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A convenient microemulsion-mediated hydrothermal process was

employed to synthesize ZnO nanowires, which exhibited a strong

ultraviolet emission and a relatively weak defect emission. X-Ray

diffraction, scanning electron microscopy, transmission electron

microscopy and fluorescence spectroscopy were used to charac-

terize the as-prepared ZnO nanowires.

Semiconductor nanowires have exhibited strong grain-size-
dependent properties in electronics and optoelectronics, and
their one-dimensional nanostructures are liable to be inte-
grated in nano-devices, for instance, as nanowire light-emitting
devices with extremely low power consumption.1–3 Various
methods, such as chemical vapor deposition,4–7 arc discharge,8

laser ablation,9 solution10,11 and a template-based method,12,13

have been employed to prepare the nanowires. However, the
production of nanowires by a simple and mild route still
remains a major challenge.
Nowadays, growing interest in one-dimensional oxide

nanomaterials, especially ZnO nanowires, is being displayed.
ZnO, as a wide bandgap (3.37 eV) semiconductor with a large
exciton binding energy (60 meV), has been extensively inves-
tigated, due to its promising applications in short-wavelength
light-emitting, transparent conductor, piezoelectric materials
and room temperature ultraviolet (UV) lasing.14 Recently, a
few studies on ZnO nanowires prepared by vapor transport,15

anodic alumina membrane templates13,16 and physical vapor
deposition approaches17 were reported. However, the pre-
paration methods mentioned above involve complex proce-
dures, sophisticated equipment and rigorous experimental
conditions. Therefore, it is necessary to develop a simple
synthetic method to prepare ZnO nanowires for promising
wide-ranging applications. Microemulsion or reverse micelle
methods have been widely used as a special microreactor for
confining the growth of nanomaterials. The shape of the
microreactor varies significantly with the reaction conditions,
especially the temperature.18 Herein, we report a simple, direct
and reproducible synthetic method for preparing ZnO nano-
wires by a microemulsion-mediated hydrothermal process
under mild conditions.
The as-prepared ZnO nanowires have been structurally

characterized by X-ray diffraction (XRD, Rigaku Dmax 2000,
employing Cu-Ka radiation). A typical XRD pattern of the
nanowires is shown in Fig. 1. It can be seen that the nanowires
display the wurtzite structure (hexagonal phase, space group
P63mc, JCPDS card no. 36-1451) with high crystallinity.
Compared with the standard diffraction patterns of ZnO, the
discrepancy in the relative peak intensities is associated with
the fact that nanowires have preferred growth orientations.
Moreover, the relative peak intensity of (100) to (002) in the
present case is quite different from that reported by Pan et al.,3

implying that ZnO nanowires prepared by various methods
may exhibit different preferred growth orientations.
The morphology of the nanowires was examined by scan-

ning electron microscopy (SEM, Amary, FE-1910) and trans-
mission electron microscopy (TEM, Hitachi, H-9000NAR). A
typical SEM image, shown in Fig. 2, reveals that the product
contains ZnO nanowires with diameters ranging from 30 to
150 nm. The aspect ratio of the nanowires is estimated to be
larger than 50. A representative TEM image for a single ZnO
nanowire (Fig. 3) shows a nanowire with a diameter of � 30
nm and a length of up to 3 mm. The selected-area electron
diffraction pattern (SAED, inset of Fig. 3) indicates that the
ZnO nanowires exhibit a single crystal structure with a pre-
ferred growth orientation along the (110) crystal face, based on
a calculation of the diffraction dots. The blurry diffraction dots
in the inset image might hint at the existence of small crys-
tallites segregated around the nanowires.

Fig. 1 X-Ray diffraction pattern of the ZnO nanowires prepared by
the microemulsion-mediated hydrothermal approach.

Fig. 2 SEM image of the ZnO nanowires.
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The room temperature photoluminescence spectra were
performed on a Jobin Yvon-Labram spectrometer with a
He–Cd laser focused in about 1 mm as the excitation source at
325 nm. As is shown in Fig. 4, the UV emission at 385 nm was
assigned to the recombination of excitonic centers in the
nanowires,15 and the emission at 485 nm originated from the
radiative recombination of a photogenerated hole with an
electron occupying the oxygen vacancy.19

As for the growth mechanism of the as-made ZnO nano-
wires, the role of surfactants should be taken into considera-
tion. In the absence of surfactant, ZnO usually crystallizes via
a growth-directed process under hydrothermal conditions.20 In
the present case, when CTAB and n-hexanol surfactants are
both present, the formation of the ZnO nanowires could be
induced and achieved via a directed aggregation growth pro-
cess mediated by the microemulsion droplets, as suggested by
Zhang et al.21 At the nucleation stage, the microemulsion
droplet may play a role in confining the size and shape of the
crystal nucleus.18 At the growth stage, it is considered that the
controllable precipitation of Zn(OH)2 inside the droplet
microreactor is very beneficial to the growth of the nanowires
along preferred orientations. On the other hand, the reaction
temperature seems to have certain effects on the growth of
nanowires. The detailed mechanism will be further clarified
and subsequently addressed elsewhere.
In summary, a microemulsion-mediated hydrothermal

approach, which is simple, convenient and mild, has been
explored to synthesize ZnO nanowires. A directed aggregation
growth process mediated by the reverse micelle droplets is
proposed to be responsible for the formation of ZnO nano-
wires under hydrothermal conditions. It is expected that other
oxide nanowires can be made by the same method. Further
research in our laboratory is under progress.

Experimental

The nanowire preparation was carried out by using a quater-
nary microemulsion consisting of 1 g cetyltrimethylammonium
bromide (CTAB, AR), 1.2 mL Zn(OH)4

2� solution formed by
adjusting the pH value of zinc acetate solution with NaOH to
14, 3 mL n-hexanol and 10.2 mL n-heptane, as the reaction
media. After constant stirring, the microemulsion was trans-
ferred into a 25 mL teflon-lined autoclave and heated at 140 �C
for 13 h. The white precipitate that formed was collected and
washed several times with absolute ethanol and distilled water.
Finally, the ZnO nanowires were obtained by centrifugation
and drying in vacuum at 60–70 �C. The yield of the ZnO
nanowires prepared by this method is about 21%.
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Fig. 4 Photoluminescence spectrum of the ZnO nanowires at room
temperature.

Fig. 3 TEM image of a single ZnO nanowire (inset is the SAED
pattern).
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