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A microwave assisted heating method for the preparation of
copper sulfide nanorods
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Abstract

Copper sulfide nanorods have been prepared by microwave irradiation of 1% (w/v) sodium dodecyl sulfate aqueous

solution of copper nitrate and thioacetamide. Powder X-ray diffraction pattern indicated that the product was pure

hexagonal phase copper sulfide. The product was also characterized by the techniques of transmission electron

microscopy and X-ray photoelectron diffraction.

r 2003 Elsevier Science B.V. All rights reserved.

PACS: 61.82.Rx; 61.82.Fk; 81.05.Ys; 81.10.Dn

Keywords: A1. Nanostructures; B1. Nanomaterials; B1. Sulfides; B2. Semiconducting materials

1. Introduction

One-dimensional (1D) nanostructured materials
have been the focus of recent scientific research
due to their unusual properties and potential uses
in both mesoscopic research and the development
of nanodevices [1–6]. Especially, the synthesis of
semiconductor nanorods or nanofibers and the
investigation of their properties evoke consider-
able interest [1–3,7–14]. Finding some novel routes
of control over both nanocrystalline morphology
and the size is a challenge to synthetic chemists

and materials scientists [14]. Soft solution proces-
sing has been proved to be a convenient, econom-
ical, less energy and materials consuming, and
environmentally friendly way to produce shaped/
sized/oriented advanced materials in only one step
[15,16].

Copper sulfides are interesting due to their
ability to form various stoichiometries. Their
complex structure and valence state result in some
unique properties [17–22]. Green copper sulfide
(covellite) is of special interest because it shows a
metal-like electrical conductivity [23]. Copper
sulfide thin films have been found to possess near
solar control characteristics: Transmittance in the
infrared region, low reflectance (o10%) in the
visible region so as to avoid glare and relatively
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high reflectance (>15%) in the near infrared
region. These films have been used in air-glass
tubular collectors as absorber coating, in photo-
detectors and photovoltaic applications. Chemical
deposition of copper sulfide from uncomplex and
complex alkaline and acidic media has been
investigated [7]. Many techniques have been
employed to prepare copper sulfides. But those
techniques need longer reaction time, higher
temperature, and higher pressure. Most of pro-
ducts of copper sulfide involved particles and thin
films and the preparation of needle shape copper
sulfide was only reported by the sonochemical
method [24].

Microwaves are electromagnetic waves contain-
ing electric and magnetic field components. The
electric field applies a force on charged particles as
a result of which the charged particles start to
migrate or rotate. Due to the movement of
charged particles further polarization of polar
particles takes place. The concerted forces applied
by the electric and magnetic components of
microwaves rapidly change in direction, which
creates friction and collisions of the molecules.
Claimed effects of microwave irradiation include
thermal effects and non-thermal effects [25].
Microwave irradiation as a heating method, which
is generally quite fast, simple and efficient in
energy, has been developed and widely used in the
fields such as molecular sieve preparation [26,27],
radiopharmaceuticals [28,29], preparing inorganic
complexes and oxide [30–32], organic reactions
[33–35], plasma chemistry [36], analytical chemis-
try [37], catalysis [38] and, recently, in the prepara-
tion of nanocrystalline particles [39–44]. Micro-
wave irradiation has shown very rapid growth in
its application to materials science due to its
unique reaction effects such as rapid volumetric
heating and the consequent dramatic increase in
reaction rates, etc. A variety of articles have also
exhibited how rapid heating rate can be harnessed
to produce binary and tertiary solid-state com-
pound [31,45]. Compared with conventional meth-
ods, microwave synthesis has the advantages of
short reaction time, small particle size, narrow
particle size distribution and high purity.

Herein, we report a novel route for the
preparation of copper sulfide nanorods via the

microwave-induced heating in aqueous solution
under ambient air. The as-prepared copper sulfide
is composed of uniform and regular rods with
diameters ranging from 5 to 10 nm and lengths
30–50 nm. The product has good crystallinity,
uniform morphology, and high purity. It is proved
to be a convenient, efficient and environmentally
friendly one step route to produce copper sulfide
nanorods.

2. Experimental procedure

All the reagents used were of analytical purity.
In a typical procedure, 0.005mol analytical-grade
Cu(NO3)2 � 3H2O was dissolved in 100ml 1.5%
(w/v) sodium dodecyl sulfate (SDS) aqueous
solution. Then, 0.01mol thioacetamide (TAA)
was added into the solution, primrose yellow
precipitation was observed, which may be a
precursor containing Cu–SDS–TAA composition.
Finally, a flask of 250ml was filled with the
mixture solution. The reaction was carried out in a
microwave refluxing system for 20min with power
20% (the means of 20% power is that microwave
operates in 30 s cycle, on for 6 s, off for 24 s. The
total power is still 650W). After cooling to room
temperature, the precipitate was centrifuged,
washed with distilled water a few times. Then it
was dried in air. The final dark products were
collected for characterization.

Powder X-ray diffraction (XRD) was used to
characterize the sample. Data were collected on a
Shimadzu XD-3A X-ray diffractometer (Cu Ka
radiation, l ¼ 0:15418 nm). Further evidence for
the purity of Cu9S8 was obtained by the X-ray
photoelectron spectra (XPS) of the product. The
morphology and size were determined by trans-
mission electron microscopy (TEM). The TEM
images were recorded on a JEOL-JEM 200CX
transmission electron microscope, using an accel-
erating voltage of 200 kV. The samples used for
TEM observations were prepared by dispersing
some products in ethanol followed by ultrasonic
vibration for 30min, then placing a drop of the
dispersion onto a copper grid coated with a layer
of amorphous carbon.
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3. Results and discussion

The XRD pattern of a typical sample as
prepared is shown in Fig. 1. The pattern indicates
that the as-prepared product is crystalline. All
peaks in the pattern correspond to the reflections
of hexagonal phase Cu9S8 (JCPDS File No. 36-
379).

Fig. 2 shows the TEM images of as-prepared
nanocrystalline copper sulfide. These images reveal
that the morphology of the as-produced particles
was rod-like shape, which is similar to those of
powders prepared sonochemically [24]. The pro-
ducts consisted of uniform rods with a diameter of
5–10 nm and a length of 30–60 nm. Table 1
indicates the relation of the size of the rod, the
concentration of copper ions and concentration of
SDS.

The XPS measurements give further evidence
for the purity of the product. The two peaks
located at 932.5 and 952.4 eV are assigned to
Cu(2p) binding energy and the peaks at 162.2 and
163.3 eV corresponds to S(2p). The ratio of the Cu
and S is approximately 6:4, which shows the
surface of the sample is rich in copper. The result is
shown in Fig. 3.

The effects of microwave power, reaction time
on the formation of copper sulfide nanorods were
also investigated. Microwave power and reaction
time have influenced on the formation of copper
sulfide nanorods. The experiment showed that
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Fig. 1. X-ray diffraction (XRD) patterns of the as-prepared

copper sulfide sample.

Fig. 2. Transmission electron microscope of the as-prepared copper sulfide sample.
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bumping would occur when the power was larger
than 40%. When reaction time was less than
10min the decomposition reaction was inade-
quate. The color of solution turned more and
more deeply with increasing reaction time. When
reaction time was over 15min, the color of

solution become dark, which shows the formation
of copper sulfide.

In this process, SDS was selected as a shape-
inducing agent, only in the presence of SDS, could
CuS nanorods be obtained. The concentration of
SDS was tested, the results showed that copper
sulfide nanorods were obtained only when the
concentration of SDS was in the range of
0.5�2.0% (Figs. 2a and b), but when the concen-
tration of SDS was less than 0.5% or over 2.0%,
the products were mixture containing nanoparti-
cles and nanorods. In addition, we investigated the
effect of the concentration of copper ions on the
size of the rods. When the concentration of
SDS was 1.0 g/100ml, by the increase of concen-
tration of copper ions the rods grew longer
(Figs. 2c and d).

Table 1

Products Concentration

of copper ions

(mol/l)

Concentration

of SDS

Length of the

rods (nm)

a 0.05 0.5 g/100ml 30–50

b 0.05 2.0 g/100ml 30–50

c 0.025 1.0 g/100ml 30–40

d 0.1 1.0 g/100ml 40–60

Fig. 3. XPS spectra of the as-prepared copper sulfide sample (a) Cu2p and (b) S2p.
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The proposed mechanism of microwave synth-
esis of copper sulfide nanorods may be as follows:

Cu2þ þ CH3ðCH2Þ11OSO�
3

���!
solvent

CH3ðCH2Þ11OSO3Cu

��!
TAA

CH3ðCH2Þ11OSO3Cu-TAA

�������!
decomposition

Cu9S8ðnanorodsÞ:

The microwave irradiation would be favorable
for the oriented growth of the nanorods. In the
microwave-heating environment, the fast, homo-
geneous heating results in a rapid and more
simultaneous nucleation than in conventional
heating. Moreover, because of the simultaneous
nucleation and homogeneous heating, uniformly
small particles can be synthesized.

4. Conclusions

Copper sulfide nanorods have been successfully
prepared by the microwave heating method. The
advantages of this process are that it is a simple,
fast and efficient method for the preparation of
nanocrystalline metal sulfides. We can foresee the
upscaling of the process to form large quantities of
this kind of nanomaterials.
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