2

Pt are the
integrated intensities of the COad (COL) and CO2 bands,
respectively, acquired from the IR spectra of a bulk Pt
electrode [23]. From Eq. 2, the calculated D IR equals 11,
indicating that IR absorption of COad has been en-
hanced 11 times on Pt-SBA-15/GC electrode. Besides
the enhancement of IR absorption of COad, the COad

bands are broadened on Pt-SBA-15/GC. The value of
the full width at half-maximum (FWHM) of the COL

band in Fig. 4 is measured to be 28 cm�1, which is
13 cm�1 broader than that measured from the spectrum
of a bulk Pt electrode (15 cm�1) [23]. The EIRA is as-
cribed to the nanometer scale effect of Pt nanoparticles
and also to the particular environment of COad–Pt sys-
tem that is confined in the channel of SBA-15.

It is well known that the ‘‘self-poisoning’’ phenome-
non in electrocatalytic oxidation of small organic mol-
ecules is a fundamental subject in electrocatalysis field.
This phenomenon is due to carbonyl intermediates
formed by a spontaneous dissociation process, denoted
the poisoning intermediates or poison. The carbonyl
intermediates will be oxidized into CO2 in the presence
of active oxide species, which is formed at a relative high
potential for a Pt polycrystalline electrode. Since both

COad can be easily oxidized and the IR absorption of
COad is enhanced on Pt-SBA-15/GC electrode, it is
preferable to study the methanol oxidation on Pt-SBA-
15/GC electrode.

Electrocatalytic oxidation of methanol

Studies of cyclic voltammetry

Potential cyclic scanning at a scan rate of 50 mV s�1

was carried out on a newly prepared Pt-SBA-15/GC
electrode in 0.1 M H2SO4 containing 0.05 M CH3OH
solution, and the CVs are shown in Fig. 4. It can be
seen that the current density of methanol oxidation
increases progressively with the increase in the number
of potential cyclic scanning, and the peak current
density reaches stable values after about ten cycles, as
shown in the inset. On the contrary, the redox peaks
appearing at �0.20 V to 0.05 V, which is the charac-
teristic of hydrogen adsorption–desorption, decrease
gradually along with the increase in the scanning
number. The phenomenon illustrates that the three
processes, i.e., adsorption of methanol, dissociative
adsorption of methanol, and adsorption–desorption of
hydrogen, are competitive to each other on Pt-SBA-15/
GC electrode [24, 25], and the surface structure may
become favorable to the adsorption and the oxidation
of methanol during the continuous potential cyclic
scanning. It can be observed that the current begins to
increase rapidly just above 0.15 V, and an oxidation
peak appears at around 0.53 V in the PGPS. This
oxidation peak is assigned to the oxidation of both
reactive intermediates, referred to as the direct oxida-
tion of methanol, and the poisoning species derived
from methanol dissociative adsorption. In the negative-
going potential sweep (NGPS), an oxidation current
peak attributed to the direct oxidation of methanol
emerges at about 0.36 V, right after a small reduction
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Fig. 3 In situ MS-FTIR spectra of CO adsorbed on Pt-SBA-15/GC
in 0.1 M H2SO4. ER=1.00 V, ES is indicated for each spectra

Fig. 4 The growing cyclic voltammograms of the newly prepared
Pt-SBA-15/GC in 0.1 M H2SO4+0.05 M CH3OH solution, sweep
rate 50 mV s�1. Inset is the stable voltammogram
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peak appearing at 0.45 V. It is worth mentioning that
the peak potential of methanol oxidation in the PGPS
shifts negatively by about 0.10 V as compared to the Pt
modified polymer electrodes [5, 7], indicating that the
Pt-SBA-15/GC electrode exhibits high electrocatalytic
activity for methanol oxidation. The description of the
oxidation peak and the possible mechanism are inter-
preted in detail elsewhere [26, 27], which emphasized
the effect of the diversified Pt oxide on the character-
istic of the methanol oxidation.

In order to further reveal the correlation between
methanol oxidation and Pt oxide species, we have
studied the effect of upper limit potentials (EU) in
cyclic potential scanning on the methanol oxidation.
Figure 5 shows typical CV curve of methanol oxida-
tion on the Pt-SBA-15/GC electrode for EU of 0.80 V.
In this upper limit potential, the Pt oxides with high
valence haven’t developed greatly, so the effect of the
Pt oxides with high valence on methanol oxidation in
the NGPS is comparatively small. It can be seen that
the potential of methanol oxidation peak remains
invariable in the PGPS, while the potential of metha-
nol oxidation peak shifts positively by about 0.06 V in
the NGPS and the peak current density is almost equal
to that in the PGPS. The fact that the current density
of methanol oxidation in the NGPS and the PGPS are
almost equal, illustrates that the methanol oxidation in
the PGPS mainly takes place via the path of direct
oxidation, and the dissociative adsorption of methanol
on Pt-SBA-15/GC electrode, i.e., the ‘‘self-poisoning’’
phenomenon may be negligible. For comparison, the
CV curve obtained on a Pt polycrystalline electrode in
the close potential range, reported in literature [28],
shows a different case. The current density of methanol
oxidation in the PGPS was much higher than that in
the NGPS due to the oxidation of dissociative
adsorption species in the PGPS, and the total current

density of methanol oxidation dramatically decreased
with the increase in the number of potential cyclic
scanning [28], indicating that the dissociative adsorp-
tion of methanol can easily occur on a Pt polycrys-
talline electrode.

Studies of programmed potential step

Figure 6 shows the comparison of j�t curves for meth-
anol oxidation on Pt-SBA-15/GC electrode and on a Pt
polycrystalline electrode at 0.50 V. It can be seen that
the methanol oxidation current on Pt polycrystalline
electrode decays rapidly with the time, and the current in
j–t curve is almost zero after 400 s. The rapid current
decay has been interpreted as the ‘‘self-poisoning’’ of the
adsorbed species derived from the dissociative adsorp-
tion of methanol [1, 28]. Correspondingly, the current
density of methanol oxidation on Pt-SBA-15/GC elec-
trode decreases comparatively slowly. When the time is
above 400 s, the current density reaches a relatively
stable value, which is still about one-sixth of the initial
current density. It is obvious that the Pt-SBA-15/GC
electrode exhibits a higher electrocatalytic activity and
stability toward methanol oxidation.

In order to further measure the intrinsic electrocata-
lytic activity of Pt-SBA-15/GC electrode for methanol
oxidation we have designed a program of potential
steps. As shown in the inset to Fig. 7, the procedure
contains three steps: (1) the electrode potential was first
set at 0.75 V and held for 1 s to remove all possible
adsorbates except Pt oxide formed at this potential; (2)
the potential was then stepped negative to �0.20 V, and
kept at this potential for 2 s to reduce Pt oxide and
achieve the equilibrium of the reaction system; (3) fi-
nally, the potential was stepped to oxidation potential
Eox and j�t data were recorded immediately. In order to
achieve the same initial state of electrode, first several

Fig. 5 Cyclic voltammogram of Pt-SBA-15/GC in 0.1 M H2SO4+
0.05 M CH3OH solution, sweep rate 50 mV s�1, potential range
�0.25–0.8 V

Fig. 6 j�t Transients for methanol oxidation on a Pt-SBA-15/GC,
b a Pt polycrystalline bead electrode in 0.1 M H2SO4+0.05 M
CH3OH solution. Eox=0.5 V
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potential cyclic scannings were carried out before the
potential step program was applied. Hardly any meth-
anol dissociated at �0.20 V for a stay of 2 s after step-
ping from a high potential. This programmed potential
step procedure can ensure that the oxidation of metha-
nol at Eox takes place on a clean surface of the Pt-SBA-
15/GC electrode without poisoning intermediate. A
series of programmed potential step experiments were
carried out by varying the oxidation potential EOX. The
selected j�t transient curves of methanol oxidation on
the Pt-SBA-15/GC electrode at a series of Eox are dis-
played in Fig. 7 in a three-dimensional presentation. We
observe that the amplitude of j�t transients follows a
parabolic variation and yield a maximum at around
0.50 V with the oxidation potential Eox increasing
gradually from 0.20 V to 0.80 V. It is interesting to
sample the j�t curves of Fig. 7, i.e., taking the values of j
at different ti. The sampling data were denoted as j (ti).
Therefore, the plot of j (ti) versus oxidation potential Eox

represents, in fact, the variation of intrinsic electrocat-
alytic activity of Pt-SBA-15/GC electrode for methanol
oxidation at different potential. Figure 8 shows the
comparison of j (ti)�E curves with j�E curve recorded
in the PGPS for methanol oxidation on Pt-SBA-15/GC
electrode. It can be seen clearly that the onset potential
of methanol oxidation is about 0.15 V. The j
(ti=0.1 s)�E curve was significant high in comparison
with other j (ti)�E curves as well as the j�E curve. The
decaying of j with t in the transient curves may be as-
cribed to the following two factors: the first is the effect
of the double layer charging. The transient current will
decrease quickly during the double layer charging. The
second is the effect of the methanol diffusion, particu-
larly the methanol diffusion into the channels of SBA-
15. When the original adsorbed methanol on the elec-
trode is consumed, it results in a big current decay. Since
j (ti=2 s) has reached a relative steady current shown in

the curve in Fig. 7, it may be appropriate to take the
value of j (ti=2 s) in comparison with j�E curve. It can
be seen from Fig. 8 that the j�E curve and j (t=2 s) � E
curve can inosculate each other well, which is evaluated
by peak potential and peak current density, respectively.
So the j�E curve shown in Fig. 8 may reflect the
intrinsic electrochemical properties of Pt-SBA-15/GC
electrode for methanol oxidation at different potential,
where the effect of methanol dissociative adsorption can
be negligible, and the j�E curves obtained in a contin-
uous potential cyclic scanning may be considered as the
quasi-stable activity of Pt-SBA-15/GC electrode for
methanol oxidation.

Studies of in situ FTIR reflection spectroscopy

In order to characterize the nature of methanol oxidation
on the Pt-SBA-15/GC electrode, in situ FTIRS studies
were carried out. Fig. 9 shows a series of spectra on Pt-
SBA-15/GC electrode in 0.1 M H2SO4 containing
0.05 M CH3OH solution at different ES varying from
�0.10 V to 0.30 V. The reference potential ER was set at
�0.20 V, which is below the onset potential of methanol
oxidation. Since the methanol concentration in the thin
layer may decay gradually with its consumption during
the spectra collection, we have modified the procedure of
spectra collection on the basis of MS-FTIR procedure,
which consists of a series of SPA-FTIR (single potential
alteration FTIR) [29]: (1) a set of single-beam spectra of
R(ER) at �0.2 V and R(ES) at ES1 was collected; (2) the
electrode was lifted to renew the thin layer solution, and
a set of other single-beam spectra ofR(ER) at�0.2 V and
R(ES) at ES2 was collected; (3) the procedure of (2) was
repeated except that the ESi was set at a new value. The
result spectra were calculated by using Eq. 1 and is dis-
played in Fig. 9. A negative-going peak at 2,345 cm�1 is

Fig. 7 A selected 3-D plot of j�t transients for methanol oxidation
on Pt-SBA-15/GC in 0.1 M H2SO4+0.05 M CH3OH solution. Eox

varied from 0.20 V to 0.80 V

Fig. 8 Comparison of j (ti)�E and j�E relationship on Pt-SBA-15/
GC in 0.1 M H2SO4+0.05 M CH3OH solution. j (ti) measured at
t=0.1, 0.5, 1.0, 2.0 s (from top to bottom) from j�t transients for a
given Eox in Fig. 7, and j�E curve recorded in PGPS at a scan rate
of 50 mV s�1
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observed when ES reaches 0.15 V, the intensity increases
further with increasing ES. This IR band is assigned to IR
absorption of CO2 that is derived from methanol oxi-
dation. The results indicate that the onset potential of
methanol oxidation is near 0.15 V, which is basically in
accordance with the results of CV and programmed po-
tential step studies. In comparison with Pt deposited on
Au electrode [30], the onset potential of methanol oxi-
dation on Pt-SBA-15/GC electrode is ahead by approx-
imately 0.20 V, signifying the high electrocatalytic
activity of Pt-SBA-15/GC electrode for methanol oxi-
dation. In addition, a weak positive-going band near
2,050 cm�1 ascribed to IR adsorption of COL can be
observed for ES above 0.10 V. According to Eq. 1, a
positive going band is ascribed to the loss of IR
absorption at ESi in the case of a fixed ER, which suggests
that the COL, the only intermediate derived from meth-
anol, can exist stably between�0.20 V� 0.10 V. Though
the IR absorption of COL on Pt-SBA-15/GC electrode
has been enhanced about 11 times as shown in Fig. 3, the
intensity of COL derived from methanol is still very
weak, indicating that methanol on Pt-SBA-15/GC elec-
trode is comparatively difficult to dissociate and the
intermediate thus formed can easily be removed. For
comparison, methanol can be easily dissociated to form
stable poisoning carbonyl species on bulk Pt and some Pt
modified electrodes [26, 27]. It is well known that both
the dissociative adsorption and the oxidation of metha-
nol depend strongly on the surface structure of electrode.
The SBA-15 silica could provide active oxygen species
(Si–OH) surrounding Pt nanoparticles [31] .The results
demonstrate that the formation of the poisoning CO
species is suppressed on Pt-SBA-15/GC electrode to a
large extent. Even if the intermediates form, they are
oxidized easily by the aid of the active oxygen in SBA-15

silica. This can interpret the high electrocatalytic activity
and stability of Pt-SBA-15/GC electrode toward meth-
anol oxidation.

Conclusions

In this paper, the mesoporous SBA-15 silica was used as
a nanoreactor to synthesize Pt nanoparticles that were
prepared through impregnation and following calcina-
tions, ultimately served to prepare a Pt-SBA-15/GC
electrode. The onset potential of COad oxidation appears
at about 0.10 V. The channels with active silicon–hy-
droxyl in the SBA-15 apparently exhibit less resistance
to molecular diffusion and electric charge transfer in
COad oxidation, resulting in the easy oxidation of COad.
Enhanced infrared absorption (EIRA) of Pt nanoparti-
cles confined in SBA-15 for CO adsorption was observed
by in situ FTIR spectroscopy studies, consisting of the
enhancement of IR adsorption (enhanced 11-fold) and
broadening of the COad bandwidth (broadened
13 cm�1).

The onset potential of methanol oxidation on Pt-
SBA-15/GC electrode is seen at about 0.15 V. The
chronoamperometry results discovered that Pt-SBA-15/
GC electrode possesses a higher electrocatalytic stability
toward methanol oxidation than Pt polycrystalline
electrode. In situ FTIRS results demonstrated that the
linearly bonded CO (COL) is the only intermediate de-
rived from methanol, which is suppressed on Pt-SBA-15/
GC electrode to a large extent, and is more readily
oxidized to form CO2 as the final product of the meth-
anol oxidation by the aid of the active oxide in SBA-15
silica system.
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