Chem. Mater. 2001, 13, 599—606

Preparation of Au/Pt Bimetallic Nanoparticles in
Water-in-Oil Microemulsions

Ming-Li Wu, Dong-Hwang Chen,* and Ting-Chia Huang

Department of Chemical Engineering, National Cheng Kung University,
Tainan, Taiwan 701, Republic of China

Received August 14, 2000. Revised Manuscript Received November 28, 2000

The preparation and characterization of bimetallic nanoparticles at various molar ratios
of Au/Pt by the coreduction of chloroauric and chloroplatinic acid with hydrazine in the water-
in-oil microemulsions of water/AOT/isooctane at 25 °C were described. The Au/Pt bimetallic
nanoparticles prepared using feeding solutions with the concentration ratios of [HAuUCI,]/
[H2PtCls] = °/1—5 essentially were monodispersed and had mean diameters of 3—4.5 nm.
Both the UV/vis absorption spectra and XRD patterns of the bimetallic systems and the
physical mixtures of individual metallic nanoparticles suggested the formation of bimetallic
nanoparticles. The EDX analysis on individual particles confirmed the presence of two metals
in a particle. It was indicated that the composition for each particle was roughly consistent
with that of the feeding solution. The XPS analysis showed that the resultant Au/Pt bimetallic
nanoparticles had a structure of Au-core/Pt-shell and their surface composition varied linearly
with that of the feeding solution. The investigations on the size and formation kinetics of
particles suggested that the reduction of AuCl,~ and PtClg 2 ions was almost finished before
the formation of nuclei, the size of the bimetallic nanoparticles was determined by number
of the nuclei formed at the very beginning of reaction, and the nucleation rate of Au was
much faster than that of Pt. Furthermore, the nuclei for the bimetallic system might be
composed of Au and Pt. Accordingly, a formation process for the Au/Pt bimetallic nanopar-
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ticles was suggested.

Introduction

Recently, intense research has been focused on nano-
particles because they exhibit unusual chemical and
physical properties different from those of relatively
larger particles!=2 and have many potential applications
in the fields of optoelectronics, semiconductors, cata-
lysts, photocatalysts, magnetic materials, drug delivery,
and so on.*~® Bimetallic nanoparticles have been par-
ticularly attractive due to the improvement of catalytic
properties’” and the change of surface plasma band
energy® relative to the separate metals. It is of great
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interest and a challenge to prepare bimetallic nanopar-
ticles with a controlled composition distribution.
Several methods have been used to prepare bimetallic
nanoparticles, including alcohol reduction,”® citrate
reduction,810 the polyol process,!! solvent extraction
reduction,812 the sonochemical method,13 photoreduc-
tion,4 decomposition of organometallic precursors,® and
electrolysis of bulk metals.® Control of particle size has
been achieved by the presence of protective agents such
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as soluble polymers and organic ligands, or by the
adsorption of anions on the particle surface. It has been
shown that the size, structure, and composition distri-
bution of the resultant particles depended on the
preparation conditions.

Water-in-oil (w/o) microemulsions are transparent,
isotropic, thermodynamically stable liquid media with
nanosized water droplets dispersed in a continuous oil
phase and stabilized by surfactant molecules at the
water/oil interface. The surfactant-stabilized water pools
provide a microenvironment for the preparation of a
nanoparticle by exchanging their contents via the
fusion—redispersion process and preventing the excess
aggregation of particles. As a result, the particles
obtained in such a medium are generally very fine and
monodispersed. Many kinds of nanoparticles have been
prepared in w/o microemulsions, including metals,17~22
metal oxides and hydroxides,?3~27 metal sulfides and
selenides,?®732 metal borides,33 metal carbonates,3* and
organic polymers.3> However, the preparation of bime-
tallic nanoparticles in w/o microemulsions has not been
tried as much except for the Pt/Pd% and Cu/Au®’
systems.

Au/Pt bimetallic nanoparticles have received signifi-
cant attention because of their special catalytic proper-
ties. Some articles have described their preparation by
citrate reduction,1938 photoreduction,’* and alcohol
reduction.®® Their preparation by microemulsion pro-
cessing has not been reported. In this paper, the
preparation of Au/Pt bimetallic nanoparticles in w/o
microemulsions of water/AOT/isooctane by the coreduc-
tion of chloroauric and chloroplatinic acid with hydra-
zine at 25 °C is reported. The size, structure, optical
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properties, and composition distribution of the resultant
nanoparticles were characterized by transmission elec-
tron microscopy (TEM), X-ray diffraction (XRD), UV/
Vis spectroscopy, energy-dispersive X-ray analysis (EDX),
and X-ray photoelectron spectroscopy (XPS). The effects
of the preparation conditions including the concentra-
tions of precursors and the molar ratio of water to
surfactant were investigated. Also, the formation pro-
cess for bimetallic nanoparticles was discussed.

Experimental Section

Materials. Hydrogen tetrachloraurate(l11) hydrate, hydro-
chloric acid solution, and hydrazinium hydroxide were guar-
anteed reagents of E. Merck (Darmstadt). Hydrogen hexachlo-
roplatinate(lV) hydrate was obtained from Across Organics
(Belgium). Sodium di-2-ethylhexylsulfosuccinate (AOT), pur-
chased from Sigma Chemical Co. (St. Louis, MO), was vacuum-
dried at 60 °C for 24 h and stored in a vacuum desiccator before
use. HPLC-grade isooctane, supplied by TEDIA (Fairfield), was
dehydrated with 4 A molecular sieves (8—12 mesh, Jansseu)
for at least 24 h and kept in a vacuum desiccator prior to use.
The residual water of the AOT/isooctane solution was recog-
nized to be negligible by using a Karl-Fisher moisture titrator
(Kyoto Electronics MKC-50). The water used throughout this
work was reagent-grade water produced by a Milli-Q SP
ultrapure-water purification system of Nihon Millipore Ltd.,
Tokyo.

The w/o microemulsion solutions containing hydrazine or a
mixture of HAuUCIl4/H,PtCls at a specified molar ratio were
prepared by injecting the required amount of the corresponding
aqueous solutions into an isooctane solution of AOT, and were
then used for the preparation of nanoparticles within a few
minutes.

Preparation of Metallic Nanoparticles. The preparation
of bimetallic and individual metallic nanoparticles was achieved
by mixing equal volumes of two w/o microemulsion solutions
at the same molar ratio of water to AOT (wo) and AOT
concentration, one containing an aqueous solution of the metal
salts and the other containing an aqueous solution of hydra-
zine. The reduction of HAuCl, and H,PtCls was as follows:

4HAUCI, + 3N,H;OH — 4Au + 16HCI + 3N, + 3H,0 (1)
H,PtClg + N,H,OH — Pt + 6HCI + N, + H,0  (2)

A preliminary study indicated that the nanoparticles usually
reached their final sizes within 1 h. Thus, the samples for
various analyses were taken after about 3 h. In this work the
concentration of AOT was based on the overall volume of the
reverse micellar solution, while the concentrations of the metal
salts and hydrazine were referred to the volume of aqueous
solution added in the w/o microemulsion solution. In this study,
the concentrations of AOT, hydrazine, and the total metal salts
were fixed at 0.1, 1.0, and 0.1 M, respectively. The temperature
was kept at 25 °C, and unless otherwise specified, the wo value
was 6.0.

Characterization. The particle sizes were determined by
transmission electron microscopy (TEM) using a JEOL model
JEM-1200EX at 80 kV. The sample for TEM analysis was
obtained by placing a drop of the colloidal solution onto a
Formvar-covered copper grid and evaporating it in air at room
temperature. Before the samples were withdrawn, the colloidal
solutions were sonicated for 1 min to obtain a better particle
dispersion on the copper grid. For each sample, usually over
100 particles from different parts of the grid were used to
estimate the mean diameter and size distribution of particles.
The samples were also used to determine the elemental ratios
of particles by energy-dispersive X-ray (EDX) analysis with
the system attached to a Hitachi model HF-2000 field emission
transmission electron microscope. X-ray diffraction (XRD)
measurements were performed on a Rigaku D/max V X-ray
diffractometer using Cu Ka radiation (1 = 0.1542 nm). The
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Figure 1. Effect of wo value on the size of Au, Pt, and Au/Pt
bimetallic nanoparticles synthesized in water/AOT/isooctane
reverse micelles. Reaction conditions: [metal salts] = 0.1 M;
[N2HsOH] = 1.0 M; [AOT] = 0.1 M; reaction time = 3 h.

samples for XRD analysis were prepared by first adding
thiophenol to the w/o microemulsion solutions (i.e., [thiophe-
nol]/[metal] = ?/;) to cause phase separation, then centrifuging
the mixtures, washing the precipitates with isooctane and
ethanol, and finally drying the obtained precipitates at room
temperature. After dispersing the precipitates in isooctane and
depositing the thiophenol-capped particles on a graphite
support by solvent evaporation at room temperature, the
obtained samples were further used for the XPS measurements
by a Fison (VG) ESCA 210 spectrometer equipped with a Mg
Ko X-ray source. The UV/vis spectra of the w/o microemulsion
solutions containing various nanoparticles were measured
after 3 h by a Hitachi U-3000 spectrophotometer equipped with
a 10 mm quartz cell. During the formation of the Au nano-
particles, the absorbance change of the w/o microemulsion
solution with reaction time at 520 nm was measured in a
stopped-flow spectrophotometer (Union Giken, RA401).

Results and Discussion

Particle Sizes. As is known, when the particle
diameter reaches that of the microemulsion droplet,
surfactant molecules can adsorb on the surface of the
particle formed therein and restrict the growth of the
nanoparticles. Therefore the effect of the wo value, a
size-determining key parameter of microemulsion drop-
lets, on the particle size was first investigated. As shown
in Figure 1, the sizes of the Au, Pt, and Au/Pt (Y1)
bimetallic nanoparticles exhibited similar tendencies:
increasing with an increase in the wg value. This result
could be reasonably explained by the increase in the size
of the microemulsion droplets. The conditions for wo >
12 were not investigated because the aqueous solution
of metal salts could not be solubilized completely into
the AOT/isooctane solution. In addition, it was noticed
that the Au/Pt (Y1) bimetallic nanoparticles were sig-
nificantly smaller than both the Au and Pt nanoparticles
over the whole wg range examined. This might relate
to the nucleation process of the particles and is dis-
cussed further later.

The TEM micrographs and the size distributions of
nanoparticles obtained at various molar ratios of Au/Pt
are shown in Figure 2. Not only Au and Pt but also Au/
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Pt bimetallic particles were very fine and essentially
monodispersed. Since the difference in the mean diam-
eter of the Au (4.2 nm) and Pt (8.3 nm) particles was
large enough to distinguish, the monodispersion of the
bimetallic system suggested that they are not physical
mixtures of the individual metallic nanoparticles and
that bimetallic nanoparticles were really formed.

The mean diameters of Au, Pt, and the bimetallic
nanoparticles at various molar ratios of Au and Pt are
illustrated in Figure 3. It was found that the mean
diameters of the bimetallic nanoparticles varied with
the molar ratios of Au/Pt and showed a minimum at a
Pt mole fraction of 25%. The influence of composition
on particle size also has been reported. Yonezawa and
Toshima found that the mean diameters of the bimetal-
lic nanoparticles depended on the compositions and
showed a negative deviation for the Pd/Pt, Au/Pd, and
Au/Pt systems prepared by alcohol reduction,®® whereas
a positive deviation was observed by Esumi et al. for
the Pd/Pt system prepared by solvent extraction reduc-
tion.’2 Although these results were not completely
consistent, they all were referred to a difference in the
nucleation process, which could be affected by the kinds
of materials, the reaction media, and the preparation
conditions.

As is well-known, in addition to the collision energy
and the sticking coefficient, the rates of nucleation and
growth are determined mainly by the probabilities of
the collisions between several atoms, between one atom
and a nucleus, and between two or more nuclei. The
former kind of collision is related to the nucleation and
the latter two kinds of collision to the growth process.
When the reduction rate was so large that almost all of
the ions were reduced before the formation of nuclei and
the probability of the effective collision between one
atom and a nucleus were much higher than those of the
other two collisions, the size of the resultant particles
would be monodispersive and determined by the number
of the nuclei formed at the very beginning of the
reaction. Thus, in this work, the reduction of the AuCl,~
and PtClg~2 ions might be so fast that they are reduced
almost completely before the formation of nuclei. Fur-
thermore, the sizes of the Au, Pt, and Au/Pt bimetallic
nanoparticles obtained are determined by their nucle-
ation processes. Since the total concentration of metal
ions was fixed, the smaller sizes of the Au/Pt bimetallic
nanoparticles relative to the individual Au and Pt
nanoparticles revealed that more nuclei were formed at
the very beginning of the reaction. This seems to imply
that the number of atoms (Au and Pt) required to form
a nucleus was dependent on the composition and was
lower except at high Pt contents. Therefore, it is
suggested that the nuclei for the formation of Au/Pt
bimetallic nanoparticles in this work might be composed
of both Au and Pt atoms. This is based on the reasoning
that the total Gibbs energy of an atomic assembly might
vary with the composition due to the different bond
enthalpies or interactions of Au—Au, Pt—Pt, and Au—
Pt and hence lead to the number of atoms required for
the formation of a nucleus being different at different
compositions. Another possible condition is that the
nuclei were composed of only Au atoms but the number
of Au atoms required to form a stable nucleus was
reduced due to the presence of the Pt atoms in the
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Figure 2. Transmission electron micrographs and particle size distributions of the individual metallic and bimetallic
nanoparticles: (a) Au, (b) Au/Pt (%/1), (c) Au/Pt (*1), (d) Au/Pt /1), and (e) Pt. Reaction conditions as in Figure 1 and with

a)o:6.

solution. However, based on the probability of the
atomic assembly and the reasoning that the Pt atoms
should have stronger influence on the total Gibbs energy
of an atomic assembly when they were present in a
nucleus than when they were just present in the
solution, the former suggestion that the nuclei might
be composed of both Au and Pt atoms is favored.
UV/vis Absorption Spectra. Figure 4 shows the UV/
vis absorption spectra of the bimetallic nanoparticles
and the physical mixtures of Au and Pt monometallic
nanoparticles. The absorption spectra for the physical
mixtures show an absorption peak at about 520 nm.

This absorption peak is a surface plasma absorption due
to Au, and its area decreases with a decrease in the Au/
Pt ratio. For the bimetallic systems, no significant
surface plasma absorption was observed, even at a Au/
Pt molar ratio of %;. This reveals that the bimetallic
systems are not physical mixtures of the individual
metals. Furthermore, the sudden disappearance of the
surface plasma absorption of Au implies that the surface
of the Au/Pt bimetallic nanoparticles obtained in this
work has more Pt atoms than the inner core. A similar
phenomenon was also observed by Yonezawa and
Toshima,®® although the disappearance of the surface
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Figure 3. Mean diameters of Au/Pt bimetallic nanoparticles
as a function of composition in feeding solution. Reaction
conditions as in Figure 2.

plasma absorption of Au was not so sudden in their
work due to the different preparation method employed.

Structure. As described in the Experimental Section,
thiophenol-capped nanoparticles were prepared for XRD
analysis. It was found that the particles could be well
dispersed in a mixture of pyridine and 1,2-dichloroet-
hane, and their sizes were essentially the same as those
of uncapped ones on the basis of the TEM analysis.
Thus, it can be ensured that the structure of particles
is not changed due to the sample preparation.

Figure 5a shows the XRD patterns of the Au, Pt, the
physical mixture of Au and Pt (1/;), and the Au/Pt ()
bimetallic nanoparticles. The characteristic peaks for
Au (20 = 38.2 and 44.4) and those for Pt (20 = 39.8 and
46.2), marked by their indices ((111) and (200)), were
observed. This revealed that the resultant Au and Pt
particles were in the face-centered cubic (fcc) structure,
although the broad peaks showed they were poorly
crystalline, resulting from less ordered structures as is
usually observed for nanoparticles. For the physical
mixture of Au and Pt nanoparticles, both the charac-
teristic peaks of Au and Pt were observed without a
shift. However, only one broad peak between those of
Au (20 = 38.2) and Pt (260 = 39.8) was observed for the
Au/Pt (}/1) bimetallic system. This also suggests the
formation of bimetallic nanoparticles. In addition, in
Figure 5b, a continuous drift of the peak from that of
Au to that of Pt is observed. This feature implies that
the composition of each bimetallic particle is propor-
tional to that of the feed solution.

Compositional Analysis. For each molar ratio of
Au/Pt, four particles on the copper grid were chosen
randomly to analyze the composition in each particle
by EDX. The result is indicated in Table 1. The devia-
tion of composition among different particles at each
composition of feed solution might be caused by detec-
tion errors because the particles were too fine. In
addition, the average compositions are observed to be
roughly in agreement with those of the two metal salts
in their aqueous solutions. The deviation could be due
to the low number of particles chosen for analysis and
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Figure 4. UV/is absorption spectra of Au/Pt bimetallic
nanoparticles (a) and the physical mixtures of individual Au
and Pt nanoparticles (b) at various molar ratios. Reaction
conditions as in Figure 2.

to detection errors. In any case, the EDX analysis
confirms directly the formation of Au/Pt bimetallic
nanoparticles.

To further investigate the composition distribution in
a particle, the surface compositions of bimetallic nano-
particles were measured. Figure 6 shows a typical XPS
spectra of the Augs and Pty regions of the thiophenol-
capped Au/Pt (Y/3) bimetallic nanoparticles. Similar
results were obtained for other bimetallic particles at
various molar ratios of Au/Pt. The XPS data are sum-
marized in Table 2. On the basis of the intensities of
the XPS peaks, the elemental ratios of Au/Pt on the
surfaces of the bimetallic nanoparticles could be ob-
tained. The results are indicated in Table 2 and plotted
in Figure 7. It was found that the Pt atoms were
enriched on the surface of the Au/Pt bimetallic nano-
particles. This is consistent with the observations of the
UV/vis absorption spectra. Furthermore, the surface
composition of bimetallic nanoparticles varies linearly
with the composition in the feeding solution within the
composition range examined. This suggests that the
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Figure 5. XRD patterns of the physical mixtures of individual
Au and Pt nanoparticles and the Au/Pt bimetallic nano-
particles at various molar ratios. Reaction conditions as in
Figure 2.

Table 1. Elemental Ratio in an Au/Pt Bimetallic
Nanoparticle Chosen Randomly on the Copper Grid
Measured by EDX

feeding elemental ratio (Au/Pt) in a particle
soln? 1 2 3 4 ave.
3 72.1/27.9 78.1/21.9 75.0/25.0 78.9/21.1 76.0/24.0

Uy 65.2/34.8 52.5/47.5 69.0/31.0 46.3/53.7 58.2/42.8
Y3 31.6/68.4 30.5/69.5 31.1/68.9 33.8/66.2 31.7/69.3

a [HAUCI4]/[ H2PtCI6].

resultant bimetallic nanoparticles had a structure of
Au-core/Pt-shell. This could be attributed to the forma-
tion process that is described further in the following
section. In addition, it should be mentioned that the
surface composition of the bimetallic nanoparticles can
be controlled by the feeding composition. This should
be of the interest for the preparation of catalysts.
Formation Process of the Particles. By observing
the formation process of the particles, it was found that
the color of the reaction solution turned from yellow to
red instantaneously for the preparation of the Au
nanoparticles. As shown in Figure 8, the Au nanopar-
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Figure 6. XPS spectra of Au 4f (a) and Pt 4f (b) regions for
the thiophenol-capped Au/Pt (Y/3) bimetallic nanoparticles.
Reaction conditions as in Figure 2 and with [thiophenol]/
[metals] = 2.

Table 2. Quantitative XPS Data of Thiophenol-Capped
Au/Pt Bimetallic Nanoparticles

feeding elem. ratio (Au/Pt)
soln? binding energy (ev)? on particle surface
“Io Auysrp, = 84.2
91 AlUssr = 84.3, Ptasp = 71.6 6.69/1
3/, AUsfrp = 84.2, Pty = 71.6 2.70/1
1/1 Alussr, = 84.1, Ptyszp =71.4 1/1.18
13 AlUssz, = 84.1, Ptysrp = 71.4 1/4.95
gy AlUass7, = 84.2, Ptysrp = 71.6 1/17.18
0/, Ptaso = 71.7

a[HAuUCI4)/[ H2PtCI6]. P The values of binding energy are
determined with respect to the Cis peak.
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Figure 7. Relationship between Pt content on the particle
surface and that in feeding solution.

ticles reached their final sizes so quickly that the
required time could not be detected by conventional
methods. A stopped-flow spectrophotometer was hence
used to measure the formation rate of the Au nanopar-
ticles. As shown in Figure 9, the absorbance at 520 nm,
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Figure 8. Variation of mean diameter with reaction time. (a)

Au, (b) Pt, (c) Au/Pt (), and (d) Au/Pt (*/1). Reaction conditions
as in Figure 2.
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Figure 9. Absorbance change with reaction time at a wave-
length of 520 nm measured by a stopped-flow spectrophotom-
eter. Reaction conditions: [HAuCls] = 0.1 M; [NoHsOH] =
1.0M; wo = 6; [AOT] = 0.1M.

which is the characteristic peak of Au, increased first
and then approached a constant value after about 4 s.
This reveals that the formation of Au nanoparticles is
completed in 4 s. In the case of the Pt nanoparticles,
the color of the reaction solution turned from light
yellow to colorless instantaneously and remained un-
changed for about 7 min. In this period, no particles
were observed by TEM analysis. In the following 7—60
min, the color of solution gradually turned to brown and
reached a stable condition. As indicated in Figure 8, the
Pt nanoparticles grew gradually to their final size in
this period. Thus, the instantaneous disappearance of
light yellow suggests that the reduction of H,PtClg was
quite fast, and the colorless and the following periods
could be associated with the nucleation and growth of
the particles, respectively. This was consistent with the
suggestion mentioned in the investigation of the particle
size: the reduction of PtClg2 ions was almost finished
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before the formation of nuclei. For both the cases of
Au/Pt (1) and Au/Pt (Y/g) bimetallic nanoparticles, the
colors of the reaction solutions also turned from yellow
to red instantaneously. However, as indicated in Figure
8, the Au/Pt (*/1) nanoparticles reach their final size very
quickly, but the Au/Pt (Y/g) nanoparticles reach their
final size after about 10 min. This indicates that the
nucleation and growth of Pt in the bimetallic system is
accelerated, although they were still slower than those
of Au. This could be attributed to the earlier formation
of nuclei due to the presence of Au.

As mentioned above, the investigation of the particle
size suggests that the reduction of the AuCl,~ and
PtCls~2 ions is almost finished before the formation of
nuclei, and the nuclei for the formation of the Au/Pt
bimetallic nanoparticles in this work might be composed
of Au and Pt atoms. In addition, although it was not
known whether the reduction of AuCl,~ ions was faster
than that of PtCls™2 ions, their reduction potentials
shown below reveals that the AuCl,;~ ions had the
priority in reduction.

AuCl,” +3e— Au +4Cl~ 1.00V (3)
PtCl, 2+ 2e — PtCl, 2+ 2CI~ 0.68V  (4)

PtCl, >+ 2e — Pt +4CI~ 0.73V (5)

Thus, according to the above analyses and discussions,
the formation process of the Au/Pt bimetallic nanopar-
ticles can be described as follows. First, the AuCl,~ and
PtCls~2 ions are reduced completely. Then, the Au and
Pd atoms start to aggregate to form the nuclei. Since
the nucleation rate of Au is much faster than that of
Pt, the nuclei of the bimetallic system should be formed
initially by the conformation of Au atoms, and the
composition of the nuclei might have a higher Au
content than that of the feed solution. All nuclei might
be formed almost at the same time. After this, the
bimetallic nanoparticles grow gradually to their final
size by the co-deposition of Au and Pt atoms on the
nuclei, but since Au atoms should have the priority to
deposit on the nuclei, this leads to the formation of a
Au-core/Pt-shell structure.

Summary

Au/Pt bimetallic nanoparticles were prepared in mi-
croemulsions of water/AOT/isooctane by the coreduction
of H,PtClg and HAUCI, with hydrazine. Particle size
analysis indicated that the resultant bimetallic nano-
particles were monodispersed and had a mean diameter
of 3—4.5 nm, depending on the composition of the feed
solution. The smaller size of the bimetallic nanoparticles
than the individual Au or Pt particles suggested that
the nuclei for the bimetallic system might contain both
Au and Pt, and the number of Au and Pt atoms required
for the formation of nuclei might be less due to the
different interaction of Au—Au, Pt—Pt, and Au—Pt. The
comparison of the UV/vis absorption spectra for the
bimetallic system and the physical mixture of individual
metal nanoparticles revealed the formation of bimetallic
nanoparticles. The XRD analysis also suggested the
formation of bimetallic nanoparticles and revealed that
the composition of each bimetallic particle was propor-
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tional to that of the feed solution. The EDX analysis
confirmed directly the formation of bimetallic nanopar-
ticles and showed that the composition for each particle
was roughly consistent with that of the feed solution.
The XPS data indicated that the Pt atoms were enriched
on the surface of the bimetallic nanoparticles, suggest-
ing a structure of Au-core/Pt-shell. It was also shown
that the surface composition of Au/Pt bimetallic nano-
particles had a linear relationship to the composition
of the feed solution. The control of surface composition
is of great interest and may be very important for the
preparation of catalysts. In addition, the formation rate
of the Au nanoparticles was found to be much faster
than that of the Pt nanoparticles. According to the
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kinetic analysis and the characterization of the par-
ticles, the formation process of the Au/Pt bimetallic
nanoparticles could be described. This study proposes
another practical method for the preparation of Au/Pt
bimetallic nanoparticles and should be helpful for the
clarification of the formation process of Au/Pt bimetallic
nanoparticles in w/o microemulsions.
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