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Abstract CdSe nanoparticles were prepared through a
cetyltrimethyl ammonium bromide (CTAB) assisted
hydrothermal method. In this route, cadmium salt and
SeCly as precursors and hydrazine hydrate (N,H4-H,0) as
reductant were used. By varying the cadmium salt, reaction
time, temperature, surfactant and molar ratio of Cd:Se:C-
TAB, the method permits us to synthesize nanoparticles
with diameters less than 20 nm. SEM and TEM images
show the morphology and particle size of the as-synthe-
sized CdSe. XRD patterns show a pure hexagonal phase of
CdSe. Chemical composition of nanoparticles is charac-
terized by EDS. It is found that uniform CdSe nanoparticles
are successfully produced from sulfate salt using 2 ml of
hydrazine at 180 °C for 12 h.

1 Introduction

The semiconductor compounds have attracted much
attention because of their optoelectronic properties and
applications. The CdSe as an II-VI group semiconductor
has a direct band gap of 1.74 eV at room temperature. It is
attracting growing interest because of its applications in
light emitting diodes [1], solar cells [2], biological fluo-
rescent labels [3], photovoltaic device, electrolumines-
cence, catalyst [4], and also due to its optoelectronic
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properties [5]. The CdSe often possesses n-type conduc-
tivity in bulk as well as in thin film form. Many methods
are developed to prepare the CdSe nanostructures with
various morphologies [6-8].

Among the numerous methods developed for the syn-
thesis of CdSe nanostructures, hydrothermal reaction has
been proven to be a convenient way, especially to control
the morphology and phase structure of the resulting prod-
ucts [9-11]. Herein, we report a hydrothermal method to
synthesize CdSe nanostructures from the reaction of cad-
mium salt with SeCly. This is first report on the
hydrothermal synthesis of CdSe nanosturctures using SeCly
as Se source. Using of the novel compounds can be useful
and open a new way for preparing and controlling shape
and size distribution of nanocrystals. This method is simple
and cost effective; and provides a convenient way to the
synthesis of other metal selenides [12-19]. We have stud-
ied the influences of cadmium salt, surfactant, reaction
time, temperature and molar ratio of Cd:Se:CTAB on the
morphology, phase and particle size of the nanocrystals.
The semiconductor nanocrystal systems, especially CdSe
nanocrystals, are more or less the best studied colloidal
nanocrystal systems in terms of size and shape control [8].

2 Experimental

All the chemicals used in our experiments were of ana-
lytical grade, were purchased from Merck and used as
received without further purification. The XRD patterns
were collected from a diffractometer of Philips company
with X’PertPro monochromatized Cu Ko radiation
(L = 1.54 A). Microscopic morphology of products was
visualized by a LEO 1455VP scanning electron microscope
(SEM). TEM images were obtained on a Philips EM208S
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transmission electron microscope with an accelerating
voltage of 100 kV. EDS analysis with 20 kV accelerated
voltage was done. Room temperature PL was studied on a
Perkin Elmer (LS 55) fluorescence spectrophotometer. The
electronic spectrum of the samples was taken on a UV-Vis
V-670 spectrophotometer (Jasco, Japan).

In a typical preparation, 3CdSO,4-8H,O (0.186 g) and
SeCly (0.16 g), with molar ratio 1:1, were dissolved in
water to form a clear solution. In the next step, a certain
amount of CTAB (0.3 g) was added into the above solution
under stirring. Then, 2 ml of hydrazine was added drop-
wise to the solution and the final solution transferred into a
stainless steel Teflon-lined autoclave. The autoclave was
sealed and maintained at 180 °C for 12 h. When the
reaction was completed, the final product was filtered and
washed with ethanol and water several times, then dried in
vacuum at 60 °C for 4 h. Some control experiments, in
which 3CdSQ,4-8H,0, temperature 180 °C and time 12 h
were replaced by other salts, temperatures and times, and
other operational processes were unchanged, were per-
formed. The results have been listed in Table 1.

3 Results and discussion

Figure la—d illustrates SEM images of as-synthesized
samples from different cadmium salts. According to this
figure, CdSe nanoparticles obtain from SeCl, and different
Cd salts in the presence of CTAB and hydrazine, at 180 °C
for 12 h. With change at the metal salt from sulfate
(Fig. 1d) to nitrate (Fig. 1b), acetate (Fig. la) and then
chloride salt (Fig. 1c), the size and agglomeration of the
nanoparticles are increased, respectively. The morphology,
particle size and crystal phase of the CdSe nanostructures

are sensitive to the added cadmium sources. We consider
that the above phenomena result from the different inter-
actions between anions and Cd** cations. During the
growth of CdSe crystals, SO427, NO3~, CH;COO™ and
Cl™ anions have different coordination with Cd*" cations
and might influence the adsorption and desorption rates at
the CdSe nuclei, which might favor the preferential crystal
growth [20].

The XRD pattern of sample prepared from sulfate salt
(sample no. 4) is shown in Fig. 2a. All peaks in the pattern
correspond to the reflections of hexagonal phase of CdSe
with space group P63mc and JCPDS 77-2307. In order to
further elucidate the size and the crystal structure of the
nanoparticles prepared from sulfate salt, TEM images were
taken. Figure 2b shows the TEM image of sample no. 4.
Aggregated nanoparticles with semi-spherical shapes and
diameters between 10 and 30 nm are obtained, when
3CdS0O4-8H,0 is used as cadmium precursor. The EDS
pattern of CdSe (sample no. 4) in Fig. 2c, indicates that the
elements in the product are Cd and Se only and a pure
phase of CdSe obtains.

SEM and TEM images of the CdSe nanoparticles
obtained at 180 °C for 6 h (sample no. 5) are shown in
Fig. 3a—c. The diameters of nanoparticles are less than
20 nm. The SAED pattern of the sample no. 5 has been
inserted in Fig. 3b, and approves high crystallinity of the
product. The HRTEM image of a single CdSe nanopar-
ticle in Fig. 3¢ shows that the nanoparticles are highly
crystalline and distance between the two adjacent planes
is measured to be 0.15 nm. This distance corresponds to
(210) plane of XRD pattern. When the reaction time is
increased of 6 h (Fig. 3a) to 12 h (Fig. 1d) and then 18 h
(Fig. 3d), morphology and particle size of samples remain
nearly constant and only agglomeration of nanoparticles

Table 1 The reaction conditions of cadmium selenides synthesized in this work (in the presence of 2 ml hydrazine)

Sample no. Effect Surfactant Molar ratio of Cd:Se:CTAB Cd salt Time (h) T (°C)
1 1:1:1 Cd(OAC),-2H,0 12 180
2 Salt CTAB 1:1:1 Cd(NO3), 12 180
3 1:1:1 CdCl,-H,O 12 180
4 1:1:1 3CdS0O4-8H,O 12 180
5 1:1:1 3CdS0O,4-8H,0 6 180
6 Time CTAB 1:1:1 3CdS0O,4-8H,0 18 180
7 1:1:1 3CdS0O4-8H,0 12 150
8 Temperature CTAB 1:1:1 3CdS0O4-8H,0 12 210
9 1:1:2 3CdS0O,4-8H,0 12 180
10 Molar ratio of Cd:Se:CTAB CTAB 1:1:0.5 3CdS04-8H,0 12 180
11 PEG600 — 3CdS0O4-8H,0 12 180
12 Surfactant PVA — 3CdS0,4-8H,0 12 180
13 SDBS - 3CdS0O4-8H,0 12 180
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Fig. 1 SEM images of CdSe synthesized at 180 °C for 12 h, from SeCl; and a Cd(OAC),-2H,0 (sample no. 1), b Cd(NO3), (sample no. 2),

¢ CdCl,-H,O (sample no. 3) and d 3CdSO,4-8H,0 (sample no. 4)

increases a little. Figure 3e shows SEM image of sample
prepared at 150 °C for 12 h. It can be observed that with
decreasing temperature, the size and agglomeration of the
nanoparticles increase. An increase of the reaction tem-
perature always results in an increase of the rate of
reaction; therefore at relatively high temperatures more
CdSe nuclei will form before the growth process, which
causes the formation of more particles with smaller
diameters.

One of the impressive features of semiconductors is
their ability to emit light. Upon excitation with wavelength
shorter or equivalent to the absorption onset, an electron is
promoted from the valance band to the conduction band
and upon relaxation a phonon of light is emitted. The
cadmium selenide is one of the groups II-VI semicon-
ductors and has a direct bandgap. PL. and UV-Vis spectra
of sample no. 4 are showed in Fig. 4a, b respectively. The
PL peak is narrow with an emission maximum at 430 nm.
The estimated band gap of cadmium selenide using the PL
spectrum is about 2.88 eV. The optical absorption edge
600 nm in Fig. 4b shows a blue shift in relation to bulk
CdSe, 1.73 eV (716 nm) [21]. The first excitonic peak at
560 nm is due to the first electronic transition (1s—1s)

occurring in the CdSe nanoparticles. The second at 460 nm
can be assigned to the higher spin—orbit component of the
1s—1s transition [21].

XRD pattern of the sample prepared at 210 °C (sample
no. 8) is presented in Fig. 5a. The diffraction peaks
observed in this figure can be indexed to pure CdSe with
hexagonal phase (JCPDS card no. 77-2307). XRD patterns
in Figs. 2a and 5a verify that the crystal structure of CdSe
nanoparticles is kept unchanged by increasing the tem-
perature. In continues, the effect of molar ratio of
Cd:Se:CTAB on the morphology of CdSe samples in the
presence of hydrazine is investigated. The molar ratio is
varied between 1:1:0.5 and 1:1:2. Figures 1d and 5b, c
show the morphologies of the products obtained with dif-
ferent molar ratios of Cd:Se:CTAB. From the images, it
can be seen that agglomerated nanoparticles are formed
after the synthesis in all samples. When molar ratio of
Cd:Se:CTAB is 1:1:2, due to large amount of surfactant,
the surface of samples is covered by CTAB and the par-
ticles are buried in the large amount of surfactant, in
conclusion the products separate well and have lower
particle sizes. The size of the nanoparticles increases reg-
ularly with decreasing CTAB content.
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Fig. 2 a XRD pattern, b TEM image and ¢ EDS spectrum of sample no. 4
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Fig. 3 a SEM and b, ¢ TEM images of CdSe synthesized at 180 °C for 6 h; d, e SEM images of prepared samples at 180 °C for 18 h and 150 °C
for 12 h
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Fig. 4 a PL and b UV-Vis spectra of sample no. 4
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Fig. 5 a XRD pattern of CdSe prepared at 210 °C for 12 h, b, ¢ SEM images of CdSe prepared with the molar ratios of 1:1:2 and 1:1:0.5

(Cd:Se:CTAB), respectively

We used four different surfactants to investigate influ-
ence of the surfactant on the morphology of the products.
The morphology of the products was characterized by SEM
and shown in Fig. 6. From the Fig. 6a, we can see that
sample prepared in the presence of PEG600 has a granular
morphology and is close to the regular spheres with uni-
form distribution. When PEG is used, polymeric molecules
are adsorbed preferentially on the nuclei surface to inhibit

aggregation by steric hindrance mechanism. Changing the
surfactant to PVA, small particles cluster together and form
blocky structures (Fig. 6b). As can be seen in Fig. 6¢,
SDBS is not a good surfactant in the current experiment,
because it is clear that the synthesized sample is in micro
size and there are no particles. Figure 1d showed that
aggregated nanoparticles are as-prepared product in the
presence of CTAB.
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Fig. 6 SEM images of CdSe prepared by sulfate salt in the presence of hydrazine and a PEG600 (sample no. 11), b PVA (sample no. 12) and

¢ SDBS (sample no. 13)

4 Conclusions

In this paper, we synthesized CdSe nanoparticles by
hydrothermal method using Cd salts and SeCl, as raw
materials in the presence of CTAB and hydrazine. The
hexagonal CdSe nanoparticles with diameters 10-30 nm
were obtained from sulfate salt at 180 °C for 12 h.
Decreasing reaction time to 6 h, helped us to prepare
nanoparticles with diameters less than 20 nm. In this work,
we investigated effects of cadmium salt, surfactant, reac-
tion time and temperature and also molar ratio of
Cd:Se:CTAB.
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