
Facile Synthesis of Co-Pt Hollow Sphere Electrocatalyst

Ge Chen,† Dingguo Xia,*,† Zuoren Nie,† Zhenyao Wang,† Lei Wang,† Lei Zhang,‡ and
Jiujun Zhang*,‡

College of EnVironmental & Energy Engineering, Beijing UniVersity of Technology (BUT-CEEE),
Chaoyang district 100022, Beijing, P.R. China, and Institute for Fuel Cell InnoVation,
National Research Council of Canada (NRC-IFCI), VancouVer, BC, V6T 1W5 Canada

ReceiVed September 29, 2006. ReVised Manuscript ReceiVed February 6, 2007

In this paper, successful one-step chemical synthesis of Co-Pt hollow spheres with adjustable
composition was developed in an effort to explore new synthesis methods, simplify the synthesis procedure,
and improve the synthetic efficiency. In this synthesis, a direct thermolytic reduction of platinum
acetylacetonate [Pt(CH3COHCOCH3)2] and cobalt(II) acetate [Co(CH3COO)2] in refluxing ethyl glycol
was explored. In the reacting mixture, an anionic surfactant sodium dodecyl sulfate (SDS) was used as
the capping and structure-directing agent. These Co-Pt hollow spheres demonstrated enhanced
electrocatalytic activity toward methanol oxidation in comparison with Pt nanoparticles, which is crucial
for anode electrocatalysis in DMFCs.

Introduction

In an effort to improve catalyst activity and stability, Pt-
based catalysts, which are the most practical catalysts for
fuel cell applications, have been synthesized for the purpose
of reducing catalyst particle size (nanolevel) and optimizing
the particle structure.1 The hollow metal structure, one of
the important particle structures, has attracted a great deal
of attention due to their distinguished properties from their
solid counterparts.2 To obtain a catalyst with a hollow metal
structure, the methodological development is fairly critical.
In recent years, several methods based on a template-directed
synthesis have been successfully demonstrated in generating
such structures.3 Among the methods employed, template-
engaged synthesis using galvanic replacement reactions is
the one more commonly used. Recently, Co-Pt hollow
spheres with super-paramagnetic properties were successfully
synthesized by Vasquez et al. using a galvanic replacement
method.4 In this method, a strategy to control the reduction
potential differences of two or more metals was employed
and hollow metal structures were obtained.5 However, the

difficulty in independently controlling the individual dimen-
sions and wall thicknesses of the resulting hollow particles
is believed to be a drawback of this method.6 It is also
recognized that a bimetallic catalyst has advantages over a
single-metal catalyst in many aspects. For example, a Pt-
Ru alloy used as the anode catalyst in direct methanol fuel
cells (DMFCs) has a much higher catalytic activity toward
methanol oxidation than pure Pt.7 Therefore, a bimetallic Pt-
based catalyst with a hollow structure is fairly attractive.

In this paper, a successful one-step chemical synthesis of
Co-Pt hollow spheres with adjustable composition was
developed in the effort to simplify the synthesis procedure
and improve the efficiency. In this synthesis, a direct
thermolytic reduction of platinum acetylacetonate and cobalt-
(II) acetate in refluxing ethylene glycol was explored. The
anionic surfactant sodium dodecyl sulfate (SDS) was used
as the capping and structure-directing agent in the reacting
mixture. The prepared Co-Pt hollow spheres demonstrated
enhanced electrocatalytic activity for methanol oxidation
compared with Pt and CoPt nanoparticles, which is very
important for the anode electrocatalysis of the direct methanol
fuel cells (DMFCs).

Experimental Section

In a typical hollow CoPt nanoparticle synthesis, 0.05 g of
platinum acetylacetonate [Pt(CH3COHCOCH3)2], 0.032 g of cobalt-
(II) acetate [Co(CH3COO)2], and 0.25 g of sodium dodecyl sulfate
(SDS) were dissolved in 50 mL of ethylene glycol solvent to form
a reacting mixture. The reacting mixture was then maintained at a
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reflux temperature of 198°C in a three-necked flask until a black
precipitate was obtained on the bottom of the flask. The black
precipitate was filtered out, washed with double-distilled water
several times, and dried at ambient conditions. For comparison,
the Pt nanoparticles were prepared in a similar manner except the
cobalt acetate was absent. The CoPt nanoparticles were prepared
according to the literature.8 All experiments were performed at
ambient conditions. For analysis using the transmission electron
microscope (TEM), the samples were ultrasonically dispersed in
water and then dropped on the carbon-coated copper grids. A JSM
6500F field emission scanning electron microscope (SEM) and a
JEOL JEM 2010 transmission electron microscope operated at 200
kV were employed in the study of the morphology of Co-Pt hollow
spheres. X-ray powder diffraction (XRD) was carried out on a
Bruker D8 Advance X-ray diffractometer under Cu KR radiation.
For chemical composition analysis, an IRIS Intrepid ER/S ICP-
AES was used. For X-ray photoelectron spectroscopy (XPS)
measurements, a Physical Electronics PHI Quantera SXM (with
monochromatized Al KR radiation and an energy resolution of 0.5
eV) was used. Electrochemical measurements were conducted in
an electrochemical cell with a three-electrode configuration at room
temperature. An electrochemical system (Princeton Applied Re-
search (PAR) 273) was used through all the measurements. The
working electrode was a glassy carbon disk with a diameter of 4.0
mm, polished with Al2O3 paste, and washed ultrasonically in
double-distilled water. To prepare the suspension, a 1.5 mg sample
of the dried hollow CoPt spheres was weighed out. To this, 1.0
mL of ethanol and 5µL of 2% Nafion solution were added. The
resulting mixture was sonicated in a bath-type ultrasonicator for
0.5 h. Suspensions of Pt NPs and CoPt NPs were prepared using
the same method. The nanoparticle suspension described above was
coated onto a 4 mmdiameter glassy carbon disk (GC) electrode

and allowed to dry in air. A Pt wire was used as the counter
electrode, and a reversible hydrogen electrode (RHE) was used as
the reference electrode. Aqueous solutions of 0.5 M H2SO4 and
0.5 M H2SO4 containing 1.0 M methanol were used for the
electrolytes.

Results and Discussion

Figure 1a shows bright-field (TEM) micrograph of the
Co-Pt hollow sphere structures. An average diameter of the
hollow spheres was determined to in the range of 100-200
nm, which was also confirmed by the scanning electron
micrograph (SEM) photo shown in Figure 1c. A high-
resolution TEM micrograph (Figure 1b) shows that the shell
is comprised of some smaller nanoparticles, which can also
be observed by a high-resolution SEM image (Figure 1d).

One important observation was that the atomic ratio of
Co/Pt in the spheres can be adjusted by simply changing
the amount of the SDS in the reacting mixture. For example,
at SDS concentrations of 0.15 g/50 mL, 0.25 g/50 mL, 0.35
mg/50 mL, and 0.5 g/50 mL, the Co-Pt composition was
changed to Co40Pt60, Co32Pt68, Co21Pt79, and Co09Pt91, re-
spectively, with an almost constant sphere structure and wall
thickness. With regards to this behavior, more work is
underway to obtain a fundamental understanding. The
selected area electron diffraction patterns (SAED) of the
hollow sphere structures are shown as the inset in Figure
1b. The SAED indicates that the Co-Pt bimetal in the
spheres has a face-centered cubic (fcc) structure. The powder
XRD results also confirmed such a structure. However,
compared to the pure Pt nanoparticles, the diffraction angles
of these Co-Pt hollow spheres were shifted to the higher
positions, reflecting the lattice contraction due to the partial
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Figure 1. (a) TEM image of the Co-Pt hollow spheres with a bar scale of 200 nm; (b) HRTEM image of the Co-Pt hollow spheres with a bar scale of
100 nm; (c) SEM image of the Co-Pt hollow spheres with a bar scale of 1µm; and (d) HRSEM image of the Co-Pt hollow spheres with a bar scale of
100 nm.
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substitution of Pt by Co. As shown in Figure 2, the peak
position of the (111) diffraction shifts toward a high angle
with decreasing SDS concentration in the reaction mixture,
suggesting that more Co atoms have been replaced by the
Pt atoms. This result is also consistent with the ICP-AES
results mentioned above. We also noticed that the widths at
half-maximum of the (111) peak particle increased with the
decreasing SDS concentration, which indicated the hollow
CoPt particles’ size decreased with the increase of Co
composition. By using the Scherrer equation, we calculated
the average particles size to be 9.7 nm (Pt nanoparticles),
7.3 nm (Co09Pt91), 5.9 nm (Co21Pt79), 5.8 nm (Co32Pt68), and
4.3 nm (Co40Pt60), respectively. Figure 2b shows that an
annealing treatment at 550°C (2 h) under a reducing
atmosphere (5% H2 95% Ar) can make the face-centered
cubic phase transformed to a CoPt alloy with a highly ordered
structure, as evidenced by the appearances of (001) and (110)
superlattice peaks on the upper curve. Similar results have
also been reported.9 In addition, X-ray peak widths in Figure
2 after annealing treatment become more narrow, suggesting
that heat-treatment induced particle agglomeration and
decreased the microstresses. However, the hollow structure
still remained after the annealing treatment. (The TEM image
and SAED pattern are shown in Figure S1, Supporting
Information).

Figure 3 demonstrates the XPS results showing that the
Pt 4f7/2 peak of hollow Co32Pt68 spheres was at 71.56 eV,
compared to 71.40 eV for Pt nanoparticles. The Pt 4f peaks
are known to shift to higher energies upon forming Co
alloys.10 However, no PtOx species were observed. The
change in the electronic character of Pt will mostly affect
C-H cleavage occurring at low overpotential.

The possible formation mechanism of the hollow Co-Pt
spheres should involve the SDS micelle formation and the

ferromagnetic Co-Pt nanoparticle aggregation. In the react-
ing mixture, the SDS will form micelles as reported in the
literature.11 The Co-Pt alloy nanoparticles produced by the
co-reduction of Pt(acac)2 and cobalt(II) acetate, which are
ferromagnetic,8 like to aggregate themselves along the SDS
micelle surface under the magic dipole-dipole interaction
and then form a hollow structure after the inner SDS is
removed by water washing. Similar arguments can be found
in the literature for the formation of Co nanorings12 and 1D
nanostructure of Co nanoparticles.13

The electrocatalytic activity of the Co-Pt hollow spheres
toward the oxidation of methanol was tested and the results
were compared with those obtained on solid Pt nanoparticles
(NPs) and CoPt nanoparticles (NPs). The measurements were
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Figure 2. (A) XRD patterns for Pt nanoparticles (a) and Co-Pt hollow spheres synthesized at different concentrations of SDS: (b) 0.5 g/50 mL SDS; (c)
0.35 g/mL SDS; (d) 0.25 g/mL SDS; (e) 0.15 g/mL SDS. (B) XRD pattern of Co-Pt hollow spheres, before (lower curve) and after (upper curve) annealing
treatment at 550°C for 2 h under reducing atmosphere (5% H2 in Ar). Diffraction patterns were collected on a Bruker D8 Advance X-ray diffractometer
under Cu KR radiation.

Figure 3. XPS spectrum for Pt 4f peak of Pt nanoparticles (A) and Co-Pt
hollow spheres (B).
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carried out in a 0.5 M H2SO4 aqueous solution and 0.5 M
H2SO4 aqueous solution containing 1.0 M methanol. Figure
4A plots the voltammetry curves of samples in 0.5 M H2-
SO4, The current densities in the hydrogen adsorption/
desorption and oxide formation/reduction regions of the
hollow CoPt spheres are much larger than those of Pt NPs
and CoPt NPs, indicating larger electrochemical surface areas
for hollow Co-Pt spheres, which are believed to be a result
of the hollow structure. Figure 4B shows the voltammetry
curves of samples in 0.5 M H2SO4 containing 1 M MeOH.
Although all samples show catalytic activities toward the

methanol oxidation, the peak currents catalyzed by the Co-
Pt hollow sphere are much larger than those for Pt NPs and
CoPt NPs. The current density at a specified potential is a
clear measure of electrocatalytic efficiency. However, in
making comparisons one needs to take into account the fact
that the different samples had different particle sizes and
distribution. Thus, to make meaningful comparisons, the
currents were normalized to the electrochemical surface area
of the respective catalysts. (The specific electrochemical areas
of nanoparticles that were calculated from theHupd, assuming
Co has no effect on hydrogen adsorption/desorption behavior,
are listed in Table 1). Current density values for the different
materials at various potentials are presented in Table 1. The
hollow Co32Pt68 spheres showed better activity compared to
Pt NPs and other Co-Pt samples at 0.5 V. The better
performance of hollow Co32Pt68 spheres at 0.5 V could have
been due to changes in lattice structures or the electronic
properties of the Co-Pt bimetal. At 0.7 V, the current density
of hollow Co-Pt spheres is a little lower than Pt NPs.
However, due to their larger electrochemical surface areas,
hollow Co-Pt samples still showed superior catalytic activity
when compared to Pt NPs with the same Pt loading. After
annealing, both the electrochemical surface areas and current
densities of the hollow Co-Pt spheres decreased, the former
possibly due to particle agglomeration and the latter possibly
due to a change of Pt-Pt bond in the annealing process,
which plays an important role in the electrocatalytic pro-
cess.

Conclusions

In summary, a Co-Pt catalyst with a hollow sphere
structure has been synthesized via a very simple thermolytic
reaction. The Co-Pt composition can be easily adjusted by
controlling the amount of SDS. With the increase of SDS in
the reacting mixture, the ratio of Co/Pt in hollow Co-Pt
spheres decreased, and particle sizes decreased with the
increasing ratio of Co/Pt. Compared to the pure Pt nano-
particle catalyst and Co-Pt nanoparticles, this Co-Pt hollow
sphere catalyst exhibited a superior electrocatalytic activity
toward the methanol oxidation reaction at the same Pt
loading.
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Table 1. Electrochemical Characteristics of Co-Pt Hollow Spheres, CoPt Nanoparticles, and Pt Nanoparticles

sample

electrochemical
surface areasa

(cm2 mg Pt) jk at 0.50 Vb vs RHE jk at 0.70 Vb vs RHE
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a Using a charge forHupd of 210 µC cm-2. b Normalized to the electrochemical surface area.

Figure 4. (A) Cyclic voltammograms of Co-Pt hollow spheres (Co32-
Pt68), Co28Pt72 nanoparticles, and Pt nanoparticles in 0.5 M H2SO4; (B)
cyclic voltammograms of Co-Pt hollow spheres (Co32Pt68), Co28Pt72

nanoparticles, and Pt nanoparticles in 0.5 M H2SO4 containing 1 M
methanol. Scan rate 200 mV/s. Pt loading 5µg.
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