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In this paper, we present a template method to fabricate AuPt hollow nanospheres by depositing Au inner
layer and dendritic Pt outer layer onto PS template. The as-prepared AuPt hollow nanospheres can form
self-standing hollow nanostructures under thermal treatment which is confirmed by small-angle X-ray
scattering results. We believe that the self-standing structural features of them result from different
thermal stability of Au and Pt elements. The small-angle X-ray diffraction measurements and X-ray
photoelectron spectroscopy of binding energies certify the existing interaction between Au and Pt. It is
suggested that Pt mole contents of AuPt hollow nanospheres can be varied by changing H2PtCl4 concen-
tration during chemical deposition process. The methanol electrochemical oxidation reaction indicates
these as-prepared AuPt hollow nanospheres possessing excellent potential applications on catalysts.
Moreover, synthesis of multilayer hollow porous nanospheres such as Pt@Au@Pt proves that our method
greatly enriches the species of the self-standing, hollow and porous functional nanomaterials.

� 2019 Elsevier Inc. All rights reserved.
1. Introduction
Platinum (Pt) based catalysts are of crucial importance in indus-
trial catalysis, and widely used as the effective heterogeneous cat-
alysts in CO/NOx oxidation, petroleum refining and fuel cells [1–5].
Therefore, a great deal of efforts has been made on developing
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functional Pt nanocatalysts with high catalytic activity, large cat-
alytic reaction areas and good stability. For instance, various
shaped nanocatalysts have been fabricated, such as polyhedral
[6–8], nanowire [9–11], nanotube [12], nanocages [13–15], core–
shell [16–18], mesoporous [19–21], hollow [22,23], dendritic
[24], alloy [25,26] and hybrid structures. So far, many Pt based
metallic nanocatalysis possessing high electronic conductivity
and large surface areas have been prepared, but keeping catalytic
activity and preventing aggregation of nanocatalysis is still a big
problem, which needs to solve. For example, the commercial Pt
catalysts generally were supported on carbon blacks to prevent
Pt nanoparticles agglomeration which is helpful in keeping their
catalytic activity and stability. However, the corrosion of the car-
bon supports would lead to Pt aggregation, which results in declin-
ing in catalytic activity.

Of them, self-standing porous Pt-based bimetallic nanocatalysts
show excellent catalytic activity and stability due to their high
specific surface area, efficient transport of reactants and products,
solid self-standing structures, and improved utilization efficiency
of Pt atoms. It is worth noting that carbon-based supports can be
avoided, because their self-standing structure is strong enough
for supporting themselves to complete the catalytic process.
What’s more, Pt based bimetallic hybrids catalysts can increase
rates and improve selectivity, which have also attracted consider-
able attention [27,28]. They are also used in the field of NOx reduc-
tion, CO oxidation, and in electrode reaction for methanol and H2

fuel cells, their applications as catalyst require the preparation of
bimetallic nanostructures uniform in both size and chemical com-
position [29]. As we known, Pt combined with Au can improve the
catalytic activity of Pt by the electronic effect, ensemble effect, and
synergistic effect. Here, the synergistic effect means that Pt and Au
in the alloys not only present perspective functions but also act
cooperatively in the electrocatalysis [30].

There are many efforts for preparation of hollow porous
bimetallic catalysts including template methods and galvanic
replacement reaction [31,32]. If using polymers, nonionic surfac-
tant [13,33], and peptide conjugates molecules [34] as the tem-
plates, which called soft templates, usually need to experience
hydrothermal treatment to obtain the hollow nanostructures.
Besides, the hollow porous Pt nanostructures also can be prepared
by employing the SiO2 as a hard template and using HF to remove
them. However, as HF is a dangerous chemical possessing strong
corrosion ability and it also easy damage the deposited metallic
layer, which hinder the application of this method [35]. Galvanic
replacement reaction also can be used to prepare hollow metallic
nanostructures, which usually need more active metal nanostruc-
tures reacted with metallic precursor of less active to replace them
and their chemical activity was dependent on the metal activity
sequence table. So far, numerous shaped hollow Pt based nanos-
tructures have been successfully achieved by using galvanic
replacement reaction, such as porous nanotubes [36] and nano-
spheres [37]. But galvanic replacement reaction is not suitable
for fabricating Au@Pt hollow nanostructures due to Au is less
active than Pt.

As we known, PS spheres are one of the popular soft templates
as their well-controlled size and morphology, easy removal, and
wide applications. Herein, we present an effective strategy for
design and synthesis of self-standing hollow porous AuPt nanocat-
alysts with high electrocatalytic activity and good stability based
on PS soft templates. Firstly, AuPt hollow nanospheres were pre-
pared by chemical reducing reaction to deposit Au inner layer
and dendritic Pt outer layer onto PS nanospheres. Secondly, the
self-standing hollow porous AuPt nanospheres were fabricated
by solvent thermal treatment methods at 120 �C based on their dif-
ferent thermal stability. Once thermal treatment, Au inner layers
were welded into self-standing hollow nanostructures because of
its low thermal stability, while Pt outer layers maintain its intrinsic
porous structures due to its good thermal stability. The
as-prepared nanocatalysts show excellent electrocatalytic perfor-
mance toward methanol oxidation reaction with high oxidation
current density and superior catalytic efficiency. What is more,
we also successfully prepared multilayer hollow porous nano-
spheres such as Pt@Au@Pt. Therefore, we believed that our method
can play important role in controllable synthesis of other self-
standing, hollow and porous functional metallic nanomaterials.
2. Experimental section

2.1. Materials

PS spheres (about 260 nm in diameter) were used as received.
HAuCl4 and H2PtCl6 were obtained from Shanghai Reagent Com-
pany. Poly (ethyleneimine) branched (PEI, Mn = 10,000) used as
polyelectrolyte was purchased from Sigma–Aldrich. Potassium car-
bonate (K2CO3) and reducing agents, formaldehyde (HCHO 37%),
sodium borohydride (NaBH4), and ascorbic acid (AA) were received
from Beijing Chemical Company. N,N-dimethylformamide (DMF),
sulphuric acid (H2SO4), Sodium hydroxide (NaOH), methanol (CH3-
OH) and polyvinylpyrrolidone (PVP, Mw = 30,000) were also from
the same company. All chemicals were analytical grade and used
without further purification. Deionized water used for all experi-
ments were treated with a Millipore water purification system
(Millipore Corp.).

2.2. Synthesis of hollow porous AuPt bimetallic Nanospheres

The typical synthesis of hollow porous Au-Pt bimetallic nano-
spheres was carried out by a two-steps approach. Firstly, Au inner
layers and Pt outer layers were deposited onto PS spheres by
chemical reduction of their metal precursors respectively. Then,
PS spheres were removed in heated DMF to get hollow nanoshells.
Here, 5 nm gold nanoparticles were adsorbed on PS nanospheres
by electrostatic interaction. Then, Au inner layers were prepared
via a seeding-mediated growth approach, just followed by soaking
as-prepared gold nanoparticle modified PS spheres into 20 mL
growth solution, which contained HAuCl4 (0.38 mM), K2CO3

(1.0 mM) and PVP (1.0 g/mL). After 2 h, the sample was rinsed
thoroughly with deionized water. Pt outer layers were prepared
after Au inner layers. 20 mL H2PtCl6 (0.228 mM) solution used as
metal precursors and 0.5 mL AA (0.10 M) used as reducing agent,
PVP (1.0 mg/mL) used as protect agent. PS polymer nanospheres
were removed in heated N,N-Dimethyl-formamide (DMF) at tem-
perature of 120 �C for 12 h.

2.3. Characterizations

Electrochemical investigations were performed using a CHI
760D electrochemical analyzer (Chenhua Co., Shanghai, China)
with a conventional three-electrode cell system. Cyclic voltammo-
grams (CVs) experiments were performed using an Ag/AgCl (satu-
rated KCl) electrode as a reference electrode, a Pt wire as a counter
electrode. And the working electrode was a glassy carbon electrode
(GCE, 3 mm in diameters) coated with equal amount of catalysts.
5 lL of samples and 3 lL of 0.5 wt% nafion aqueous solution were
subsequently dropped onto the surface of GCE and dried at room
temperature before electrochemical experiments. The CV experi-
ments were carried out at a scan rate 100 mV/s and the potential
range varied from �0.2 to 1.1 V (vs. Ag/AgCl) in a N2-saturated
0.5 M H2SO4 solution. The electrochemically active surface area
(ECSA) of a catalyst was determined by measuring the charge
amount collected in the hydrogen adsorption/desorption region
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between �0.2 V and 0.2 V and assuming the value of adsorption of
a hydrogen monolayer is 210 lC/cm2. Methanol electrooxidation
measurements were carried out in solution containing 0.5 M
H2SO4 and 0.5 M methanol at a scan rate 50 mV/s within the
potential range from 0 to 1 V.

The size, morphology and interior structure of catalysts were
investigated using field emission scanning electron microscope
(SEM, HITACHI S-4800) with an accelerating voltage at 10 kV,
transmission electron microscope (JEOLJEM 1011) with an acceler-
ating voltage at 100 kV and a JEM-2100F operating at 200 kV
equipped with an energy dispersive spectrometer (EDS) for analy-
ses. X-ray photoelectron spectroscopy (XPS) measurements were
conducted in a VG Scientific ESCALab220i-XL spectrometer. Power
X-ray diffraction (XRD) measurements were recorded on an
EMPYREAN Diffractometer system with monochromatized Cu Ka
radiation (k = 1.5418 Å). Small-angle X-ray scattering (SAXS)
measurements were carried out at 298 K on a beam line 4B9A
synchrotron radiation X-ray small angle system at Beijing
Synchrotron Radiation Facility. Nitrogen adsorption-desorption
isotherms were recorded using a micromeritic ASAP2020M+C
accelerated surface area and porosimetry analyzers at 77 K.
UV–Vis spectra measurements were characterized on U-2800
(400–1100 nm).
3. Results and discussions

Using PS nanospheres as the template to prepare hollow porous
metallic nanostructures is one of the typical and traditional strate-
gies due to its numerous advantages. However, making the as-
prepared hollow porous nanostructures self-standing is challenge
as they are easy collapsed during the process of removing tem-
plates. Herein, we presented a layer-by-layer chemical deposition
of metallic layers approach to obtain hollow porous AuPt nano-
spheres at common temperature and usual condition. As illus-
trated in Fig. 1, Au inner layers could be uniformly deposited
onto PS nanospheres, the homogenous porous Pt outer layers were
also successfully deposited by using non-ionic surfactants
structure-directing agent [38]. Subsequently, well-defined hollow
porous AuPt bimetallic nanospheres prepared after thermal treat-
ment at 120 �C to remove PS templates. It could be seen from
SEM images (Fig. 1c and d) that the AuPt metallic layer is not dam-
aged, even their particle sizes no noticeable change after experi-
encing thermal treatment. Their average diameters are
Fig. 1. (a) Schematic illustration of the synthesis process of hollow porous AuPt nanos
nanospheres.
determined as 300 nm and 295 nm, respectively. These results sug-
gested that Au and Pt atoms generated specific structures, which
are strong enough for supporting them forming self-standing
structure. We believed that the self-standing structural features
of AuPt hollow porous nanospheres result from different thermal
stability of Au and Pt elements. When there is only one element
deposited on PS spheres, Au can form well-defined hollow nano-
spheres after thermal treatment [39], but Pt would generate col-
lapsed structures (Fig. S1). It is because Au nanoparticles
possessing low thermal stability under 120 �C, they would weld
and interconnect to be united structures [40]. But Pt nanoparticles
are thermal stable under 120 �C, which would not fuse to form
interconnected and self-standing hollow structures until higher
thermal treatment temperature [41]. Even if Au and Pt nanoparti-
cles co-deposited, the as-prepared AuPt hollow structures would
collapse after 120 �C thermal treatments (Fig. S2) as Pt nanoparti-
cles could prevent the welding of Au nanoparticles [42], which
proved that welding of Au nanoparticles during thermal treat-
ments plays an important role in forming self-standing AuPt hol-
low porous structures as their stability would increase
comparing with the sample without heating (Fig. S3). It also
indicates that separately depositing Au and Pt layer is necessary
to produce AuPt hollow nanospheres.

Typical transmission electron microscopy (TEM) images of AuPt
bimetallic nanoshells are presented in Fig. 2. The centre of the AuPt
nanospheres after solution thermal treatment (Fig. 2b) are brighter
than before (Fig. 2a), which suggested that the polymer templates
are fully removed and porous hollow structures formed. TEM
image of broken spheres (Fig. S4a) further confirm the interior of
Au-Pt bimetallic nanospheres is empty after thermal treatment,
and it can be seen from Fig. 2c that the thickness of hollow nano-
spheres is �18 nm. As presented in Fig. 2c, there are gaps between
composed AuPt nanostructures, which results in the AuPt nano-
spheres becoming porous structures. All these results proved that
our method successfully fabricates self-standing hollow porous
AuPt nanospheres. For further characterization of hollow porous
AuPt nanospheres, they were broken under high power ultrasound
to investigate the structure of Au inner layer and Pt outer layer by
using high magnification TEM. The outer layer is dendritic as seen
in high magnification TEM images (Fig. S4b and c). Also, we can see
some small nanoparticles attached onto the inner surface, as
shown in Fig. 2d, which clearly indicates the feature of double
layer. Fig. 2e and Fig. S4d present high magnification TEM (HRTEM)
images of Pt dendritic outer layer, their lattice spacing is matched
pheres; (b–d) SEM images of (b) PS@Au, (c) PS@AuPt and (d) hollow porous AuPt



Fig. 2. TEM images of (a) PS@AuPt nanostructures and (b) hollow porous AuPt nanostructures; (c) and (d) highly magnified TEM images of hollow porous AuPt
nanostructures; (e) high resolution TEM image of nanoshells of hollow porous AuPt nanostructures; (f) and (g) elemental mapping images of the distribution of Pt (red) and
Au (green); (h) scanning TEM image and line-scan profiles recorded from the individual hollow porous AuPt nanostructure. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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with (1 1 1) lattice spacing of Pt face-centered cubic (fcc) crystals
and they are randomly oriented over the entire area, presenting
polycrystalline feature of Pt outer layer. Energy-dispersive X-ray
analysis (EDX) maps of the Au and Pt distributions of hollow por-
ous AuPt nanospheres are presented in Fig. 2f and g. The result
shows that both Au and Pt atoms are distributed uniformly
throughout the whole sphere. A line scanning result (Fig. 2h)
reveals that the AuPt nanospheres are double-layered hollow
structure including Au inner layer and Pt outer layer.

The size, morphology and structure of the AuPt nanospheres
can be well controlled by changing the reaction conditions. As
our previous reports, the coverage of Au layer on polymer template
is related with the structural features of hollow nanospheres [39].
Interestingly, if changing the volume of Au growth solution (from
5 mL, 7.5 mL to 10 mL) and keep Pt precursor amount
(0.190 mM, 20 mL) to prepare Pt outer layer, although uniform
AuPt nanospheres were fully covered on polymer templates, the
fabricated AuPt nanospheres collapsed when the Au growth solu-
tion decreased to 5.0 mL (Fig. S5). It is because there are no enough
Au nanoparticles for welding in order to support the self-standing
hollow structures. Hence, the nanowelding of Au inner layer under
solvent thermal treatment is essential for forming self-standing
hollow nanospheres.
Amount of Pt precursor also have influence on the structural
features of dendritic outer layer. Here, Au inner layer was depos-
ited by wet chemical reduction with the same amounts of growth
solution (10 mL, 0.38 mM), but Pt outer layers were deposited in
30 mL Pt precursor solution. As presented in Fig. 3, the thickness
of Pt dendritic outer layer increase and the hollow structure of
nanospheres are still well reserved when amount of Pt precursor
increased. In addition, element mapping images reveal that Au
and Pt were still uniformly distributed throughout the entire nano-
spheres at this moment (Fig. 3). Thus, thickness of Pt outer layer is
controllable by varying Pt precursor amount. And the EDS results
show that Pt mole contents of nanospheres are 36.1%, 44.9% and
46.2%, respectively. It means that increasing the concentration of
Pt precursor also can perfectly enhance the Pt content in the AuPt
nanospheres within certain degree. In contrast, when the Pt
precursors were decreased lower than 0.076 mM, nanospheres col-
lapsed after thermal treatment (Fig. S6). Although the Pt outer
layer is not the dominate factors for forming hollow nanospheres,
It also can enhance the metallic layer coverage of nanospheres,
which is crucial for forming self-standing hollow nanospheres as
literature reported [39]. The depositions of Pt outer layer on Au
inner layer were characterized by UV–vis spectroscopy (Fig. S7).
Au inner layers show a broad absorption peak at 750 nm, which



Fig. 3. (a–c) Are typical TEM images of different types of hollow porous AuPt nanostructures with different Pt fractions. (d–f) Are scanning TEM images and elemental
mapping images of distribution of Pt (red) and Au (green) with different Pt fractions. Pt precursor concentration is (a and d) 0.152 mM, (b and e) 0.190 mM and (c and f)
0.228 mM, respectively. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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were due to the surface plasmon resonance of closely packed Au
nanoparticles of inner layer. When Pt outer layer was deposited,
a red-shift and broaden absorption peak was observed [16], and
the more Pt deposited, the broader of absorption peak varied from
800 nm to 1100 nm. These results confirmed that increasing the
concentration of Pt precursor can enhance the Pt mole content in
the AuPt nanospheres.

Small-angle X-ray scattering (SAXS) measurements of as pre-
pared AuPt nanospheres were used to study their mesoscale struc-
tural information. The SAXS patterns of AuPt nanospheres and Au
nanospheres after thermal treatment clearly show ring type
diffraction features (Fig. 4a). The corresponding SAXS integral
curves exhibit more than 14 diffraction peaks, suggested that these
nanospheres are good accordance with the feature of hollow parti-
cles [43]. However, the SAXS integral curve of Pt nanospheres
Fig. 4. (a) Small-angle X-ray scattering integral curves of hollow Au nanoshells (red li
respectively; the insets show SAXS patterns of hollow Au nanoshells (left), hollow porous
XRD patterns of PS@AuPt nanoshells (red line), hollow AuPt nanoshells (black line) and h
color in this figure legend, the reader is referred to the web version of this article.)
shows no typical diffraction peaks of hollow particles (Fig. 4a),
indicated they collapsed after thermal treatment. Therefore, the
SAXS results present obvious evidences on the feature of hollow
nanostructures.

For further characterization of their porous structural feature of
as prepared bimetallic nanospheres. The small-angle XRD mea-
surements of PS@AuPt nanospheres, hollow AuPt nanospheres
and hollow Au nanospheres were carried on. As expected, Au hol-
low nanospheres show no peaks, but PS@AuPt and hollow AuPt
nanospheres present broad peaks at 2h = 1.35 and 2h = 1.74
(Fig. 4b), which indicated formation of mesoporous structure
attributed to the closely packed Pt dendritic outer layers. The d
spacing values were calculated to be 6.5 nm and 5.2 nm by using
formula d ¼ k

2sinh. In addition, the interface interaction of Au and
Pt proved through XPS spectra. As shown in Fig. 5, the binding
ne), hollow porous AuPt nanoshells (black line) and Pt nanoparticles (green line),
AuPt nanoshells (middle) and Pt nanoparticles (right), respectively. (b) Small-angle
ollow Au nanoshells (blue line), respectively. (For interpretation of the references to



Fig. 5. (a) and (b) X-ray photoelectron spectroscopy (XPS) spectra of Au 4f (a) and Pt 4f (b) of hollow porous AuPt nanostructures.
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energies of Pt 4f7/2 and Pt 4f5/2 at 70.8 eV and 74.2 eV, and the
binding energies of Au4f7/2 and Au 4f5/2 at 83.6 eV and 87.3 eV,
respectively. Compared with monometallic Au (Au 4f7/2, 84.0 eV)
and Pt (Pt4f7/2, 71.0 eV), the negative shift of binding energies is
ascribed to interaction between Au and Pt [44,45]. Furthermore,
according to the results of nitrogen absorption isotherms
(Fig. S8), specific surface area of hollow porous AuPt bimetallic
nanospheres is 36.1 m2/g. Therefore, the distinctive structural fea-
tures of self-standing hollow porous AuPt nanospheres show good
reaction areas, which implied excellent potential applications on
catalysts.

With the unique structural features, the hollow porous self-
standing AuPt nanospheres were investigated by electrocatalytic
reaction. The electrochemical active surface areas (ECSAs) were
calculated using cyclic voltammetry measurements in a 0.5 M
H2SO4 solution at room temperature with a scan rate 100 mV/s.
The ECSA is theoretically calculated by integrating the charges of
hydrogen adsorption/desorption between �0.2 V and 0.2 V. As
shown in Fig. 6a, hollow porous AuPt nanospheres showed higher
specific ECSA (39.9 m2/g) than commercial Pt/C catalyst (22.3 m2/
g). The methanol electrochemical oxidation reaction was carried
out in an aqueous solution containing 0.5 M H2SO4 and 0.5 M CH3-
OH. The cyclic voltammograms (CV) profiles were recorded by
sweeping from 0 V to 1 V (versus Ag/AgCl) at a scan rate 50 mV/s.
As shown in Fig. 6b, the two anodic peaks were observed both on
the forward and backward sweeps, indicated the electrochemical
oxidation process of methanol. In comparison with the commercial
Pt catalysts (Fig. S9), hollow porous AuPt nanospheres demon-
strated a higher current density for methanol electrooxidation.
The methanol oxidation current density of hollow porous AuPt
nanospheres is 0.66 mA/cm2, which is �300% higher than that of
Fig. 6. Electrochemical measurements of hollow porous AuPt nanostructures in (a) 0.5
solution at a scan rate 50 mV/s; (c) Current density–time curves of hollow porous AuPt
the commercial Pt black catalyst. In addition, the peak potentials
of methanol electrooxidation are 0.7 V and 0.43 V for the forward
and backward sweeps, respectively. The onset potential of hollow
porous AuPt nanospheres is much smaller than that of commercial
Pt black catalysts in both forward and backward sweeps. The
results further confirm that as-prepared hollow porous AuPt nano-
spheres possess better catalytic activity than that of commercial Pt
black catalyst. Moreover, they exhibit higher If/Ib ratio (�1.4) (in
which If and Ib are the forward and backward current densities,
respectively) than that of commercial Pt black catalyst, proved
their superior catalytic efficiency for fully methanol electro oxida-
tion. For further test the stability of their catalytic performances,
long-term current-time (I-t) response of methanol electrooxidation
was carried out at a constant voltage of 0.65 V for 800 s (Fig. 6c).
The results demonstrated that the current density of hollow porous
AuPt nanospheres is higher than that of commercial Pt black cata-
lyst. In addition, the decay time of electrochemical current for the
methanol oxidation reaction on hollow porous AuPt nanospheres is
longer than that on commercial Pt black catalysts. These results
further reveal that hollow porous AuPt nanospheres exhibit better
superior electrochemical stability and higher electrocatalytic per-
formance on the methanol oxidation reaction. Moreover, hollow
porous AuPt nanospheres also show higher electrochemical activ-
ity for methanol oxidation reaction in alkaline media (Fig. S10).

The observed good enhancements on electrochemical perfor-
mance of hollow porous AuPt nanospheres could be ascribed to
their special structural features. (a) Good electrochemical reaction
interface: hollow interior and porous structures facilitate them dif-
fusion/transport of electrochemical reagents, the self-standing
nanostructures enhance structural stability for avoiding aggrega-
tion and porous Pt dendritic nanoshells provide large active
M H2SO4 solution at a scan rate 100 mV/s and (b) in 0.5 M H2SO4 + 0.5 M CH3OH
nanostructures in 0.5 M H2SO4 + 0.5 M CH3OH solution at 0.65 V.



Fig. 7. SEM and TEM images of (a and e) PS@Pt, (b and f) PS@Pt@Au, (c and g) PS@Pt@Au@Pt and (d and h) hollow porous Pt@Au@Pt, respectively.
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surfaces. (b) High electrocatalytic activity: the interconnected Au
inner layers are beneficial for electron transport to active sites,
the synergetic effects of bimetallic nanospheres are considered to
enhance catalytic activity. In addition, the self-standing
nanospheres exhibit intrinsic advantages, which avoid supporting
corrosion problem faced by commercial catalysts. Therefore, we
expand this concept to prepare multilayer hollow porous nano-
spheres such as Pt@Au@Pt by depositing Pt inner layer, Au middle
layer and Pt outer layer successively (Fig. 7). It can be seen from
TEM image that Pt@Au@Pt nanospheres also possess self-
standing, hollow and porous structural features. Significantly, we
believed that our method greatly enriches the species of the self-
standing, hollow and porous functional nanomaterials.

In summary, we present an effective and promising strategy for
design and synthesis of bimetallic self-standing and hollow porous
nanocatalysts with high electrocatalytic activity. The self-standing
hollow porous AuPt nanospheres were successfully fabricated by
combining chemical deposition metallic nanostructures layer-by-
layer and solvent thermal treatment methods to remove soft tem-
plates. Under thermal treatment, formation of self-standing hollow
nanostructures depends on nanowelding of Au inner layers and Pt
outer layers maintain its intrinsic porous structures, because of
their different thermal stability. The as-prepared AuPt nanospheres
show excellent electrocatalytic performance toward the methanol
oxidation reaction, with high oxidation current density and supe-
rior catalytic efficiency. The enhancements on electrochemical per-
formance are ascribed to the special features of hollow porous
structures and the synergetic effect of bimetallic composites, indi-
cated promising potential applications in fuel cells.
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