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Facile Synthesis of Ce-Pt Hollow Sphere Electrocatalyst
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In this paper, successful one-step chemical synthesis efREdollow 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(G@OHCOCH),] and cobalt(ll) acetate [Co(GIEOOY)] 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-Rtohollow spheres demonstrated enhanced
electrocatalytic activity toward methanol oxidation in comparison with Pt nanoparticles, which is crucial
for anode electrocatalysis in DMFCs.

Introduction difficulty in independently controlling the individual dimen-
) o - sions and wall thicknesses of the resulting hollow particles
In an effort to improve catalyst activity and stability, Pt- s pelieved to be a drawback of this metHott. is also

based catalysts, which are the most practical catalysts forrgcognized that a bimetallic catalyst has advantages over a
fuel cell applications, have been synthesized for the p“rposesingle-metal catalyst in many aspects. For examplea Pt

of reduc.ing catalyst particle size (nanolevel) and optimizing g, alloy used as the anode catalyst in direct methanol fuel
the parncle structgré.The hollow metal structure, one of 15 (DMFCs) has a much higher catalytic activity toward
the important particle structures, has attracted a great deal,athanol oxidation than pure PTherefore, a bimetallic Pt-

of attention due to their distinguished properties from their paqeq catalyst with a hollow structure is fairly attractive.
solid counterpartdTo obtain a catalyst with a hollow metal In this paper, a successful one-step chemical synthesis of

tructure, the methodological development is fairly critical. . . ).
structure, the methodological development is y critic o—Pt hollow spheres with adjustable composition was

In recent years, several methods based on a template-directeg

synthesis have been successfully demonstrated in generatingﬁ\éez?ﬁsg\g t?r?eef;?f::iteoni;/mpllr:fytmse ?)I/Tt?]eesszss pg)cgi?ggte

such structure%Among_ the methpds employed, templlate- . thermolytic reduction of platinum acetylacetonate and cobalt-
engaged synthesis using galvanic replacement reactions |?”) acetate in refluxing ethylene glycol was explored. The

the one more commonly used. Recently,~®i hollow L .
. X . anionic surfactant sodium dodecyl sulfate (SDS) was used
spheres with super-paramagnetic properties were successfull . S . .
@s the capping and structure-directing agent in the reacting

synthesized b.y Vasquez et al. using a galvanic replacemen mixture. The prepared CePt hollow spheres demonstrated
method? In this method, a strategy to control the reduction . L -
enhanced electrocatalytic activity for methanol oxidation

tential differen f two or more metals w mpl . . o
potential differences of two or more metals was employed compared with Pt and CoPt nanoparticles, which is very

and hollow metal structures were obtairfelowever, the . . :
important for the anode electrocatalysis of the direct methanol
fuel cells (DMFCs).
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< (d)
Figure 1. (a) TEM image of the CoePt hollow spheres with a bar scale of 200 nm; (b) HRTEM image of the @dollow spheres with a bar scale of

100 nm; (c) SEM image of the CePt hollow spheres with a bar scale ojufin; and (d) HRSEM image of the CdPt hollow spheres with a bar scale of
100 nm.

reflux temperature of 198C in a three-necked flask until a black and allowed to dry in air. A Pt wire was used as the counter
precipitate was obtained on the bottom of the flask. The black electrode, and a reversible hydrogen electrode (RHE) was used as
precipitate was filtered out, washed with double-distilled water the reference electrode. Aqueous solutions of 0.5 M® and
several times, and dried at ambient conditions. For comparison, 0.5 M H,SO, containing 1.0 M methanol were used for the
the Pt nanoparticles were prepared in a similar manner except theelectrolytes.

cobalt acetate was absent. The CoPt nanoparticles were prepared

according to the literaturé All experiments were performed at Results and Discussion

ambient conditions. For analysis using the transmission electron

microscope (TEM), the samples were ultrasonically dispersed in ~ Figure 1a shows bright-field (TEM) micrograph of the
water and then dropped on the carbon-coated copper grids. A JSMCo—Pt hollow sphere structures. An average diameter of the
6500F field emission scanning electron microscope (SEM) and a hollow spheres was determined to in the range of-1200
JEOL JEM 2010 transmission electron microscope operated at 200nm, which was also confirmed by the scanning electron
kV were employed in the study of the morphology of-€fet hollow micrograph (SEM) photo shown in Figure 1c. A high-
spheres. X-ray powder diffraction (XRD) was carried out on a regplution TEM micrograph (Figure 1b) shows that the shell
Bruker D8 Advance X-ray diffractometer under CuKadiation. is comprised of some smaller nanoparticles, which can also
For chemical composition analysis, an IRIS Intrepid ER/S ICP- be observed by a high-resolution SEM image (Figure 1d).

AES was used. For X-ray photoelectron spectroscopy (XPS) . . . .
measurements, a Physical Electronics PHI Quantera SXM (with One important observation was that the atomic ratio of

monochromatized Al K radiation and an energy resolution of 0.5 CO/Pt in the spheres can be adjusted by simply changing

eV) was used. Electrochemical measurements were conducted ifh® amount of the SDS in the reacting mixture. For example,
an electrochemical cell with a three-electrode configuration at room at SDS concentrations of 0.15 g/50 mL, 0.25 g/50 mL, 0.35

temperature. An electrochemical system (Princeton Applied Re- mg/50 mL, and 0.5 g/50 mL, the Gdt composition was
search (PAR) 273) was used through all the measurements. Thechanged to C@Pto, C03Ptss, CoPtie, and CeoPty;, re-
working electrode was a glassy carbon disk with a diameter of 4.0 spectively, with an almost constant sphere structure and wall
mm, polished with AlO; paste, and washed ultrasonically in  thickness. With regards to this behavior, more work is
double-distilled water. To prepare the suspt_ansion,al.S mg_sampleunderway to obtain a fundamental understanding. The
of the dried hollow CoPt spheres was weighed out. To this, 1.0 ggjacied area electron diffraction patterns (SAED) of the
mL of ethanol and L. of 2% Nafion solution were added. The hollow sphere structures are shown as the inset in Figure

resulting mixture was sonicated in a bath-type ultrasonicator for - . .
0.5 h. Suspensions of Pt NPs and CoPt NPs were prepared usinglb' The SAED indicates that the €&t bimetal in the

the same method. The nanoparticle suspension described above waaPheres has a face-centered cubic (fcc) structure. The powder
coated org a 4 mmdiameter glassy carbon disk (GC) electrode XRD results also confirmed such a structure. However,

compared to the pure Pt nanoparticles, the diffraction angles
(8) Chinanasamy, C. N.. Jeyadevan, B.: Shinaoda, K.; Tohjil, Kppl. of th_ese Ce Pt hollow sphgres were s_hlfted to the h|gh§r
Phys.2003 93, 7583. positions, reflecting the lattice contraction due to the partial
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Figure 2. (A) XRD patterns for Pt nanoparticles (a) and-€ft 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 Bohollow spheres, before (lower curve) and after (upper curve) annealing

treatment at 550C for 2 h under reducing atmosphere (5% iH Ar). Diffraction patterns were collected on a Bruker D8 Advance X-ray diffractometer
under Cu Kux radiation.

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, 1897
suggesting that more Co atoms have been replaced by the 160
Pt atoms. This result is also consistent with the ICP-AES 140 (B)

2004

results mentioned above. We also noticed that the widths at 3
half-maximum of the (111) peak particle increased with the 2 1
decreasing SDS concentration, which indicated the hollow g 107
CoPt particles’ size decreased with the increase of Co =
composition. By using the Scherrer equation, we calculated 60
the average particles size to be 9.7 nm (Pt nanoparticles), 4o (A)
7.3 nm (CeyPhy), 5.9 nm (CasPtg), 5.8 nm (CazPiks), and 20
4.3 nm (CaoPto), respectively. Figure 2b shows that an
annealing treatment at 558C (2 h) under a reducing —r

atmosphere (5% H95% Ar) can make the face-centered 68 & 7o 7 8 80
cubic phase transformed to a CoPt alloy with a highly ordered Binding Energy

structure, as evidenced by the appearances of (001) and (1105
superlattice peaks on the upper curve. Similar results have

also been reportetin addition, X-ray peak widths in Figure  ferromagnetic Ce Pt nanoparticle aggregation. In the react-
2 after annealing treatment become more narrow, suggestingng mixture, the SDS will form micelles as reported in the
that heat-treatment induced particle agglomeration and jiteraturel The Co-Pt alloy nanoparticles produced by the
decreased the microstresses. However, the hollow structurg,q_requction of Pt(acagrand cobalt(ll) acetate, which are
still remained after the annealing t_reatr_nent. (The TEM imgge ferromagnetié like to aggregate themselves along the SDS
and SAED pattern are shown in Figure S1, Supporting micelle surface under the magic dipeldipole interaction
Information). _ and then form a hollow structure after the inner SDS is
Figure 3 demonstrates the XPS results showing that theyemoyed by water washing. Similar arguments can be found

Pt 47, peak of hollow Ce:Pts spheres was at 71.56 €V,  in the literature for the formation of Co nanorifgand 1D
compared to 71.40 eV for Pt nanoparticles. The Pt 4f peaks hanostructure of Co nanoparticiés.

are known to shift to higher energies upon forming Co
alloys!® However, no PtQ 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-Rt
spheres should involve the SDS micelle formation and the

120 4

804

igure 3. XPS spectrum for Pt 4f peak of Pt nanoparticles (A) and-b
ollow spheres (B).

The electrocatalytic activity of the CePt 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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(A) —— Co-Pt hollow spheres methanol oxidation, the peak currents catalyzed by the Co
o eteles Pt hollow sphere are much larger than those for Pt NPs and
0.0004 - 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 Higq, assuming
Co has no effect on hydrogen adsorption/desorption behavior,
are listed in Table 1). Current density values for the different
40.0008 4 —— materials at various potentials are presented in Table 1. The
02 00 02 04 06 08 10 12 14 16 hollow Co;,Ptss spheres showed better activity compared to
Potenial (V Vs NHE) Pt NPs and other CePt samples at 0.5 V. The better
performance of hollow CoPts spheres at 0.5 V could have
(B) —— Co-Pt hollow spheres b . . .
00050 | e Pt nanoparticles een due to changes in lattice structures or the electronic
1 [~ CoPt nanoparticles properties of the CePt 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 CePt spheres decreased, the former
possibly due to particle agglomeration and the latter possibly
due to a change of Pt bond in the annealing process,
which plays an important role in the electrocatalytic pro-
cess.
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Figure 4. (A) Cyclic V(_)Itlammogdrams of CoPt Toll(_)w spheres (Gg- In summary, a CePt catalyst with a hollow sphere
Efgfigcvﬁfgb,;n”]ﬁgfg’,ﬁ;‘ o Copt ,ﬁ’g"’(‘,ﬁj“’s‘;ﬁ{gfeis (gggfg)?’%%sggl structure has been synthesized via a very simple thermolytic
nanoparticles, and Pt nanoparticles in 0.5 MSBy containing 1 M reaction. The Ce Pt composition can be easily adjusted by
methanol. Scan rate 200 mV/s. Pt loadingd controlling the amount of SDS. With the increase of SDS in
the reacting mixture, the ratio of Co/Pt in hollow €Bt
spheres decreased, and patrticle sizes decreased with the
increasing ratio of Co/Pt. Compared to the pure Pt nano-
particle catalyst and CePt nanopatrticles, this CePt hollow
sphere catalyst exhibited a superior electrocatalytic activity
toward the methanol oxidation reaction at the same Pt
loading.

carried out in a 0.5 M EBO, aqueous solution and 0.5 M
H,SO, aqueous solution containing 1.0 M methanol. Figure
4A plots the voltammetry curves of samples in 0.5 M- H
SOy, 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 aresult  acknowledgment. This work is financially supported by the
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Table 1. Electrochemical Characteristics of Ce-Pt Hollow Spheres, CoPt Nanoparticles, and Pt Nanoparticles
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aUsing a charge foHypqg of 2104C cn2. P Normalized to the electrochemical surface area.
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