
ZnxCd1–xS nanorods were hydrothermally synthesized by a
template reaction of CdS nanorods with ZnCl2·H2O and
thiourea at 180 °C.  Through changing the molar ratio of Zn to
Cd in the reactants, ZnxCd1–xS nanorods (0<x<0.55) were
obtained. XRD, ICP-AES, TEM and UV–vis were used to char-
acterize the samples.

ZnxCd1–xS, which has considerable technological interest
due to its semiconducting, optical and mechanical properties, is a
promising material for optoelectronic applications in the blue and
UV spectral region and for energy transferring application in
solar cell device.1–4 Over the past years, much attention has been
paid to ZnxCd1–xS films and extensive researches about synthesis
and applications have been carried out. ZnxCd1–xS films can be
prepared by the solution growth technique,5 spray pyrolysis,6

electrodeposition,7 successive ionic layer adsorption and reaction
process8 and chemosorption,9 vacuum evaporation,10 sputter-
ing,11 MOVPE,12 MBE13 and solid-state diffusion from vapor
phase.14 Recently, nanocrystalline ZnxCd1–xS was also paid
attention, and the studies of synthesis, photophysical properties
and potential application were carried out.15–18

In this paper, ZnxCd1–xS nanorods were hydrothermally
synthesized through a template reaction of CdS nanorods with
ZnCl2·H2O and thiourea at 180 °C.  The CdS nanorods were
prepared using a mild one-step solvothermal route reported by
our laboratory.19 Through changing the molar ratio of Zn to Cd
in the reactants, ZnxCd1–xS nanorods (0<x<0.55) were obtained. 

A typical procedure is as follows.  All of the used reagents
are analytical pure.  Different molar ratios of ZnCl2·H2O to CdS
with appropriate amount of thiourea were put in Teflon-lined
stainless steel autoclaves.  Then they were filled with distilled
water up to 90% of the capacity (50 mL).  The autoclaves were
maintained at 180 °C for 10 h, and then were cooled to room
temperature naturally.  The precipitates were filtered, washed
with distilled water and ethanol successively.  The final yellow
products were dried in a vacuum at 80 °C for 2 h.

All the products were characterized by X-ray powder dif-
fraction patterns (XRD)20 and inductively coupled plasma-atomic
emission spectra (ICP-AES)21.  The molar ratio of Zn to Cd in
the reactants and the results were listed in Table 1.  The results of
ICP indicated that the value of x in the products increased slower
than the increasing of the molar ratio of Zn to Cd in the reactants.
The value of x was only 0.52 when Zn was three times more than
Cd in the reactants, which indicated that Zn2+ ions did not fully
react to form ZnxCd1–xS.  Figure 1 shows the XRD patterns of
Zn0.28Cd0.72S and Zn0.52Cd0.48S.  All peaks in Figures 1a and 1b
can be indexed to hexagonal phase, which indicates that no cubic
ZnxCd1–xS or ZnS was formed when the molar ratio range of Zn
to Cd in the reactants was 1–3.  But when the Zn/Cd molar ratio
in the reactants was 6 : 1, cubic ZnS was produced besides

hexagonal ZnxCd1–xS.  Due to broadening of the peaks, the lat-
tice parameters of ZnxCd1–xS could not be accurately calculat-
ed.  But it is obvious that the peaks shifted to high degrees with
the increasing of x, which indicated the decreasing of the lattice
parameters.22

Figure 2 shows TEM23 images of Zn0.28Cd0.72S and
Zn0.52Cd0.48S, both of them are composed of nanorods.  EDX
analysis of the nanorods gave similar values of ICP.  The diam-
eter of the two kinds of nanorods are similar (20–50 nm), but
their lengths differs greatly, the average length of the nanorods
of Zn0.28Cd0.72S is about 800 nm, and that for Zn0.52Cd0.48S is
about 300 nm.  The morphology of the nanorods in Figure 1a is
much better than that in Figure 1b.  These differences may be
due to bad crystallization of ZnxCd1–xS when x>0.5.13
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Figure 3 shows the UV–vis absorption spectra of
ZnxCd1–xS with different x.  It can be found that the onset of
absorption is shifted toward shorter wavelength with increasing
Zn : Cd ratio.  Compared with the bulk ZnxCd1–xS (x = 0.25,
2.64 eV; x = 0.5, 2.88 eV),21 the energy band gap of the so-pre-
pared ZnxCd1–xS was 3.8–3.9 eV, which is larger than that of
bulk ZnxCd1–xS due to the quantum size effect.15,24

In this reaction, the morphology of ZnxCd1–xS products is
almost the same as that of the rod-like CdS precursor.  And it is
found that if CdS is not nanorods but irregular nanoparticles,
the obtained ZnxCd1–xS has irregular morphology.  It is
believed that CdS nanorods acted as a template in the process,
and ZnxCd1–xS nanorods were formed through an ionic
exchange and absorption process.  Figure 2 shows that the rod-
like Zn0.52Cd0.48S is collapsed to some extent compared with
the Zn0.28Cd0.72S nanorods.  The decreasing of crystal quality
when Zn content is high (x>0.4) is due to the increased mis-
match of ZnS to CdS lattice, which is consistent with previous
report.13 The experiments showed that only hexagonal
ZnxCd1–xS was formed when the Zn/Cd molar ratio was not too
large, which indicated that ZnS was not easy to form under the
experimental conditions though there existed a competition in
the formation of ZnxCd1–xS and ZnS.

In summary, through changing the molar ratio of Zn to Cd
in the reactants, ZnxCd1–xS (0<x<0.55) nanorods were
hydrothermally prepared by the template reaction of CdS
nanorods with ZnCl2·H2O and thiourea at 180 °C.
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