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We report the synthesis of transition-metal (Co2þ)-doped
ZnO nanowire arrays embedded in anodic alumina membrane
(AAM) by a sol precipitation method. The direct synthetic
method ensures the successful doping of cobalt in the ZnO nano-
crystals and exhibiting bivalent state.

Doping of transition metal into semiconductor materials to
obtain ferromagnetism, which is called dilute magnetic semicon-
ductors (DMSs), has attracted intensive interests in the spintron-
ics research fields.1,2 Since the physicists predicted that transi-
tion-metal-doped ZnO should be favorable candidate for room-
temperature ferromagnetism,3 many reports on the room-tem-
perature ferromagnetism of doped ZnO have been published.4–6

Recently, the ferromagnetism was presented by Gamelin group
using a direct synthetic method in which doped ZnO colloids
were used as precursors for spin coating films.7,8 This result also
shows that the direct chemical synthesis based on soft chemical
strategy is an effective method for doping of nanocrystals.

In the past few years, the AAM-based synthesis method has
been proved to be an effective route for fabricating one-dimen-
sional nanostructured metals and semiconductors.9,10 Fabrica-
tion of various oxide nanowire/nanotube arrays in AAM via a
sol–gel method has been reported recently.11,12 In this letter,
we reported on the fabrication of Co2þ-doped ZnO nanowire ar-
rays by precipitation of nanocrystals in AAM in the sol solution
for the first time. Because many doped colloidal oxide nanocrys-
tals such as TiO2, SnO2 can be synthesized from the direct syn-
thetic method,13,14 we believe that the method presented in this
letter can be extended to fabricate many other oxide nanostruc-
tures for applications of spintronics devices. The synthesis route
also allows for the doping of different transition metal (Mn, Ni,
Fe), but this report is limited to the cobalt-doped ZnO nanowires.

The fabrication of the sample includes two steps: synthesis
of doped colloidal ZnO nanocrystals and subsequent precipita-
tion of these nanocrystals in AAM template. In a typical fabrica-
tion, 0.06 g of LiOH.H2O and 0.22 g of Zn(OAc)2.2H2O were
dissolved in 30 and 70mL of ethanol respectively, and then
the lithium hydroxide was added by dropwise into the zinc
acetate solution under constant stirring. Transition metal was
introduced by addition of desired amount of Co(OAc)2.4H2O
to the Zn(OAc)2.2H2O precursor solution. Nanocrystals were
precipitated by addition of heptane, washed with ethyl acetate,
and resuspended in ethanol. The AAM with pore size of 60–
80 nm, prepared using a two-step anodic anodization process as
previously reported,15 was inserted in the colloidal solution. The
solution was placed in a dry oven at 80 �C for several hours.
The sample was washed with deionized water and dried before
characterisation. The absorption spectrum of the colloidal nano-
crystals was collected using a Cary 5E. The fabricated nanowire

arrays were characterized by means of X-ray powder diffractom-
eter (Philips X’Pert Pro), field emission scanning electron
microscopy (FE-SEM, FEI, Sirion 200), transmission electron
microscopy (TEM, JEOL JEM-210CX). The composition was
determined by energy dispersive X-ray spectroscopy (EDX, Inca
Oxford, attached to the FE-SEM). The X-ray photoelectron
spectrum (XPS) was collected on an ESCALAB MK X-ray pho-
toelectron spectrometer.

As shown in Figure 1a, a significant blue shift of the band-
edge absorption with respect to the bulk material (373 nm) was
observed. This blue shift can be ascribed to the quantum-con-
fined size effect. The size of these nanocrystals was estimated
about 7 nm from the spectrum.16 Figure 1b shows the XRD
pattern of the sample. The peaks can be indexed to the wurtzite
ZnO according to the standard JCPDS (No. 36-1451). Besides
the peaks of ZnO, no other peak was detected, which indicates
the successful doping of Co2þ into ZnO structures without
segregation of cobalt compounds.

The broadening of the ZnO peaks can be ascribed to the
reduced grain size of the nanocrystals. The broad peak at the
small angle comes from the amorphous phase of AAM.

Figure 2 shows the FE-SEM image of the obtained nanowire
arrays. Before observation, the sample was etched in a 0.5M
NaOH solution. It can be observed that a large bundle of nano-
wires is roughly parallel to each other, and the diameters of these
nanowires are about 60–80 nm, corresponding to the pore size of
the AAM template. The length of the nanowires can extend to
several micrometers, which depends on the AAM synthesis con-
ditions. The nanowires are formed through high-dense stacking
of small ZnO nanocrystals. The particles cleaveing to the nano-
wire surface are the ZnO particles aggregated in the colloidal
solution and which can be removed easily by ultrasonic agitation
(see TEM image of Figure 3a).

Figure 3a shows the TEM image of a single nanowire. The
AAM was completely removed by etching of the sample in the
0.5M NaOH solution and the nanowire arrays were dispersed
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Figure 1. (a) Absorption spectrum of the as-prepared doped
colloidal ZnO nanocrystals, (b) XRD pattern of the doped ZnO
nanowire arrays in AAM.
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in ethanol by ultrasonic. It can be seen that the nanowire is con-
stituted from a large amount of small spherical nanoparticles.
The diameter of the nanowire is 60 nm. The nanowire has
smooth surface, which indicates the nanowire was formed by
compact stacking of the small ZnO nanocrystals. Its SAED pat-
tern (Figure 3b) shows the polycrystalline character of the doped
ZnO nanowires without other second phase.

The composition of the doped ZnO nanowires, determined
by energy dispersive X-ray spectroscopy, was shown in
Figure 4a. The peak at 0.53 keV can be ascribed to oxygen and
the peaks at 1.01, 8.63, 9.58 keV can be ascribed to zinc. The
signal at 6.94 keV can be assigned to cobalt. Figure 4b shows
the X-ray photoelectron spectrum of the cobalt 2p. The 2p3=2
peak at 780.1 eV and the 2p1=2 peak at 795.2 eV can be assigned

to Co2þ coordinated to oxygen atoms.17,18 This result indicates
that this low-temperature method can avoid the emergence of
second phase of Co or Co2O3.

19 The concentrations from the
EDX and XPS are about 0.7 and 0.9 atom%, respectively, for
the nominal 2 atom% doping sample. This result shows that only
part of cobalt was doped into the ZnO structures and the other
was washed during the synthetic process.

In summary, we have fabricated Co2þ-doped ZnO nanowire
arrays by precipitation of doped colloidal nanocrystals in the
AAM channels. This method is expected for fabrication of other
doped oxide semiconductor nanostructures via a simple route,
which has a significant importance in the spintronics research
fields.
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Figure 2. FE-SEM image of the doped ZnO nanowire arrays.
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Figure 3. (a) TEM image of a single nanowire, (b) Its corre-
sponding selected area electron diffraction (SAED) pattern.
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Figure 4. (a) Energy dispersive X-ray spectroscopy (EDX) of
the Co2þ-doped ZnO nanowire arrays, (b) XPS spectrum of
the Co 2p.
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