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A Facile Route to Silver Nanowires
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This letter describes a facile self-seeding route to silver
nanowires using Dextran which worked as both a sacrificial tem-
plate and a reducing reagent in aqueous solution. In the entire
process, there are not any exotic seeds or stabilizers needed,
and the growth mechanism is also briefly discussed.

One-dimensional (1D) nanoscale materials exhibit unique
magnetic, optical, electrical, and catalytic properties.’> Of these
nanomaterials, silver nanowires have been the focus of many re-
cent research areas because of their potential use as active com-
ponents in catalysis, photography, electronics, photonics, infor-
mation storage, optoelectronics, biological labeling, imaging,
and sensing.® By now, there have been many ways to synthesize
silver nanowires, such as the use of electrochemical techniques,4
polymer-directed synthesis,>® in emulsion or multiphase sys-
tem.” Generally, using 1D nanostructure (i.e., carbon nano-
tubes,® DNA chains,” and mesoporous materials®) as template
is an important one, which may ensure a good control of the mor-
phology of final product, but these templates may also compli-
cate the synthetic procedure and limit the scale of the silver
nanowires. Here, a new aqueous self-seeding strategy is report-
ed. A useful polymer of Dextran, previously used for various
Ag crystalline nanostructures,'®!! was chosen as not only a sac-
rificial template but also a reducing reagent for the synthesis of
silver nanowires. By controlling the feedstock, Dextran-capped
silver nanowires can also be obtained in the route.

Recently, silver nanowires have been synthesized in the
presence of a polymer stabilizer poly(vinylpyrrolidone) (PVP)%
to direct the anisotropic growth of silver nanowires in organic
solution such as ethylene glycol. From the point of green chem-
istry, aqueous solution is much favorable for the synthesis of 1D
silver nanocrystals comparing with organic solutions. The pres-
ent idea of this letter comes from the well-known silver mirror
reaction, in which silver ions were reduced by aldehyde groups
within glucose in aqueous solution.'”> The polymer of Dextran
also has reductive aldehyde groups, it could also be used as a
suitable reducing reagent for silver ions and a stabilizer for the
prepared nanocrystals.

Previous investigations have indicated that exotic seeds
(e.g., aurum, platinum nanoparticles) were a key factor to direct
the growth of wirelike nanocrystals,® while at our experiments
silver nanoparticles formed in the initial stage'®!! served as
seeds for silver nanowires. In a typical synthetic process, Dex-
tran as structure-directing agent in the system was dissolved in
warm distilled water with vigorous magnetic stirring, and then
silver nitrate was added with nonstop stirring until Dextran
was dissolved completely. After that, the new-generated gel con-
taining minute silver nanoparticles (worked as self-seeds) was
transferred into a stainless steel autoclave and heated at 180 °C
for 12 h. In the chemical route of using the long chain of Dextran

as a templating agent, the aldehyde groups reduce silver ions to
form metal silver,!%!! while the hydroxy groups stabilize the
products of silver nanoparticles from their agglomeration. Dur-
ing the growth process, the nanoparticles with larger sizes will
grow at the expense of smaller ones because of the effect of Ost-
wald ripening. Meanwhile, the use of Dextran can also probably
promotes the anisotropic growth of silver nanocrystals by con-
trolling the growth rates of various faces via its selective coordi-
nation onto the silver facets. Finally, the silver nanoparticles
with larger sizes grew into uniform diameter nanowires in the
present self-seeding process. It is also noted that these self-
generated seeds were much favorable for the preparation of
silver nanowires with less impurity, while some particles were
produced along with the silver nanowires. The formation of
the silver nanocrystals can be described as in Scheme 1.
Figure 1 gives the X-ray diffraction pattern for the as-pro-
duced products. The four sharp peaks can be indexed to (111),
(200), (220), and (311) diffraction peaks of a face-centered cubic
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Scheme 1. Schematic synthesis of silver.
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Figure 1. XRD pattern (with Cu K« radiation) of as-prepared
sample.
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Figure 2. (a) SEM image of silver nanowires, inset: high mag-
nification; (b) TEM image and the corresponding SAED pattern.
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Figure 3. UV-vis adsorption spectrum taken from the as-
prepared silver nanowires suspended in ethanol.

silver crystal, respectively, which indicates that the products was
silver with good purity.

The typical scanning electron and transmission electron mi-
croscopic images of the sample are presented in Figures 2a and
2b, respectively, which illustrate that the sample is mostly com-
posed of uniform nanowires with a range from 20 to 80 um in
length and about 270 nm in diameter. The inserted high-magni-
fication picture in Figure 2a indicates that the microstructures
and shapes of the cross section of a single silver nanowire were
in fivefold symmetry. The inset in Figure 2b is the electron dif-
fraction pattern for a typical silver nanowire, which indicates
that the wires were cubic single crystals.

Figure 3 shows the UV-vis absorption spectrum of the silver
nanowires, which was obtained by dispersing the silver nano-
wires in alcohol under sonication. The spectrum exhibited a
broad absorption peak centred at around 421 nm, which could
be attributed to the transverse plasmon band of the silver nano-
wires, as well as a shoulder at around 360 nm, which can be at-
tributed to the surface plasmon excitation of the silver nano-
wires.®!3

The experimental investigations suggested that the optimal
conditions for the nanowires are in the feedstock of 0.050 g of
Dextran with 0.076 g of silver nitrate (about 0.7:1 by weight)
in 45mL of distilled water at 180°C for 12h. The structures
and morphologies of the nanowires can be observed in
Figures 1 and 2. When reaction temperature was set as 120
and 140 °C for 12 h, the products were silver nonarods and nano-
wires with a quantity of irregular nanoparticles (see in Support-
ing Information). In the route, 180 °C was essential for the for-
mation of nanowires, and their diameters were in low distribu-
tions (about 270 nm). The distributions of diameters and lengths
were affected by various factors, while the former was mainly
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affected by temperature and the latter affected by the quantity
of Dextran used. We note that when more Dextran was used,
more particles and fewer wires were produced. An apparent rea-
son for this is that more Dextran resulted in a greater number of
Ag nuclei or particles generated from the redox reaction, while
the more Dextran made the solution more viscous and so incur-
red a mass diffusion barrier for succeeding oriented crystal
growth during the Ostwald ripening period. Our previous inves-
tigation could also give a support for the above explanation.'*
When the quantity of Dextran was increased up to 0.250 g with-
out changing the quantity of silver nitrate (0.076 g), it was also
observed that some nanowires were covered with polymer and
the sheath was not easily washed out with cold distilled water
(see in Supporting Information). The sheath is around a quarter
of the width of the nanowires and the surface states of these
structures were analyzed by an X-ray photoelectron spectro-
scope (XPS) (as shown in Supporting Information).

In summary, large scale silver nanowires with uniform di-
ameters and high aspect ratios have been successfully synthe-
sized through a self-seeding process using Dextran as a stabilizer
and sacrificial template. It was found that temperature and the
molar ratio of Dextran to silver nitrate is a crucial factor to the
silver nanostructures. Especially, high-concentration Dextran
can yield Dextran-capped silver nanowires. The facile and envi-
ronmentally friendly synthetic strategy will also provide a worth
way to other 1D nanostructures.
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