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Preparation of CdS and ZnS nanoparticles using microwave
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Abstract

Ž .Nanoparticles of CdS, ZnS have been prepared by a very simple fast reaction between CdCl or Zn Ac and2 2

thioacetamide in aqueous solution using microwave irradiation. The nanoparticles were characterized by X-ray diffraction
Ž . Ž .XRD , transmission electron microscopy TEM , reflectance and photoluminescence spectra. The sizes of the sample as
prepared were calculated by Debye–Scherrer formula according to XRD spectra to be about 9 and 3 nm for CdS and ZnS,
respectively. Similar results can also been obtained in the TEM images. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

In recent years, there has been considerable inter-
est in semiconductors of nanometer dimensions due

w xto the quantum size effect that they exhibit 1–3 .
Nanocrystalline semiconductors have electronic
properties intermediate between those of molecular
entities and macrocrystalline solids and are at present

w xthe subject of intense research 4–6 . Nanometric
semconductor particles exhibit novel properties due
to the large number of surface atoms and the three-
dimension confinement of electrons. Altering the
size of the particle alters the degree of confinement
of the electrons, and affects the electronic structure
of the solid, in particular band edges, which are
tunable with particle size. Nanoparticles of semicon-
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ductors have many potential applications and demon-
stration devices; for example, light-emitting diodes
w x w x w x7 , photocatalysts 8 and electrochemical cell 9
have reported. Several methods have been used for
the preparation of various sulfides, such as gas phase
reaction with H S or sulfur vapor, solid-state reac-2

tion, sol–gel process, spray-prolysis methods, pho-
w xtolysis and sonochemical preparation 10–15 . How-

ever, for the majority of technologically important
semiconductors, such methods have some limitation
in practice especially the use of noxious gas com-
pound, e.g., H S.2

One of the main targets in modern materials
chemistry is in the preparation of nanostructured
materials. This target creates a demand for new
synthetic methods. Other requirements include opera-
tion at lower temperatures and short reaction times,
as compared with the classical ceramic synthesis. If
these requirements were not met, grain growth and
aggregation would prevent the fabrication of nano-
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dimensional products. One of these new processes is
the microwave-assisted chemical reaction method.

Microwave heating has been a known phe-
nomenon since the early 1940s and has been used
successfully in the food industry for decades. Mi-
crowave irradiation as a heating method has found a
number of applications in chemistry since 1986,

w xespecially in the work of Mingos 16 . Many suc-
cessful examples of the applications of microwave

w xheating in organic chemistry have been reported 17 ,
although its expansion to inorganic chemistry has
been much slower. Only recently has it been noticed
that metallic powders can be heated to considerably
high temperature in a microwave oven without arc-

w xing 18 . Some metal chalcogenides were prepared
w xby microwave solid-state reaction 19 . Ni and NiO

composite prepared and binary oxide nanoparticles
by using microwave irradiation were also reported
w x20,21 . The effect of heating is created by the
interaction of the dipole moment of the molecules
with the high frequency electromagnetic radiation
Ž .2.45 GHz . Water has a very high dipole moment
which makes it one of the best solvents for mi-
crowave-assisted reactions. Still there are many mi-
crowave phenomena, which are poorly understood
such as non-thermal effects and the superheating

w xeffects 16,22 .
In this paper, we report a novel method for the

preparation of semiconductor sulfide. In this method,
Ž .CdCl and Zn Ac react with thioacetamide in2 2

aqueous solution to prepare CdS and ZnS nanoparti-
cles by microwave irradiation. The nanoparticles

Ž .were characterized by X-ray diffraction XRD ,
Ž .transmission electron microscopy TEM , reflectance

as well as photoluminescence spectra. The sizes of
the sample as prepared were calculated by Debye–
Scherrer formula according to XRD spectra to be ca.
9 and ca. 3 nm for CdS and ZnS, respectively.
Similar results can also been obtained in the TEM
images.

2. Experimental section

Transmission electron microscope was performed
Ž .using a JEM-200CX Instrument Japan . The powder

XRD patterns were recorded using a XD-3A Cu Ka

˚Ž .X-ray diffractometer ls1.5418 A, Japan ; Re-

flectance spectrum was carried out on a UV-240
Ž .spectrophotometer Japan, Shimadzu . Plotolumin-

numce spectra were carried out on a RF-540 spectro-
Ž .photometer Japan, Shimadzu . An aqueous solution

Ž Ž . .of CdCl Zn Ac was mixed with thioacetamide2 2

to give a final concentration of 0.1 M CdCl and2

0.12 M thioacetamide. The concentration of the
thioacetamide was slightly higher than CdCl in2

order to ensure the reaction completely. A round-bot-
Ž .tom glass vessel total volume ;100 ml was used

for the microwave irradiation, which was carried out
under ambient air. After mixing CdCl with thioac-2

etamide, the solution was placed in a microwave
Ž .refluxing 650 W system for 10 min with power

Ž20% About 20%: it means that if microwave works
in a 30-s regime, it works 6 s, and does not work 24
s. This is some kind of pulse regime, but the total

.power is still 100% . At the end of the reaction, the
precipitate was centrifuged, washed repeatedly with
acetone and dried under vacuum. The compounds
obtained were stored under air.

3. Results and discussion

3.1. XRD study

The as-prepared CdS and ZnS were characterized
by X-ray powder diffraction, which showed a perfect
match with the diffraction pattern published in Ref.
w x23 . In the case of CdS, all the refelections, to
within experimental error, fit that of bulk hexagonal
CdS. Using the Debye–Scherrer formula on peaks
Ž . Ž . Ž .100 110 and 200 , the average crystalline size
was determined from the equation as about 9 nm.
The XRD patterns are shown in Fig. 1. The XRD
peaks of ZnS nanoparticles are shown in Fig. 2.
These are broader than those of CdS, which shows
the size of ZnS was smaller than that of CdS. The
broad XRD peaks correspond to 2–3 nm particle size
according to calculation. ZnS was obtained in the

Ž . w xcubic sphalerite phase 24 .

3.2. TEM measurements

The morphology of prepared nanoparticles was
Ž .studied by TEM TEM . Fig. 3 shows the typical

image for CdS nanoparticles. Average diameter is
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Fig. 1. XRD pattern of as-prepared CdS nanoparticles.

5–10 nm. In the TEM images, the shape of these
nanoparticles is close to spherical, and some aggre-
gation is observed. The TEM observations for the
as-prepared ZnS nanoparticles are shown in Fig. 4. It
is apparent that ZnS nanoparticles are spherical. A
more careful analysis reveals that the particles are
held together by a porous irregular network, some
plates have been mostly formed by the aggregation.
The average size of these nanoparticles is in the
range of 2–3 nm, which is in good agreement with
the XRD results.

3.3. Optical properties

3.3.1. Refelectance spectra
We have carried out the optical reflection spectra

measurement of CdS and ZnS powder in order to

Fig. 2. XRD pattern of as-prepared ZnS nanoparticles.

Fig. 3. Transmission electron microscope of the as-prepared CdS
nanoparticles.

Žresolve the excitonic or interband valence-conduc-
.tion band transitions of CdS and ZnS, which allows

us to estimate the bandgap. Figs. 5 and 6 depict the
optical reflection spectra of the CdS and ZnS pow-
der. The optical refection edge of CdS and ZnS are
ca. 460 and 300 nm, respectively. The absorption
edges of both CdS and ZnS are blue-shifted from the
absorption edge of bulk CdS and ZnS. From the
spectra, we estimated the bandgap of CdS and ZnS

Ž w x.to be ca. 2.70 eV bulk CdS 512 nm, 2.42 eV 23
Ž w x.and 4.13 eV bulk ZnS 340 nm, 3.65 eV 24,25 .

This clearly indicates the presence of quantum size
effects in the prepared CdS and ZnS by microwave
heating.

3.3.2. Photoluminesecence spectra
A preliminary photoluminesecence measurement

on CdS and ZnS nanoparticles in alcohol can also

Fig. 4. Transmission electron microscope of the as-prepared ZnS
nanoparticles.
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Fig. 5. Reflection spectroscopy of the as-prepared CdS nanoparti-
cles.

been in Figs. 7 and 8. The excitation wavelength was
300 and 200 nm for CdS and ZnS, respectively. In
the case of CdS, The PL spectrum shows a broad

Fig. 6. Reflection spectroscopy of the as-prepared ZnS nanoparti-
cles.

Fig. 7. The photoluminescence spectrum of an ethanol solution
containing CdS nanoparticles. The excitation wavelength is 300
nm.

Fig. 8. The photoluminescence spectrum of an ethanol solution
containing ZnS nanoparticles. The excitation wavelength is 200
nm.
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emission peak centered at ca. 500 nm. A similar
emission peak at 505 nm was detected for 4-nm-sized

w xCdS particles 23 . Due to the broad nature of the
peak, it is difficult to state clearly that a blue shift is
detected, but the broader peak may be indicative of
size quantization. Similar to CdS, a broader emission
peak centered at ca. 460 nm was observed in the ZnS
PL spectrum.

We explain this phenomenon of producing
nanoparticles CdS, ZnS due to the high rate of the
reactions resulting from the microwave irradiation,
which provide higher energy. We also found that the
size obtained for CdS and ZnS is different in the
same microwave irradiation time, which shows that
microwave irradiation could influence selectively the
nucleation and growing rates of different com-
pounds. The reactions occurring during microwave
irradiation which lead to CdS and ZnS nanoparticles
are believed to be:

CH CSNH qH O™CH NH C OH ySHŽ . Ž .3 2 2 3 2

1Ž .

CH NH C OH ySHqH OŽ . Ž .3 2 2

™CH NH C OH qH S 2Ž . Ž . Ž .23 2 2

CH NH C OH ™CH NH C5OqH OŽ . Ž . Ž .23 2 3 2 2

3Ž .

H SqCdCl ™CdSq2HCl 4Ž .2 2

H SqZn Ac ™ZnSq2HAc 5Ž . Ž .22

Ž .Eq. 1 represents that the H O reacts with2
Ž . Ž .CH CSNH to form CH NH C OH -SH by mi-3 2 3 2

cromave heating. Repeating this process would then
Ž . Ž .result in formation CH NH C OH and H S.3 2 2 2

Ž . Ž .CH NH C OH would immediately lose water to3 2 2
Ž Ž . .give CH CONH Eq. 3 shows the results . Then3 2

Ž .further H S reacts with Zn Ac or CdCl to yield2 2 2
Ž . Ž .ZnS and CdS nanoparticles. Eqs. 4 and 5 show

the results.

4. Conclusion

CdS and ZnS nanoparticles have been prepared by
the microwave method. The advantage of this pro-
cess is that it is a simple and efficient method for
producing nanoparticles. We can foresee the upscal-

ing of the process to form large quantities of this
kind of nanomaterials.
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