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A rapid synthesis route for the preparation of CdS nanoribbons
by microwave irradiation
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Abstract

A rapid synthesis route for the preparation of CdS nanoribbons has been developed. CdS nanoribbons of about 4 nm in
diameter have been prepared by the microwave irradiation of an ethylenediamine (en) solution of 1-pyrrlidine dithio carboxylic
acid ammonium salt (APDTC) and cadmium chloride under ambient air. The nanoribbons are characterized by high resolution
transmission electron microscopy (HRTEM), powder X-ray diffraction (XRD), energy-dispersive X-ray analysis, absorption
spectroscopy, diffuse reflection spectroscopy, and PL spectroscopy. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

In the past few years, one-dimensional (1-D) nanos-
tructural materials have attracted much attention due to
their unusual properties and potential uses in both
mesoscopic research and the development of nan-
odevices [1–6]. Many experimental approaches to fabri-
cate nanowires or nanoribbons have been reported,
using a variety of nanofabrication techniques and crystal
growth methods. However, in this field, it is still a
challenge to establish a mild and efficient method to
fabricate 1-D nanostructural materials in only one step.

During the past decade, a considerable effort has been
spent in the preparation and investigation of the family
of II–VI nanoscale semiconductors due to their funda-
mental electronic and optical properties. Various meth-
ods for the production of II–VI nanocrystals with
narrow size distributions have been reported [7–12]. CdS
is one of the most important II–VI semiconductors, with
applications in solar cells, optoelectronics and electronic
devices. The quantum size effect of CdS nanoparticles
occurs when the crystallite diameter is comparable to or
below 5–6 nm, the size of the exciton [13].

Microwaves are electromagnetic waves containing
electric and magnetic field components. Claimed effects
of microwave irradiation include thermal effects and
non-thermal effects [14]. The microwave synthesis,
which is generally quite fast, simple and efficient in
energy, has been developed and is widely used in vari-
ous fields of chemistry [14]. Microwave irradiation has
shown very rapid growth in its application to material
science due to its unique reaction effects such as rapid
volumetric heating and the consequent dramatic in-
crease in reaction rates, etc. The applications of mi-
crowave irradiation in the preparation of nanosized
materials have been reported in recent years. Komar-
neni’s group has developed a microwave-hydrothermal
method to fabricate various inorganic materials whose
sizes are in the micrometer or nanometer domain [15–
18]. Gedanken et al. reported the preparation of some
selenides and tellurides nanoparticles by microwave-as-
sisted heating method under ambient air [19–22]. Our
group has also successfully synthesized a series of nano-
sized sulfide and oxide semiconductors via soft chemical
route by microwave irradiation in the last year [23–27].

Herein, we report the preparation of CdS nanorib-
bons with ca.4 nm in diameter via a microwave heating
route from an ethylenediamine solution containing 1-
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pyrrlidine dithio carboxylic acid ammonium salt
(APDTC) and CdCl2. The as-prepared CdS nanorib-
bons are characterized by powder X-ray diffraction
(XRD), energy-dispersive X-ray analysis (EDAX), UV-
Visible spectroscopy, reflection spectroscopy, high reso-
lution transmission electron microscopy (HRTEM) and
PL spectrum. It is found to be a fast, convenient, mild,
energy efficient and environmentally friendly route to
produce CdS nanoribbons in only one step.

2. Experimental section

The starting materials for the preparation of CdS
powders were CdCl2 · 2.5H2O (Tianjing Chemical
Reagent Factory, China) and ethylenediamine (Tianjin
Third Reagent Factory, China). The absolute ethanol
and 1-pyrrlidine dithio carboxylic acid ammonium salt
(APDTC) were purchased from Nanjing Chemical
Reagent Factory (China). All the reagents were of
analytical purity and used as received. Doubly distilled
water was used throughout the experiments.

In a typical procedure, 0.28 g CdCl2 · 2.5H2O and 0.4
g APDTC were added into 25 ml ethylenediamine. The
mixture solution was placed in the microwave reflux
system and the reaction was performed under ambient
air for 10 min. A microwave oven of 650 W power with
a refluxing system (Sanle General Electric Corp., Nan-
jing, China) was used in this experiment. The mi-
crowave oven followed a working cycle of 6 s on and 24
s off (20% power). Then a great amount of yellow
precipitate occurred. After cooled to room temperature,
the precipitates were centrifuged, washed with distilled
water and absolute ethanol, and dried in the air. The
final products were collected for characterizations.

The X-ray powder diffraction (XRD) patterns were
recorded on Shimadzu XD-3A X-ray diffractometer
(Cu K� radiation, �=0.15418 nm). Transmission elec-
tron micrographs (TEM) and high resolution transmis-
sion electron micrographs (HRTEM) were obtained by
employing JEOL JEM-4000EX high-resolution trans-
mission electron microscope, using an accelerating
voltage of 400 kV. EDAX measurements were per-
formed on the PV9100 instrument. Shimadzu UV-3100
photospectrometer was used to record the UV–visible
absorption spectrum of the as-prepared particles. Pho-
toluminnumce spectrum was carried out on a RF-540
spectrophotometer (Japan, Shimadzu). Diffuse reflec-
tion spectrum was recorded on a Shimadzu UV–visible
240 spectrophotometer.

3. Result and discussion

The powder XRD pattern of the as-prepared CdS
nanoribbons is shown in Fig. 1. All the reflections, to
within experimental error, fit that of bulk hexagonal
CdS (JCPDS, File No. 41-1049, CdS). The (002) dif-
fraction peak, the second strongest peak in bulk hexag-
onal CdS, is unusually narrow and strong, indicating a
preferential growth along the c axis in the product [28].
Using the Debye–Scherrer formula on the peaks (100)
(110) and (200), the average crystalline size was calcu-
lated to be 4 nm.

The product was characterized by EDAX analysis
(EDAX) for the evaluation of its composition and
purity. The EDAX pattern for the CdS powder (Fig. 2)
shows the presence of Cd and S peaks. The average
atomic ratio of Cd:S was 47:53, which, shows that the
surface of the sample is slightly rich in sulfur.

The morphology of CdS nanoparticles was studied
by high resolution transmission electron microscope.
Typical TEM and HRTEM images of the as-prepared
sample are shown in Fig. 3(a and b), which reveals that
the sample consists of nanoribbons with the diameter of
ca. 4 nm.

The UV–visible absorption spectrum (Fig. 4) of CdS
nanoparticles dispersed in ethanol solution shows a

Fig. 1. X-ray diffraction pattern of as-prepared CdS nanoribbons.

Fig. 2. The EDAX pattern of as-prepared CdS.
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Fig. 3. Transmission electron microscope (a) and high resolution of
the as-prepared CdS nanoribbons (b).

estimated to be ca. 4 nm [28–30], which is in good
agreement with the TEM results. A second peak at ca.
385 nm was also observed in the curve. Such an obser-
vation is sometimes taken to suggest a better sample of
quantum effect [13]. The presence of well-defined CdS
nanoribbons material is confirmed by the TEM images.
The bulk band gap for hexagonal CdS is 515 nm. The
clear appearance of a blue shift of the absorption peak
relative to bulk CdS indicates that the CdS nanorib-
bons are quantum-confined.

The importance of crystal size in the quantum dot
size regime is expressed in the variation of the semicon-
ductor energy level structure, and, therefore, optoelec-
tronic properties, with crystal size. Of these, optical
transmission (absorption) spectra are often the most
commonly and simply measured. Since our product was
powder, the diffuse reflection spectroscopy was em-
ployed as a characterization tool. We have measured
the optical reflection spectrum of CdS powder in order
to resolve the excitonic or interband (valence-conduc-
tion band) transitions of CdS, which allows us to
calculate the bandgap. Fig. 5 depicts the optical reflec-
tion spectrum of the CdS powders. The bandgap of
as-prepared CdS nanoribbons is calculated as ca. 2.70
eV, which is larger than that of the reported value for
bulk CdS (ca. 2.42 eV). The increase in the magnitude
of the bandgap may be indicative of size quantization.

Fig. 6 shows the PL spectrum of an ethanol solution
containing CdS nanoparticles. A stronger and broader
emission band is observed at ca. 480 nm using a 300 nm
excitation wavelength. A similar emission peak at 505
nm was observed for 5–6 nm size CdS particles [31].
The blue shift and the broader peak are also indicative
of size quantization.

We propose the formation of CdS as the result of the
following steps:

Fig. 4. Absorption spectroscopy of as prepared CdS nanoparticles.

Fig. 5. Reflection spectroscopy of as prepared CdS nanoparticles.

blue shift in the absorption edge to ca. 460 nm, which
is assigned to the optical transition of the first excitonic
state [28]. The average diameter of the ribbons was
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Fig. 6. The photoluminescence spectrum of an ethanol solution
containing CdS nanoparticles. The excitation wavelength is 300 nm.

tant role in the formation of CdS nanoribbons. When
other solvent such as water or ethanol was utilized to
replace ethylenediamine, CdS nanoribbons cannot be
obtained. These results showed that ethylenediamine
probably served as a director for the preferential 1-D
growth of the CdS nanoribbons.

4. Conclusion

In summary, CdS nanoribbons have been prepared
by the microwave irradiation in the ethylenediamine
solution containing CdCl2 and APDTC. The advan-
tages of this process are that it is a simple and efficient
to produce CdS nanoribbons with small size. Further
research may extend this process to the preparation of
some other 1-D nanostructural sulfide semiconductors.
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