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Abstract: The colloidal Au core/ Ag shell structure composite nanoparticles were synthesized in PEG-acetone solu-

tion by photochemical route. The monodispersed Au nanoparticles with average diameter of 3. 9 nm were used as

growth seeds. The optical property of colloids and the sizes of composite nanoparticles were characterized when the

molar ratio of Au to Ag ranges from 4! 1to 1: 4. The results show that a composite nanoparticle structure similar

to strawberry shape is formed at the molar ratio of Auto Ag from 4: 1to 1: 1; the composite nanoparticles consis-

ting of a core of Au and shell of Ag were generated at the 1. 4 molar ratio, having a striking feature of forming

interconnected network structure.
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1 INTRODUCTION

In recent years, the noble metal composite
nanoparticles have attracted considerable attention
from both the fundamental and applied research
due to their potential applications in optics, elec

781  Conse

tronics, catalysts and DNA biosensors
quently, a number of methods have been developed
for fabricating bimetallic composite nanoparticle
structures. In particular, Au-Ag composite nanop~
articles from an alloy to coreshell structure have
been synthesized in aqueous solution by co-
reduction of HAuCls and AgNOs or depositing Ag
on Au particles with sodium citrate'” and by

U2 Treguer et al''” repor-

high-energy radiation
ted a method by radiolysis of the mixed metal salt
solutions, the composition of the composite clus-
ters can be changed from a bilayered coreshell
structure to an alloy with an increase of the radiol-
ysis dose rate. However, the investigations on the
preparation of core-shell particles by photochemical
reduction are seldom reported ”'. Herein, we re-
port a photo-reduction method for generating core
shell particles consisting of a core of Au and a part
or complete enveloped shell of Ag, based on the
photo-reduction of both HAuCls and AgNOs and
the precipitation of Ag on the surfaces of the per-
formed Au seed. Thus, the optical property of the
colloids is easily tunable for optical applications re-

quiring a certain absorption spectrum.

2 EXPERIMENTAL

HAuCls and AgNO3s were prepared from high
pure gold and silver (the purity of 99.99%). The
average molecular weight of Poly (ethylene glycol)
(PEG) is 400. Double distilled water and analyti-
cal grade chemicals were used throughout experi-
ment. The colloidal Au (or Ag) particles were pre-
pared in Au ( II) (or Ag" )-PEG-acetone aqueous
solution with UV irradiation of 300 nm'". The fi-
nal concentration of metallic ion, PEG and acetone
is 2.44x10°*, 5.64x 10 * and 0. 5mol/ L, respec
tively. The composite nanoparticles with an Au
core/ Ag shell structure were synthesized photo-
chemically under the same conditions, using pre-
formed 3.9 nm Au particles as seeds (Fig. 1). The
total concentration of Au’ and Ag" ions remained
2. 44 x 100* mol/L, and their molar ratio was
changed in the ranges of 41 1to 1: 4.

The UV-Vis absorption spectra of the colloi-
dal Au, Ag and composite nanoparticles were re-
corded on a Lambda900 UV/VIS/NIR spectro-
meter with 1 mL quartz cuvette ( Parkin-Elmer).
The images of nanoparticles were taken with a
H800 TEM operated at 150 kV. TEM specimens
were prepared by placing microdrops of colloid so-
lution on a Formvar film supported by copper
grids. The average diameter of the particles in dif-
ferent samples was determined by counting at least
200 particles from the TEM images.
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Fig.1 TEM image of Au seed

3 RESULTS AND DISCUSSION

3.1 Photochemical preparation of colloidal Au and

Ag particals

In photochemical preparation of the colloidal
Au or Ag particals, PEG was mainly used as the
protective agent and acetone can accelerate the
photoreduction reaction. After 10 min irradiation,
yellowy gold solution turned rose. A surface plas-
mon resonance ( SPR) absorption band which did
not change with further irradiation was at a maxi
mum wavelength of 514 nm. TEM image charac
terized in Fig. 1 shows the monodispersed spherical
Au particles with average diameter of 3. 9 nm (Rel-
ative standard deviation( RSD) (%)= 16.0). These
particles can be used as seeds for further formation
of coreshell structure. For the preparation of Ag
colloid, after Smin irradiation, a SPR absorption
band appears at 401 nm. However, the absorption
intensity decreased with further irradiation, and
transparent solution turned turbid. This can be at-
tributed to the aggregation of Ag nanoparticles.

3.2 Optical property and TEM characterization
Based on photochemical formation of the col-
loidal Au and A g particles, it is predictable to form
Au-Ag composite nanoparticles in the above solu-
tion containing preformed Au seeds and Ag® ions.
Therefore, the progressive evolution of SPR spec
trum with time at different molar ratios of Au seed
to Ag" is recorded in Fig. 2. After 5 min irradia-
tion, SPR spectra gradually changed from the pro-
file of pure Au colloid to that of pure Ag colloid at
the molar ratio from 4. 1 to 1 4. In the case of 4
- 1 molar ratio, the SPR spectra have an evident
enlargement( see curves a, b and ¢ in Fig. 2), be-
cause the Ag” ions are absorbed on the surface of
Au seed particles and then catalytically reduce. Af-
ter a long time (50 min) irradiation, the SPR peak
has a slight red shift and its intensity decreases.
When the molar ratio of Au to Ag is changed
to 1 1, after 2 min irradiation, two recognizable
SPR peaks are observed as curve b in Fig. 2(b).
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Fig.2 Evolution of UV-vis SPR spectra of
AuAg composite particles with time at

different molar ratios of Au seed to Ag
(8) =45 1; (B) —1: Tz (o) —15 4

After Ag" ions are completely reduced, the SPR
spectrum presents a shoulder peak with Ag absorp-
tion feature (curve ¢ in Fig. 2(b)), which disap-
pears with further irradiation ( curve e in Fig. 2
(b)). For the above-mentioned molar ratio cases,
the decrease of the SPR absorption intensity is
probably due to photoinduced growth of composite
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particles. TEM image characterized in Figs. 3( a)
and (b) clearly shows that Au seed with average
diameter of 3.9 nm is enlarged to 4.7 and 6. 6 nm,

corresponding relative standard deviation( RSD) is
24.9 and 17. 4, respectively.

30 nm

Fig.3 TEM images at different molar ratios

of Auto Ag
(a) =42 1, (b) =12 L () =11 4

The SPR spectrum at the molar ratio of 1: 4
shows more Ag nanoparticle feature. The succes-
sive decrease of the absorption intensity with irra-
diation is probably concerned in gradual thickening
of the Ag shell.

colloid was placed for 24 h at room temperature,

After the composite particle

the tiny precipitate occurred. The most striking
feature of TEM image at this molar ratio is the for-
mation of an interconnected network structure, as
shown in Fig. 3(¢). Perhaps, that is the reason
why the agglomerate easily appears in this colloidal
solution of the composite nanoparticles.

3.3 Evidence for Au core/ Ag shell composite nano-
particle structure

The previous studies

ted that the alloyed Au-Ag nanoparticles have only

one SPR peak. When both Au and Ag colloid pre

pared with photoreduction were mixed by a certain

7, 10, 12
( I have demonstra-

ratio, two plasmon peaks appeared in the absorp-
tion spectra. Obviously, the SPR spectra recorded
here are completely different from the above two
cases. Based on determining CN™ with Ag nanop-
articles'"” and CN~ dissolution rate for Au higher
than that for Ag under ambient conditions, the Au
core/ Ag shell nanoparticle structure was confirmed
again by the CN™ dissolution experiments. Fig. 4
(a) shows that the SPR peak contributed from Ag
nanoparticles precipitated on the surface of Au seed
appeared due to the dissolution of Au at the molar
ratio of Auto Ag4: 1, indicating the formation of
the partially Ag covered gold particles, i. e., a
straw berry-like conformation. However, Fig. 4(b)
displays two SPR peaks to correspond to Ag and
Au at the molar ratio of 1. 4 with the dissolution
of Ag shell, revealing the formation of a shell layer
on the surface of Au seed.
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Fig. 4 Dissolution of composite particles at
molar ratio of Auto Ag 4: 1(a) and 1: 4(b)
a —Without cyanide;
b~ d —Increasing cyanide amount
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Fig. 5 Schematic illustration of mechanism of forming bimetallic core shell structure protected by PEG

3.4 Mechanism of forming core/ shell

The mechanisms on the autocatalytic growth
of the Au seed particles and stabilization by the
pseudo-crown ether in PEG-acetone solution under
the condition of UV radiation have been illustrated
in detail in Ref.[ 14]. Similarly, in the presence of
Au seed particles, Ag® ions can be only catalyti-
cally reduced on the surface of Au particles in the
UV irradiation process. More positive reduction
potential of Au than Ag is an important factor, be
cause the core-shell structure consisting of the Ag
nucleus coated with Au particles can t be obtained
in this reaction system due to the displacement re-
action. In order to generalize the mechanism of
forming bimetallic core shell structure, a schematic
illustration is given in Fig. 5.

4 CONCLUSIONS

The bimetallic Au-core/ Ag shell

nanoparticles were synthesized in the PEG-acetone

structure

aqueous solution by photochemical route, using
monodispersed colloidal Au particles as the media-
ted growing seeds. The size of Au core and thick-
ness of Ag shell in the composite nanoparticles can
be controlled to change the diameter of Au seed
and Ag® concentration in the solution. Thereby,
the optical property induced from the coreshell
structure can be tailored through varying mole
ratio of Au and Ag" .
core/ shell structure and the model of mechanism of

In addition, the evidence of

forming Au/ Ag composite nanoparticles were also
provided.
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