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Abstract. CdS Semiconductor nanostructures were
synthesized by using two different methods. Us-
ing triphenylphosphine (C18H15P) and oleylamine
(C18H37N) as surfactant, CdS semiconductor nanocrys-
tals with a size ranging from 30 to 90 nm can be
synthesized by thermal decomposition of precursor
[bis(thiosemicarbazide)cadmium(II)]. CdS nanoflowers
were synthesized via hydrothermal decomposition of
[bis(thiosemicarbazide) cadmium(II)] without any surfac-
tant. X-ray diffraction (XRD) patterns confirm that the
resulting samples were a pure hexagonal phase of CdS. The
optical property test indicates that the absorption peak of
the samples shifts towards short wavelength, and the blue
shift phenomenon might be ascribed to the quantum effect.
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drothermal, cadmium sulfide, optical property.

PACS®(2010). 61.46.-w, 61.46.Df, 61.46.Hk, 65.80.+n,
78.66.-w, 78.66.Hf, 78.67.-n, 78.67.Bf, 81.07.-b, 81.07.Bc,
81.16.-c, 81.16.Be.

1 Introduction

Nanotechnology develops stormy last 20 years and finds
new areas of application. Nanocrystalline semiconductor
quantum dots have been intensively investigated during the
last decade [1–6]. Their optical, electronic, and catalytic
properties can be basically attributed to two factors, i.e. the
large surface to volume ratio and the size quantization ef-
fect, both leading to alterations of the semiconductor prop-
erties. Size, morphology and dimensionality can strongly
affect the properties of nanostructured materials. Cadmium
sulfide (CdS) is a kind of attractive semiconductor material,
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and it is now widely used for optoelectronic applications
such as non-linear optical devices and flat panel displays,
light emitting diodes (LED), lasers, thin film transistors,
photosensitive resistance, electric eye, and so forth [7–10].

Sized-controlled inorganic nanoparticles such as metals,
semiconductors, and metal oxide have attracted more in-
terests because of their material properties compared with
their bulk. Hence, investigations on the synthesis and
modification of nanosized CdS have attracted tremendous
attentions. A variety of methods have been developed
to prepare the sulfides of zinc and cadmium, including
solid phase reaction [11], gas phase reaction with H2S or
sulfur vapor [12], sol-gel process [13], hydrothermal or
solvothermal route [14–16] and gamma-irradiation tech-
nique [17, 18]. CdS with particular structures like quantum
dots [19,20], nanowires [21,22], nanoporous particles [23],
hollow submicrospheres [24], and so on have been success-
fully synthesized. Recently, our group reported synthesis of
CdS nancrystallits via hydrothermal process [25, 26]. This
method has been also reported to prepare metal selenide
[27] and telluride [28] nanostructures. In present work
CdS nanoparticles have been prepared by a thermal decom-
position route from [Cd(TSC)2]Cl2 (TSC D thiosemicar-
bazide) as single precursor. The use of thiosemicarbazide
complexes as precursors seems to be interesting, because
at the thermal decomposition of these complexes existing
Cd–S bond and its environment is “inherited”. The use of
thiosemicarbazide complexes of different structure allows
controlling the structure of obtained semiconductor materi-
als [29].

2 Experimental

2.1 Materials and Physical Measurements

Oleylamine, triphenylphosphine (TPP), hexane, toluene and
absolute ethanol were purchased from Aldrich and used
as received. The XRD pattern of products was recorded
by a Rigaku D-max C III XRD using Ni-filtered Cu K˛

radiation. Elemental analyses were obtained on a Carlo
ERBA Model EA 1108 analyzer. Scanning electron mi-
croscopy (SEM) images were obtained on Philips XL-
30ESEM equipped with an energy dispersive X-ray spec-
troscopy. Transmission electron microscopy (TEM) images
were obtained on a Philips EM208 transmission electron
microscope with an accelerating voltage of 100 kV. Fourier
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Scheme 1. Proposed mechanism for preparation of CdS nanoparticles by two methods.

transform infrared (FT-IR) spectra were recorded on Shi-
madzu Varian 4300 spectrophotometer in KBr pellets. The
room temperature PL was studied on an F-4500 fluores-
cence spectrophotometer.

2.2 Synthesis of [Cd(TSC)2]Cl2 Complex

Cadmium(II) chloride monohydrate CdCl2 � H2O, 2 mmol,
was dissolved in 20 ml distilled water, a solution of
thiosemicarbazide (H2NNHCSNH2), 4 mmol, dissolved in
50 mL of distilled water containing 37% hydrochloric acid
was dropwise added into the above solution under mag-
netic stirring. After addition of all the reagents, the mixture
was refluxed for about 6 h with evaporation of the solu-
tion; a white crystalline solid was recovered. It was filtered,
washed with distilled water and ethanol and dried. We sup-
pose that thiosemicarbazide is coordinated to cadmium ion
as bidentate cyclic ligand through the S atom and the ter-
minal N atom of the hydrazine fragment. Since cadmium
(II) being d10 ion usually adopts a coordination number
four with tetrahedral stereochemistry, it may be presumed
that the ligand in this metal complex has been arranged in
a tetrahedral manner. IR (KBr) �max cm�1: 3267 �as(NH2),
3231 �s(NH2/, 3175 �(NH), 1148 �(C-N), 790 �(CDS),
411 �(M-S), 364 �(M-N). Anal. Calcd. for [Cd(TSC)2]Cl2:
C, 6.57; H, 2.76; N, 22.99; S, 17.54; Cd, 30.75. Found: C,
6.49; H, 2.90; N, 23.17; S, 17.42; Cd, 30.80% [30–36].

2.3 Preparation of CdS Nanoparticles

In the current synthetic procedure that have been shown in
Scheme 1, first, 0.6 g [Cd(TSC)2]Cl2 and 5 mL oleylamine
loaded in a 50 ml two-neck distillation were heated up to
150 °C for 120 min and a light yellow solution was gen-
erated with the gradual dissolution of precursor complex
[Cd(TSC)2]Cl2. Then, 5 g of TPP was dissolved in the mix-
ture. The solution was aged at 210 °C for 90 min. The color
of the solution changed from yellow to orange, indicating
that colloidal nanoparticles were generated. The thermal
decomposition of the thiosemicarbazide complex at 210 °C

led to a formation of CdS nanoparticles. The nanoparticles
were precipitated by adding excess ethanol to the solution.
The yellow precipitate was collected via centrifugation af-
ter 15 min of stirring. The nanoparticles could easily be
re-dispersed in nonpolar organic solvents, such as hexane
or toluene. This synthetic procedure is a modified version
of the method developed by Hyeon and co-workers for the
synthesis of nanocrystals of metals that employs the thermal
decomposition of transition metal complexes [37].

2.4 Preparation of Flower-like CdS Nanoparticles

Nanoflower of CdS were synthesized according to this pro-
cedure: 0.8 g of the [Cd(TSC)2]Cl2 dissolved in 50 mL of
distilled water, was put into a Teflon-lined stainless steel au-
toclave of 100 ml capacity. The autoclave was sealed and
maintained at 150 °C for 12 h, then allowed to cool to room
temperature naturally. The yellow solid formed was sepa-
rated by centrifugation and re-dissolved in toluene for fur-
ther analysis. The nanoflowers dried in vacuum at 50 °C
for 2 h. In the current synthetic procedure that have been
shown in Scheme 1. The yield of the overall synthesis was
81% based on the amount of [Cd(TSC)2]Cl2.

3 Results and Discussion

Figure 1 shows the XRD patterns of the CdS nanoparticles
and CdS nanoflowers. All of the reflections of the XRD
pattern in Figure 1 (a) can be indexed to the standard pat-
tern of the pure hexagonal phase of CdS which is in good
agreement with the reported data (space group: P 63mc;
JCPDS No. 77-2306) and lattice constants a D 0:4136,
b D 0:4136 nm and c D 0:6713 nm. No diffraction peaks
from other crystalline forms are detected, which indicates a
high purity of these CdS samples. In addition, the intense
and sharp diffraction peaks suggest that the obtained prod-
uct is well crystallized. From XRD data, the crystallite size
(Dc) of as-prepared CdS particles was calculated to be 40
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Figure 1. XRD patterns of (a) CdS nanoparticles and
(b) CdS nanoflowers.

nm using the Debey–Scherrer equation (1) [38],

Dc D K�

ˇ cos �
; (1)

where ˇ is the width of the observed diffraction line at its
half-intensity maximum, K is the so-called shape factor,
which usually takes a value of about 0.9, and � is the wave-
length of X-ray source used in XRD.

Figure 1 (b) is the X-ray powder diffraction pattern of
the flower-like CdS nanoparticles showing reflections from
(100), (002) and (101) planes, which indicates formation of
a pure hexagonal phase which is very close to the values
in the literature (JSPDS No.41-1049). The crystallite size
estimated from the Scherrer formula, is about 21 nm.

The elemental composition of the CdS nanoparticles is
determined by energy dispersive spectrometry, which dis-
plays cadmium L˛1 (3.18 KeV), Lˇ1 (3.51 KeV), and Lˇ2

(3.73 KeV) peaks and sulfur K˛1 (2.35 KeV) peaks.
The morphology and structure of the as-prepared CdS

nanopowders were investigated by SEM and TEM images.
The SEM analysis images (Figure 2) show that the powders
have granular morphology. In order to further elucidate the
size and the crystal structure of the nanoparticles, TEM im-
age was taken (Figure 2). The morphology of particles is
close to regular spherical and their distribution is not uni-
form (30–90 nm).

Figure 3 reveals the SEM images of the 5 CdS flower-
like nanoparticles prepared at 150 °C by hydrothermal

method. Figure 3 (a) shows that the individual CdS flower
is composed of several flowers that are collected and have
petals. Interesting phenomenon is that each petal consists
of some non-smooth nanospheres. Similar phenomena are
also found toward the other individual CdS flowers. These
findings also can be seen in Figure 3 (b) with higher mag-
nification. TEM images of products have been shown in
Figures 3 (c) and (d). The panoramic view with low magni-
fication in Figure 3 (c) demonstrates that products are near
to spheres and exist with a diameter of 30–90 nm. Further
observation based on the high magnification image (Fig-
ure 3 (d)) shows in fact the spheres are flowers with average
diameter of about 30 nm that collected and formed a big
flower.

To investigate whether the surface of the nanoparti-
cles was capped with organic surface, FT-IR of the as-
synthesized samples was performed. Figure 4 shows the
FT-IR spectrum of CdS nanoparticles. Since CdS has no
absorption peaks in the range of 500–4000 cm�1, the peaks
at 2921 and 2869 cm�1 are due to the symmetric and asym-
metric CH2 stretching modes, the peak at 3010 cm�1 is
due to the n(C–H) mode of the C–H bond adjacent to the
CDC bond, and the small peak at 1625 cm�1 is due to the
n(CDC) stretching mode. In addition, the peak at 1460
cm�1 is due to the NH2 scissoring mode. The results
clearly reveal that the nanoparticles are coated with small
amount of the oleylamine [39–41]. FT-IR spectrum of CdS
flower-like nanoparticles are the same as the presented spec-
tra.

Figures 5 (a) and (b) shows photoluminescence (PL)
spectra of CdS nanoparticles prepared via thermal decom-
position and hydrothermal method, respectively. The PL
spectrum of the CdS nanoparticles shows an emission max-
imum at 461 nm (�exc D 340 nm) (Figure 5 (a)) and
an emission maximum for CdS flower-like at 430 nm
(�exc D 342 nm) (Figure 5 (b)). Previous reports suggest
that the emission arises from the recombination of an elec-
tron trapped in a sulfur vacancy with a hole in the valence
band of CdS [42]. As the crystallite size decreases, in-
tensity of emission peak increases and the peak shifts to
higher frequencies that indicating quantum confinement ef-
fect [43,44]. The PL shows a blue shift with respect to bulk
CdS (512 nm, 2.4 eV) [42]. This emission spectra of CdS
nanoparticles obtained by decomposition, as calculated by
the direct band gap method [43], is 461 nm (2.69 eV), show-
ing a blue shift of 51 nm in relation to that of the bulk ma-
terial. The emission spectra calculated at 430 nm (2.88 eV)
shows a blue shift in relation to the bulk material.

Thermal decomposition of the precursor complex at 210
°C with formation of finely dispersed cadmium sulfides and
elimination of gaseous products (Eq. (2)):

[Cd(H2NNHCSNH2/2]

210 ıC; air������! CdS C 3N2 " C H2S" C 2CO2 " C 4H2O" :
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Figure 2. SEM and TEM image of CdS nanoparticles.

Figure 3. (a), (b) SEM and (c), (d) TEM images of CdS flower-like nanoparticles.

During thermal decomposition reaction, nucleation rate
for nanocrystals could reach a high value in a short time and
these nuclei were wrapped by surfactant. Consequently, the
formed nanocrystals grow to a certain value and saturate.
The effect of the surfactant is to control the size of the par-
ticles and to prevent the aggregation of particles. When the

concentration of the surfactant is low, the nuclei can not be
wrapped by the surfactant completely; wide size distribu-
tion of nanocrystals was obtained. Oleylamine is known
as a ligand that binds tightly to the nanoparticles surface.
TPP is a high-boiling point surfactant with a patulous long-
chain structure providing greater steric hindrance. The ad-
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Figure 4. FT-IR spectrum of the CdS nanoparticles synthe-
sized via decomposition of precursor.

Figure 5. PL spectra of the prepared: (a) CdS nanoparticles
via decomposition of precursor and (b) CdS flower-like
nanoparticles via hydrothermal method.

dition of TPP into the mixture of oleylamine and complex
as an additional surfactant led the particles to be well dis-
persed.

4 Conclusions

In summary, CdS semiconductor nanocrystals have been
synthesized by two simple approach: thermal decomposi-
tion of [bis(thiosemicarbazide)cadmium(II)] and hydrother-
mal method. These reaction routes can further be ap-
plied to prepare other metal sulfides. The results obtained
with XRD of CdS nanoparticles show that our experimental
methodology produces nanoparticles predominantly grown

in a hexagonal lattice. This nanoparticles have a size rang-
ing from 30 to 90 nm and their morphology is close to
regular spherical. PL energy of CdS Nanoparticles is blue
shifted in comparison with the band gap of bulk CdS that
indicating formation nanoparticles.
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