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Photochemical synthesis of Au and Ag nanowires
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Abstract

Au and Ag Noble metals nanowire arrays have been successfully prepared by a photochemical method in porous

anodic aluminum oxide template from an aqueous solution of HAuCl4 and AgNO3 in the presence of polymer capping

materials PVA at room temperature. The products were characterized by XRD, TEM and SEM. These nanowires have

uniform diameters of about 20 nm, which correspond to the pore sizes of the templates used, and lengths are up to tens

of micrometers. This approach can be used to fabricate crystalline nanowire arrays of a wide range of other metals and

semiconductor materials.

r 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Nanomaterials of noble metals have been the
subject of much intensive research due to their
potential applications in microelectronics [1–4],
and their optical, electronic, and catalytic proper-
ties [5–8]. Many experimental approaches of
fabricating nanowires have been reported, utilizing
a variety of nanofabrication techniques [9–13] and
crystal growth methods, including arc discharge
[14], laser ablation [15,16], catalytic CVD growth
[17,18], and template synthesis [19], etc. In this

field, it is still a challenge to synthesize aligned and
well-distributed nanowire arrays as well as highly
crystallized structures. Au and Ag nanowires have
been prepared by the electrodeposition method
[20–24] and thermal decomposition [25]. Here we
introduce a new method, the photochemical
method, to synthesize noble metal Au and Ag
nanowire arrays in the alumina oxide template.
The method of photochemical synthesis of

nanoparticles has been an important tool in
chemistry in recent years. It is more convenient
and environmental friendly compared with the
above methods. Here we use ultraviolet light
irradiating on an alumna template to synthesize
the Au and Ag nanowires. In the presence of
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polymer capping materials PVA, HAuCl4 and
AgNO3 could decompose slowly at room tempera-
ture under the ultraviolet irradiation light and
release Au+ and Ag+ homogeneously in the
presence of PVA. To the best of our knowledge,
preparation of Au and Ag noble metal nanowires
by the photodeposition method in the AAO
template has never been reported before.

2. Experimental procedure

All the reagents used were of analytical purity
and without further purification. HAuCl4 and
AgNO3 were purchased from Aldrich Company
and PVA (Huakang Sci-Tech Company, China,
Molecular weight: 80000). Absolute ethanol,
acetone and were purchased from Nanjing Che-
mical Reagent Factory (China). Distilled water
was used in our experiments.
The AAO templates with pore sizes of about

20 nm were grown by potentiostatically anodizing
aluminum plates (0.17mm thick, 99.99%) in an
aqueous solution of 3% oxalic acid. After the
anodization, the remaining aluminum was etched
by a 20% HCl–CuCl2 mixed solution. Then, the
barrier layer was dissolved using 5% H3PO3 and
20% H2SO4.
In a typical procedure, 1.0 g polyvinylalcohol

(PVA) was introduced into 30ml distilled water
and heated until the PVA was dissolved, then
3wt% PVA solution was obtained, and several
drops of HAuCl4 (or 0.35 g AgNO3) were added to
the solution to give the final concentrations of
10�4 HAuCl4 (or AgNO3). An alumina template
with pores of 20 nm diameter was immersed in the
above solution. Then the mixture solution was
placed in a glass beaker about 10 cm away under a
500W, column-like, high-pressure mercury lamp
(l > 290 nm) and exposed to ultraviolet irradiation
for 5 h at room temperature. When the reaction
was finished, the AAO templates with the nano-
wires were removed from the solution and washed
with double distilled water, finally dried in air
at room temperature and subjected to further
analysis.
XRD measurements were performed on a

Ka X-ray as the excitation source (Shimadzu

XD-3A X-ray diffractometer at a scanning rate of
4�/min in the 2y range from 30� to 85�, with
graphite monochromatized Cu Ka radiation
(l ¼ 0:15418 nm) and nickel filter). The products
for transmission electron microscopy by dissolving
the AAO template in 6M NaOH at 25�C for
10min and washing several times with deionized
water was collected on a carbon-coated copper
grid, and dried in air before measurements; TEM
images were obtained on a JEOL-JEM 200CX
TEM at an accelerating voltage of 100 kV. The
products for scanning electron microcopy by
dissolving the AAO template in 1M NaOH at
25�C for 1 h and carefully washing two times with
deionized water and SEM images were obtained
using an JSM-5900 SEM.

3. Results and discussion

The morphology of the Au and Ag of nanowire
arrays inside the pores of the alumina template
membrane have been studied by TEM and SEM.
We synthesized the Ag nanocrystalline whisker
(Figs. 1a and b) and Au nanocrystalline rods (Figs.
1c and d) by the ultraviolet irradiation technique.
TEM images of the Au and Ag nanoparticles

after removing the alumina layer with 6M NaOH
are shown in Fig. 1. Figs. 1a and b shows the TEM
images of Ag nanoparticles. Ag nanocrystalline
whisker is formed in the AAO template, these
nanocrystalline whiskers twist together after re-
moval of the alumina membrane by dissolution in
6M NaOH. Au single nanorod shown in TEM
image of Fig. 1c has a diameter of about 20 nm,
which corresponds closely to the pore diameters.
Fig. 1d shows that the length of several nanorods
is not uniform; this may be due to disruption when
the alumina template was polished.
SEM images of Au and Ag nanoparticles are

shown in Fig. 2. The Au nanorods on the alumina
template with the uniform diameter and length can
be observed in the images and these rods were
overturned from the interior of the alumina
template before dissoluting the template in 6M
NaOH, so the rods are dispersed. We also
observed Ag fibers as shown in Fig. 2b. Several
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fibers stuck together to form the emanative
morphology during the dissolution.
A typical XRD pattern of the Ag and Au

nanowires is shown in Fig. 3. The diffraction peaks
correspond to the (1 1 1), (2 0 0), (2 2 0) and (3 1 1)
planes, respectively. All the reflections of Ag and
Au on the XRD pattern can be indexed to a face-
centered cubic structure according to the literature
pattern (Ag: JCPDS, file no. 04-0783, Au: JCPDS
04-0784).
The concentration of PVA was found to play a

significant role in the formation and growth of the

Ag and Au nanoparticles. The results confirmed
that almost no Ag and Au nanoparticles were
present in the products if the concentration of
PVA was lower than 1.0wt% in the presence of
10�4M AgNO3 and HAuCl4. Increasing the
concentration of PVA in the system was found
to be favorable for the formation of the shaped Ag
and Au particles. When the concentration of PVA
was over 3.0wt%, no products were obtained in
the alumina template because the concentration of
PVA was too thick to help the Ag and Au particles
enter the pores of the alumina template.
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Fig. 1. SEM images of Au and Ag nanowires synthesized with the AAO template.

W.-B. Zhao et al. / Journal of Crystal Growth 258 (2003) 176–180178



4. Conclusion

In summary, photodeposition directly in the
AAO template is a simple and efficient method to

produce noble metals Au and Ag nanowire arrays
(Fig. 3). SEM, TEM and XRD results demon-
strated that these Au and Ag nanowires have a
uniform length, and diameter. Furthermore, this
approach can be used to fabricate other semicon-
ductor nanowires in an aqueous solution system.
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