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Aligned single crystalline ZnO nanorods with sharp end
were synthesized hydrothermally starting from metallic zinc
powders; investigations reveal that only metal powders can give
rise to nanorods under suitable conditions.

The research area of one-dimensional (1D) nanomaterials is
very active recently because of their unique properties and wide
potentials in nanodevices.1 Although a large number of 1D nano-
materials have been isolated,2 fabrication of 1D nanomaterial ar-
rays is still a paramount challenge. Many methods have been re-
ported including the famous vapor–liquid–solid or vapor–solid
growth techniques and methods employing templates such as po-
rous aluminum oxide or lyotropic liquid crystals.3 The vapor
techniques usually require special equipments and high temper-
atures, and the template method often encounters difficulties of
prefabrication and postremoval of the templates and usually re-
sults in impurities. Hence, further development of synthetic
methods is required. Substantial recent studies have indicated
that hydrothermal route is a powerful and promising strategy
for preparing 1D nanomaterials, such as nanowires and nano-
tubes, but mostly without any orientatianal order.4 For its simple
procedure and low cost, it would be desirable to use hydrother-
mal reactions for the synthesis of arrayed nanowires if ever
possible.

Extensive efforts have been focused on zinc oxide nanoma-
terials with controllable morphologies because of its wide band-
gap feature and various applications. Oriented ZnO nanowire or
nanorods have been reported by high temperature technique or
template methods.5 Solution routes were also developed to make
1D ZnO nanostructures under the assistance by surfactant or
polymers.6 Recently, Yang’s group reported a mild method for
ZnO nanowire arrays using nanoparticles as seeds.7 We have
successfully prepared large area free-standing titanate and ana-
tase nanowire arrays with aspect ratios up to 20000 by simple
templateless hydrothermal method using metallic Ti powders
as the starting reagent.8 To extend this method for other aniso-
tropic nanowire arrays, zinc oxide nanorod arrays were prepared
using H2O2 as the oxidant.

The zinc oxide nanorods were prepared by using metallic
zinc powder (100 mesh, Aldrich) as the raw material. Typically,
0.4 g of Zn powder and 14mL of H2O were mixed in a Teflon
vessel without stirring. Then 1mL of H2O2 (35%) was injected.
The mixture was sealed and hydrothermally reacted at 220 �C for
two days. The reaction can be expressed as:

Znþ H2O2 ! ZnOþ H2O

Indicated by this equation, this process is environmentally
benign without any additive and by-product and also avoids im-
purities. The reaction produced a light yellow precipitate that
was separated by decanting the solution, washed by distilled wa-

ter, and dried at room temperature. The product was character-
ized by powder X-ray diffraction (XRD), scanning electron mi-
croscope (SEM) and transmission electron microscope (TEM).

The XRD pattern was recorded on a Riguku D/MAX-2200
Ultima diffractometer equipped with a monochromated CuK�
radiation. The XRD profile (Figure 1A) confirmed that the
ZnO nanorods are hexagonal wurtzite structure (P63mc, a ¼
3:2495, c ¼ 5:2069 �A). All the peaks could be well indexed
without any impurity. The SEM observation was performed on
a Philips XK30-FEG model operating at a maximum accelerat-
ing voltage of 30 kV. The SEM image (Figure 1B) reveals that
the product is composed of aligned hexagonal pencil-like nano-
rods with nearly uniform diameters. The energy dispersive X-ray
analysis shows a 1:1 Zn:O composition within an experimental
error that is consistent with stoichiometric ZnO, revealing that
the nanorods are composed of pure ZnO. The sample was further
characterized by TEM on a JEM-3011 model operating with a
300 keV electron beam. Figure 2 shows the TEM and HRTEM
images and ED pattern of a single nanorod. The nanorod is
5mm in length and 45–200 nm in diameter with one sharp end
of 20 nm, showing the aspect ratio up to 110. The HRTEM im-
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Figure 1. XRD pattern (A) and SEM image (B) of ZnO nano-
rod arrays.
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age shows clear lattice fringes with the interval distance of 2.6 �A
between adjacent planes, corresponding to the distance between
two [002] lattice planes, disclosing the single crystal feature.
This also confirms that [001] is the preferred growth direction
for ZnO nanorods.

To our knowledge, array structures of 1D nanomaterials
were seldom reported from seedless or templateless hydrother-
mal reactions. As the case observed in our previous titanate
nanowire arrays, the key is using metal powder as the raw mate-
rial. The same reaction was also carried out by using zinc foil in
place of zinc powder. Large micron size crystals formed on the
surface of the foil (Figure 3A). However, aligned nanorods grow
between the cracks which were generated during the reaction
(Figure 3B). This is because of the rough surface of the cracks,
which is similar to stacked metal powders. The reaction is also
sensitive to temperature. Below 220 �C, the product contains un-
reacted zinc metal. The nanorods grow randomly at higher tem-
perature. These investigations indicate that the growth of ZnO
nanorods is kinetic control. That is, the involved reactions must
occur in compatible rates in order to form the nanorods into ar-
rays. Li has also hydrothermally prepared randomly grown ZnO

nanorods with nearly 100 nm in diameters from zinc metal using
cetyltrimethylammonium bromide (CTAB) to control the mor-
phology.8 This method generated flammable H2 gas. The CTAB
also contaminates the environment. Our strategy is a green meth-
od and produces thinner nanorods with sharp ends. Furthermore,
our result suggests that nanorod array patterns may be produced
by modifying the surface by planting metal particles.

In summary, a simple templateless hydrothermal method
was developed for ZnO nanorod arrays by using metallic zinc
powder as the reagent and H2O2 as the oxidant. The simple route
avoids impurities and is environmentally benign. The nanorods
are single crystalline that have pencil-like morphology with
sharp ends. The formation of zinc oxide nanorod arrays is influ-
enced by the reaction temperature and the form of zinc metal.

The authors are grateful to the financial support from Center
for Nanotubes and Nanostructured Composites.
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Figure 2. TEM (A) and HRTEM (B) images and ED pattern of
a single ZnO nanorod with the arrow showing the growing direc-
tion.
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Figure 3. SEM images of ZnO produced by using zinc foil: (A)
on the surface of the foil, (B) nanorods in the crack of the foil.
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