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A convenient sonochemical route was developed to fabricate one-dimensional (1D) CdS or CdSe
assemblies via a simple template method with two-steps: Firstly, the colloid one dimensional cad-
mium hydroxide particles were prepared as templates under sonication; then, the colloid particles
were converted into 1D CdS or CdSe assemblies via a replacement reaction after the surface nucle-
ation and crystal growth processes. The as-prepared CdS and CdSe nanowires were characterized
by XRD, TEM, XPS, and UV-visible Spectroscopy. The effects of the ultrasonic irradiation were dis-
cussed. It is believed that the ultrasound irradiation played a positive role in both the assembly of
the colloid cadmium hydroxide particles into the 1D structure and the growth of CdSe and CdS
nanowires. The effects of pH on the morphologies of the cadmium hydroxide template were also
discussed. The band gaps of the as-prepared 1D CdSe and CdS assemblies were calculated to be
3.1 eV and 4.9 eV, respectively, indicating the quantum size effect. The as-prepared products might
have potential applications in nanodevices in future.
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One-dimensional (1D) nanostructured materials have
attracted much attention due to the unique optical, electri-
cal properties, and potential applications in both the meso-
scopic research and the development of nanodevices.1–7

Many experimental approaches have been reported to fab-
ricate 1D structural materials by using a variety of nano-
fabrication techniques and crystal growth methods,
especially via the template method. Among the 1D nano-
structured materials, the ordered assemblies of quantum
dots have quite different properties from the crystalline
materials and, therefore, they might have wide application
in nanodevices in future. Several methods have been
reported to fabricate 1D nanocrystals assemblies such as
oriented-attachment method,8–9 self-assembly method,10–11

or block copolymer template method.12–15 However, the
controlled arrangement of 1D nanomaterials from quantum
dots in solution remains a more difficult area, mainly due
to their unstable structure. Therefore, it is very important
to establish a convenient and efficient method to fabricate
1D nanomaterials with stable structures.

In recent years, sonochemical method has proved to be
efficient to prepare shape-controlled and phase-controlled
nanoparticles.16–18 On account of the enhanced surface
effects of the shockwaves generated from ultrasound, a
two-steps sonochemical route was developed to assemble
one-dimensional CdS or CdSe via a simple template
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method: Firstly, the colloid 1D cadmium hydroxide
particles were prepared as templates; then, the colloid par-
ticles could be converted into 1D CdS or CdSe nanowires
via a replacement reaction after the surface nucleation and
crystal growth processes.

In a typical procedure, 0.5 g of CdCl2 and different
amounts of sodium hydroxide were dissolved in 50 ml
distilled water. Then the mixture and appropriate amount
of distilled water were added into a 150 ml round-bottom
flask till the total volume was 100 ml. After that, the
solution was exposed to high-intensity ultrasonic irradia-
tion under ambient air for 30 min. Ultrasonic irradiation
was accomplished with a high-intensity ultrasonic probe
(Xinzhi Co., China; 1.2 cm-diameter; Ti-horn, 20 kHz,
45 W/cm2) was directly immersed in the reaction solution.
When the reaction finished, a white colloid solution was
obtained. With different concentration of sodium hydrox-
ide and ultrasound intensity, the products could look like
rods, tube-like, and whiskers.

The rod-like cadmium hydroxide particles could serve
as the templates for the preparation of CdSe and CdS
assemblies. 0.2 M Na2SeSO3 solution was prepared by
stirring 2.4 g of Se fine powder and 9.5 g Na2SO3 in
150 ml water at 70 �C for 24 hours. 5 ml of ammonia and
10 ml of 0.2 M Na2SeSO3 (or 0.2 g thiourea) were added
into the cadmium hydroxide colloid solution in sequence
and sonication was carried out continuously for 20 min.
When the reaction finished, red (or yellow) precipitates
were obtained.
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Fig. 1. Powder XRD patterns of as-prepared nanoparticles (a) Cd(OH)2;
(b) CdSe; and (c) CdS.

Figure 1 is the X-ray diffraction patterns for the prod-
ucts. The diffraction peaks in pattern (a) is typical of
pure �-Cd(OH)2 (JCPDS No. 40-0760); pattern (b) indi-
cates that the CdSe particles are crystallized in the cubic
phases (JCPDS No.19-191) and pattern (c) corresponds to
the cubic phase of CdS (JCPDS No.75-0581). According
to the Debye-Scherrer equation, the average sizes of the
Cd(OH)2, CdSe, and CdS particles were estimated to be
25 nm, 7 nm, and 4 nm, respectively.19

The XPS measurements give further evidence for the
composition and purity of the products. All the peaks were
calibrated by using C1s (284.6 eV) as the reference. The
two peaks located at 405 eV and 412 eV can be indexed to
Cd(3d). The binding energy of 55 eV, 162 eV corresponds
to Se(3d) and S(2p), respectively. The ratio of Cd to Se
is approximately 5.5:4.5, which indicates that the sample
of CdSe assembly was rich in cadmium in the surface.
The XPS results also show that the ratio of the Cd to S is
approximately 1:1.

Figure 2 is the TEM images of the one-dimensional
�-Cd(OH)2 particles. The precursors, 10–20 nm Cd(OH)2

sheet-like particles with irregular shapes, were assembled

Fig. 2. TEM images of 1D Cd(OH)2 assemblies. (a) Nanorods prepared
in low concentration of sodium hydroxide. (b) Nanowhiskers prepared in
a high ultrasound intensity. (c) Tube-like prepared in high concentration
of sodium hydroxide.
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Fig. 3. TEM images of 1D cadmium chalcogenide assemblies prepared
in low concentration of sodium hydroxide (a, b) CdS nanofibers, (c) CdSe
nanorods.

to exhibit different shapes from the rods to tube-like struc-
tures with the increase of sodium hydroxide concentration.
With higher ultrasound intensity, the assemblies would
be whiskers. As shown in Figure 3, uniform CdSe and
CdS nanowires were obtained with the rod-like cadmium
hydroxide particles serving as the templates. The nano-
wires were composed of well-ordered nanoparticles and
hollow structures could be observed inside the nanowires.

The UV-Visible absorbance spectra of the as-prepared
1D CdS and CdSe assemblies were also investigated in
Figure 4. The correlative optical band-gaps were calculated
according to the following equation for a direct transition:

����= A�h�/2−Eg�1/2 (1)

Where A is a constant, � is the absorption coefficient.20

The CdSe assemblies had the absorbance peak at 350 nm.
Its direct band-gap was calculated to be 3.1 eV, which
was much higher than the reported value for bulk CdSe
(Eg = 1�7 eV), indicating the quantum size effect of the
products. The direct band-gap of the CdS assemblies was
calculated to be 4.9 eV, which also indicated the quantum
size effect.

The effects of the ultrasonic irradiation were also
discussed. In such a process, the ultrasound irradiation
induces both the assembly of one-dimensional structures
from the metal hydroxide particles and the growth of
the cadmium chalcogenide nanowires. According to the
literature,16�21 a large number of dangling bonds and
defects would appear during the course of the preparation
of nanoparticles by ultrasonic irradiation. These bonds
would promote the connection between the particles of the
metal hydroxide sheets and further made them roll into
tubes or rod-like structures. Gedanken’s group prepared
tubular titania assembly with this mechanism.16 If the
metal hydroxide particles were exposed to high-intensity
ultrasonic irradiation, the dangling Cd–O–Cd bonds on the
edges of the sheet-like particles would induce the connec-
tions among them to form layer-like structures and contin-
uously roll into rods or tubes like the observed structure as
shown in TEM images. As shown in Figure 5, 1D struc-
ture of CdS and CdSe could not be obtained without son-
ication. Further experiments also indicated the effects of
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Fig. 4. The UV-Vis absorbance spectra and the calculated bandgap of
the products (in EtOH suspension) prepared using 20 W/cm2 sonic inten-
sity and the plots of (�Ephot)

2 versus Ephot for a direct transition (a, b)
CdSe; (c, d) CdS.

Fig. 5. TEM images of the prepared products without sonication
(a) CdS and (b) CdSe.

the pH on the morphologies of the cadmium hydroxide
template. Under lower concentration of sodium hydrox-
ide, rods would be the dominant products; under higher
concentration of sodium hydroxide, the products tended to
have tube-like structures. It was supposed that the OH−

could be adsorbed on the surface of the hydroxide particles
and might combine with the dangling bands to influence
the combination among the particles. On the other hand,
although the ultrasound wave can help generate dangling
bands, the stronger shock waves also can disassembly of
the particles as observed in the TEM images, in which the
products are amorphous whiskers.

The as-prepared rod-like metal hydroxide could serve
as the templates for the preparation of cadmium chalco-
genide. During the sonochemical process in aqueous solu-
tion, the elevated temperatures and pressures inside the
collapsing bubbles caused water to vaporize and further
pyrolyze into H· and OH· radicals,22�23 which would react
with sodium selenosulfate and thiourea to release Se2− and
S2−; at the same time, there would be a large number of
the dangling bonds on the surface of the rod-like structural
particles under sonication, which provided some active
spots for the formation of cadmium chalcogenide nuclei.
Due to the stable and symmetrical shock wave impact, the
dangling bonds would be well generated and dispersed on
the colloid surface, which led to the formation of ordered
nuclei. These newborn nuclei would grow into larger par-
ticles and consume the inner cadmium hydroxide continu-
ously until the replacement reaction finished. Finally, 1D
CdS and CdSe assemblies were obtained.

In summary, an efficient sonochemical method has been
successfully developed for the fabrication of 1D CdS and
CdSe assembly composed of the small CdS and CdSe
nanoparticles. This method might be available in the fab-
rication of other 1D assemblies.
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