
Journal of Photochemistry and Photobiology A: Chemistry 221 (2011) 220– 223

Contents lists available at ScienceDirect

Journal  of  Photochemistry  and  Photobiology  A:
Chemistry

jo ur nal homep age : www .e lsev ier .com/ locate / jphotochem

Light-assisted  nucleation  of  silver  nanowires  during  polyol  synthesis

Hongzhen  Lina,b, Tatsumi  Ohtaa, Aniruddha  Paula, James  A.  Hutchisona,c,  Kirilenko  Demidd,
Oleg  Lebedevd,e,  Gustaaf  Van  Tendelood,  Johan  Hofkensa,  Hiroshi  Uji-i a,f,∗

a Division of Molecular and Nano Materials, Department of Chemistry, Katholieke Universiteit Leuven, Celestijnenlaan 200F, Heverlee 3001, Belgium
b i-LAB, Suzhou Institute of Nano-tech and Nano-bionics, Chinese Academy of Sciences (CAS), Suzhou 215125, PR China
c Laboratoire de Nanostructures, Université de Strasbourg, 8 allée G. Monge, Strasbourg 67000, France
d EMAT (Electron Microscopy for Materials Science) Universiteit Antwerpen, Groenenborgerlaan 171, B-2020 Antwerpen, Belgium
e Laboratoire CRISMAT, CNRS ENSICAEN, Universite de Caen, 6 bd Maréchal Juin, 14050 CAEN, France
f PRESTO, Japan Science and Technology Agency (JST), 4-1-8 Honcho Kawaguchi, Saitama 332-0012, Japan

a  r  t  i  c  l  e  i n  f  o

Article history:
Available online 16 April 2011

Keywords:
Metal synthesis
Metal nanowires
Photo-synthesis
Plasmonics
Surface plasmon

a  b  s  t  r  a  c  t

This  report  describes  the  effect  of  light  irradiation  on  the  synthesis  of  silver  nanowires  by  the  well-known
polyol  method.  High  quality  nanowires  are  produced  in  high  yields  when  the  reaction  suspension  is
irradiated  with  400–500  nm  light  during  the  nucleation  stage.  These  studies  suggest  that  light  accelerates
the  formation  of  the  nanoparticle  seeds  most  appropriate  for nanowire  growth.

© 2011 Published by Elsevier B.V.

1. Introduction

The unique optical properties of silver nanoparticles (NPs)
arise from surface plasmon resonances (SPR) and give these
structures enormous potential application in a wide area includ-
ing sensing and spectroscopy [1–8]. SPR is especially sensitive
to the size and shape of the NPs but also to their metal-
lic composition, dielectric environment, and distance between
NPs when they aggregate [9–12]. Therefore it is crucial to be
able to synthesize NPs with well-controlled size and shape in
order to fine-tune their optical properties for future applica-
tions.

Many methods have been developed for the controlled growth
of silver NPs of various shape and dimension, such as triangles
[13–15], cubes [16,17], rods and nanowires [18–24],  using both
thermal and photonic stimuli as well as capping agents/surfactants.
Among these, nanowires (NWs) are interesting materials in the
field of plasmonics, employed as sub-diffraction limited waveg-
uides [1,25–27], resonators [28], and photonic crystals [29]. One
of the most frequently used methods of silver NW synthesis is the
polyol process in ethylene glycol (EG), which provides high qual-
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ity NWs  with a diameter below 100 nm and a length over 10 �m
[21,22]. In this method one of the crucial factors is the proper
choice of the kind and amount of surfactant, poly(vinylpyrrolidone)
(PVP), to bind to and pacify a specific crystal facet. While the pro-
tecting agent thus plays a critical role during the growth phase, it
should not be forgotten that the initial nucleation of the appropri-
ate seed particle also influences the ability to obtain a NP of the
desired shape. In this paper, we demonstrate that light irradiation
during the nucleation phase of the polyol synthesis strongly influ-
ences seed particle formation and the subsequent growth of silver
NWs.

2. Experimental

Silver nitrate (99.9999%), PVP (Mw  ∼ 40,000), sodium chlo-
ride (>98%), and ethylene glycol (anhydrous, 99.8%) were
purchased from Sigma–Aldrich and used without further purifica-
tion.

We followed the polyol method in reference 16 in our synthe-
sis protocol. For typical synthesis, 5 ml  of EG was first refluxed at
160 ◦C for 60 min  under a dry argon flow, followed by addition of
3 ml  of an EG solution of silver nitrate (0.1 M)  and 3 ml  of an EG solu-
tion of PVP (0.6 M)  drop-wise at a typical rate of 150–300 �l/min
(10–20 min  total time for injection). After the injection, the solu-
tion was  refluxed at 160 ◦C for another hour in air without gas flow.
Since the polyol process used in this study is sensitive to the water
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content in the reaction solution, all the solutions were prepared
directly in syringes in order to avoid absorbing extra water from
air. To study light effect on the synthesis, the reaction suspen-
sion was irradiated using a Halogen lamp (100 W,  Olympus). UV
(<400 nm)  and near-infrared light (>800 nm)  were rejected with
optical filters. In order to select wavelength of the irradiations, a
band pass filter (transmit between 400 and 500 nm)  or a long pass
filter (transmit over 500 nm)  were used. In typical experiments, half
the power of the lamp was used and the whole reaction suspension
was irradiated (irradiation area of ∼60 cm2).

To measure extinction spectra of the reaction solution during
the synthesis, a few hundreds ml  of the suspension was taken
and immediately cooled down in ice water in order to quench
the reaction. UV–vis spectroscopy was conducted using a Lamda40
spectrophotometer (Perkin Elmer).

Transmission electron microscopy (TEM)-studies were per-
formed using Jeol 4000EX (accelerating voltage 400 kV, point-
to-point resolution 0.17 nm). Specimens for TEM were made by
grinding of the material in methanol followed by deposition of
obtained suspension on the conventional holey carbon film.

3. Results and discussion

Fig. 1 displays TEM images of the products formed under two
different conditions, i.e. under white light illumination and in dark
conditions. NWs  are produced when the reaction suspension is
exposed to white light (between 400 and 800 nm)  during the reac-
tion (Fig. 1a). The NWs  typically have a diameter of ∼100 nm with
lengths up to 30 �m [see the optical transmission image in Ref. 1].
The NWs  grow along the {1 1 2} direction with {1 0 0} side facets
(Fig. 1b). The ends of NWs  are likely faceted by (1 1 1) and (1 0 0).
Single-crystal nanocubes are also produced as a side product. In
contrast, the same reaction in dark produces no NWs  but NPs with
a wide range of size from tens to a few hundreds of nm as shown
in Fig. 1c.

The difference in the reactions with/without light is already
present at the nucleation stage (the first 10–20 min  in which the
injection of AgNO3 and PVP solutions occurs). While the color of the
suspension turns yellow a few minutes after starting the injection,
and becomes grayish in around 5 min  in both conditions, trans-
mission electron microscope (TEM) studies show that a radically
different nucleation occurs. Fig. 2 displays TEM images of NPs in the
suspension taken at 10 min  (Fig. 2a and c) and 15 min  (Fig. 2b and
d) after starting the injection (rate of 300 �l/min), with and with-
out light illumination, respectively. Under light irradiation, many
multiply twinned particles are obtained, containing {1 1 1} twin
boundaries (Fig. 2a). Besides these twinned crystals, single-crystal
nanocubes and twinned rods are also found. At 15 min, the reac-
tion suspension contains mainly twinned rods and single-crystal
cubes, with fewer twinned NPs (Fig. 2b). The TEM images in Fig. 2a
and b show that the rods also exhibit {1 1 1} twinning along their
longitudinal axis.

The same reaction without light irradiation (in the dark) shows
a strikingly different result as displayed in Fig. 2c and d. The NPs
are much larger and more polydispersed both in shape and size.
NP size ranges from a few tens to a hundred nm at 10 min  (Fig. 2c)
and most of the NPs contain many random boundaries. The NPs are
larger after 15 min  (Fig. 2d) but none of them converted into NWs
during the further growth phase (Fig. 1b).

As mentioned, in both light and dark conditions the color of the
initial suspension becomes yellowish within a minute of starting
the injection of the silver nitrate and PVP EG solutions, indicat-
ing that small silver NPs were generated in both cases. However
the TEM results clearly show that these NPs are likely to be
multiple-twinned/single-crystal NPs in the presence of light, and

Fig. 1. (a) A TEM image of the final products of the polyol synthesis carried out with
white light irradiation. (b) A high-resolution TEM image of a nanowire showing
twin boundary and the growth direction. (c) A TEM image of the final products of
the  synthesis in dark.
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