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Abstract:
In this investigation, we report facile synthesis of cadmium(II)-thioacetamide nanocomposites in the 
presence and absence of polyvinyl alcohol under ultrasonic irradiations, using cadmium acetate dihydrate 
(Cd(CH3COO)2.2H2O), potassium iodide (KI), thioacetamide (TAA, CH3CSNH2), and polyvinyl alcohol 
(PVA) as the starting materials. Results show that in the presence of polyvinyl alcohol sizes of the particles 
reduce. Characterization of the compounds was carried out by determination of melting point, scanning 
electron microscopy (SEM), energy dispersive X-ray analysis (EDAX), Fourier transform infrared (FT-IR) 
spectroscopy, 1H-NMR spectroscopy and thermogravimetric-differential thermal analyses (TG/DTA). The 
thermal decomposition of the polymeric nanocomposite, Cd-thioacetamide/PVA in an autoclave under critical 
condition led to the formation of spherical cadmium sulfide nanoparticles with an average particle size of 
about 20 nm. The X-ray diffraction pattern at room temperature revealed that highly pure and crystallized 
CdS with hexagonal structure were obtained. The sonochemical method resulted in a significant reduction of 
reaction time, reaction temperature and particle size of the products.
Keywords:	Nanocomposite, Sonochemical method, Thioacetamide, Cadmium sulfide nanoparticles.
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1. INTRODUCTION

In recent years, the synthesis of inorganic materials 
with	 specific	 size	 and	 morphology	 has	 attracted	
considerable attention. Their excellent physical 
and	 chemical	 properties	 in	 various	 fields,	 such	 as	
catalysis, sensors, solar cells, photo detectors, light 
emitting diodes and laser communication, have 
made them very attractive and promising materials 
[1-4]. It is well documented that materials with 

nano-scale grain size show different properties 
relative to the same material in bulk form [5-7]. 
In order to synthesis various nano-materials many 
different synthetic approaches like chemical vapor 
deposition (CVD), thermal evaporation, chemical 
bath deposition, laser ablation, hydrothermal, 
homogeneous precipitation in an organic matrix, 
sonochemical and sol–gel method have been 
utilized [8-15]. Sonochemistry is the research area 
in which molecules undergo a chemical reaction due 
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to the application of powerful ultrasound radiation 
[16,	17].	The	efficiency	of	heterogeneous	reactions	
involving solids dispersed in liquids depends upon 
the available reactive surface area and mass transfer. 
The ultrasonically-enhanced mass transport is 
thought to be due to two transient processes: (1) 
Bubble collapse at or near the solid–liquid interface 
with microjet directed towards the surface, and (2) 
Bubble motion near or within the diffusion layer of 
the surface. 
From an inorganic chemistry point of view, most 
of the effects of interest regarding ultrasonication 
are related to cavitation. Cavitation causes solute 
thermolysis along with the formation of highly 
reactive radicals and molecules [18]. In addition, if a 
solid is presented in solution, the sample size of the 
particles is diminished by solid disruption, thereby 
increasing the total solid surface in contact with the 
solvent [19]. The use of high-intensity ultrasound to 
enhance the reactivity of metals as a stoichiometric 
reagent has become a synthetic technique for many 
heterogeneous organic and organometallic reactions 
[20-23]. It is well known that control of the size, 
morphology and structure represents some of key 
issues in nanotechnology that determine their 
properties. 
Semiconductor materials with nano dimensions 
have attracted a lot of attention in recent years 
due to their potential applications in diverse 
electronic nanodevices [24–26]. Among binary 
compound	semiconductors,	cadmium	sulfide	(CdS)	
is representative of group II due to its wideband 
gap of 2.42 eV at room temperature, which is 
widely used in solar cells [27], light emitting 
diodes [28], photocatalysts, lasers [29], biological 
imaging and labeling applications [30]. There are 

many experimental approaches to synthesize CdS 
nanoparticles such as microwave-solvothermal 
synthesis [31, 32], hydrothermal method [33, 34] 
and surfactant-ligand co-assisting solvothermal 
method [35]. Most of the products have different 
morphologies	 such	 as	 dendrites	 [36],	 flakes	 [37],	
spheres [38], nanorods [39, 40], nanowires [41-43], 
triangular	 and	 hexagonal	 plates	 [44],	 flower-like	
shape [45] and sea-urchin-like shape [46].
In the present work, we report the synthesis of 
Cd(II)-thioacetamide nanocomposites in the 
presence and absence of polyvinyl alcohol under 
ultrasonic irradiations, employing cadmium acetate 
dihydrate (Cd(CH3COO)2.2H2O), potassium iodide 
(KI), thioacetamide (TAA, CH3CSNH2), and 
polyvinyl alcohol (PVA, Mw 100,000; hydrolysis 
degree=98%-99%) as the starting materials. We also 
describe the preparation of CdS nanoparticles with 
hexagonal morphology by thermal decomposition 
of the polymeric nanocomposite, Cd-thioacetamide/
PVA as precursor. We choose thioacetamide as the 
S-2 source. It is easier for thioacetamide to release 
S-2 ions. We introduce polyvinyl alcohol (PVA) as 
protecting materials to the morphology-controlled 
synthesis of CdS nanoparticles.

2. EXPERIMENTAL

2.1. Materials and physical measurements

The raw materials used in this work were of purities 
above	 99%,	 therefore	 no	 further	 purification	 was	
required. All solutions were prepared with double 
distilled deionized water. A multiwave ultrasonic 
generator (UP400S, Hielscher), equipped with a 
converter/transducer and titanium oscillator (horn), 

Scheme	1: Materials produced and synthetic methods.
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Figure	1: FT-IR spectra of (a) thioacetamide and (b) Cd-
thioacetamide nanocomposite.

Figure	2:	TG/DTA curves of Cd-thioacetamide nanocomposite.
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12.5 mm in diameter, operating at 24 kHz with 8% 
power output of 400 W, was used for ultrasonic 
irradiation. The ultrasonic generator automatically 
adjusts the power level. 
Melting points (uncorrected) were measured 
with a Branstead Electrothermal 9100 apparatus. 
Fourier transform infrared (FT-IR) spectra were 
recorded using Bruker tensor 27 spectrophotometer 
in a KBr matrix. X-ray powder diffraction (XRD) 
measurements were performed using an X’pert 
diffractometer of Philips Company with graphite 
monochromatic	Cu	Kα	(λ=	0.15418	nm)	 radiation	
at	 room	 temperature	 in	 the	 2θ	 range	 of	 10-60°.	
The samples were characterized by using scanning 
electron microscopy (SEM) and energy dispersive 
X-ray (EDX) techniques (Philips XL30) with gold 
coating. 
Thermogravimetric and differential thermal analyses 
(TGA/DTA) were carried out with Pyris Diamond 

Perkin Elmer under air atmosphere at a heating rate 
of 10 °C/min from room temperature to 600 °C. 
Nuclear magnetic resonance (1H-NMR) spectrum 
of precursor was recorded by Bruker (400 MHz) in 
DMSO-d6. Gel permeation chromatograms were 
measured on a Waters GPC system consisting of an 
isocratic pump, solvent degasser, column oven, 2996 
photo diode array (PDA) detector, 2414, refractive 
index detector, 717 plus auto sampler and a Styragel 
HT 4 GPC column with precolumn installed. Linear 
PMMA standards were used for calibration. The 
solvent was DMF containing 5 mmol/L NH4PF6. 
The	flow	speed	was	0.5	mL/min.

2.2. Preparation of Cd(II)-thioacetamide nano-
composites by sonochemical process

In a typical synthesis procedure, 0.532 g of cadmium 
(II) acetate dihydrate, 0.148 g of thioacetamide and 
0.664 g of potassium iodide were dissolved in 20 

Figure	3: (a, b) SEM images, (c) EDAX spectrum, and (d) the corresponding particle size 
distribution histogram of Cd-thioacetamide nanocomposite.
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mL double distilled deionized water. This solution 
was irradiated with a high intensity ultrasonic 
horn (24 kHz, 400W) at room temperature for 1 h. 
During  the  sonication  of  the  reaction  mixture  the 
temperature  increased  to 70-80oC as measured by 
an iron–constantin thermocouple. After one hour 
a bright yellow precipitate formed. It was isolated 
by centrifugation (4,000 rpm, 15 min), washed with 
double distilled water and then with absolute ethanol 
in	 order	 to	 remove	 residual	 impurities	 and	 finally	
dried in air (yield: 0.915 g, 68%). Dec. p.200°C.
To prepare of polymeric nanocomposite, 1.992 
g of polyvinyl alcohol was dissolved in 20 mL of 
double distilled deionized water and then added 
into the above solution. This mixture was irradiated 
with ultrasonic waves for 1 h when a bright orange 
product formed. 

2.3. Preparation of CdS nanoparticles

To obtain of CdS nanoparticles, 0.29 g of polymeric 
nanocomposite, Cd-thioacetamide/PVA and 20 mL 
double distilled deionized water was transferred 
into	 a	 Teflon-lined	 stainless	 autoclave	 (50	 mL	
capacity). The autoclave was sealed and maintained 
at 200 °C for 30 h. The system was then cooled to 
ambient	 temperature	 naturally.	 The	 final	 product	

Figure	4:	(a) SEM image, and (b) the 
corresponding particle size distribution 

histogram of polymeric Cd-thioacetamide/PVA 
nanocomposite. 

Figure	5:	1H-NMR spectrum of polymeric Cd-thioacetamide/PVA nanocomposite.
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was collected and washed with distilled water and 
absolute ethanol several times, dried in air, and kept 
for further characterization.

3. RESULTS  AND  DISCUSSION

Reaction between thioacetamide ligand with a 
mixture of cadmium(II) acetate dihydrate and 
potassium iodide in the presence and absence of 
polyvinyl alcohol under ultrasonic irradiations, 
led to the formation of Cd(II)-thioacetamide 
nanocomposites. Scheme 1 gives an overview of 
the method used for the synthesis of cadmium(II) 
containing nanostructures. 
Thioacetamide is an organic sulfur compound 
that has lone pair electrons on nitrogen and sulfur 
atoms, and is able to donate lone pair electrons 
to form coordination compound with the vacant 
d-orbital	of	Cd	cations.	The	first	step	to	check	the	
purity of the Cd(II) nanocomposites was a melting 
point measurement, which was quite different 
from starting materials indicating a new product 
formation. FT-IR spectra of thioacetamide and 
Cd-thioacetamide nanocomposite in the frequency 
range from 3,500 to 500 cm-1, are compared in 
Figure 1. By comparing the FT-IR spectrum of 
thioacetamide (Figure 1a) and the FT-IR spectrum 
of Cd-thioacetamide nanocomposite (Figure 
1b), it was found that thioacetamide ligand was 

coordinated to Cd2+ ion, and the Cd-thioacetamide 
nanocomposite formed. 
The N-H stretching vibrations shifted from 3298 
and 3080 cm-1 of thioacetamide to 3434 cm-1 

of Cd-thioacetamide nanocomposite, while the 
peak at 3080 cm-1 corresponding to the N-H bond 
disappeared. The C-N stretching vibrations shifted 
from 1691 and 1479 cm-1 of thioacetamide to 1631 
cm-1 of Cd-thioacetamide nanocomposite, and C=S 
stretching vibrations shifted from 973 and 712 
cm-1 of thioacetamide to 1120 cm-1 and 619 cm-1 of 
Cd-thioacetamide nanocomposite. The change in 
bonding energy of N-H revealed the coordination of 
cadmium ions and thioacetamide molecules. 
It can be concluded that nitrogen atoms of 
thioacetamide molecules were used to form Cd-
thioacetamide nanocomposite, caused by donating 
lone pair electrons on nitrogen atoms, to form 
coordination compound with the vacant d-orbital of 
Cd cations.
To examine the thermal stability of Cd-
thioacetamide nanocomposite, thermogravimetric 
and differential thermal analyses (TG/DTA) were 
carried out between 30 and 600°C in air (Figure 2). 
Complex was stable up to 70°C due to the water 
molecule began to be removed and decomposition 
took place between 70 and 550°C with a mass loss 
of 65%. As shown in Figure  2, three weight loss 
steps are shown in the TG curve. According to 
the TG curve, the weight loss 376°C up to 550°C 
is corresponding to the removal of thioacetamide 
ligand. Decomposition of the nanocomposite occurs 
to ultimately give solid that appears to be CdS. Mass 
loss calculations of the end residue and the XRD 
pattern	of	 the	final	decomposition	product	 (Figure	
6) indicated the formation of CdS. The DTA curve 
displays three distinct endothermic peaks at 320°C, 
400°C, and 518°C (Figure 2).
The morphology and size of Cd-thioacetamide and 
Cd-thioacetamide/PVA nanocomposites prepared 
by the sonochemical method were characterized 
by scanning electron microscopy (SEM) which 
showed composition of particles with sizes of 
about 38 nm and 25 nm, respectively. Figure 3a, 
3b and 3d show the scanning electron microscopy 
(SEM) and the corresponding particle size 
distribution histograms of the Cd-thioacetamide 

Figure	6: XRD pattern of CdS nanoparticles 
prepared by thermal decomposition of polymeric 

Cd-thioacetamide/PVA nanocomposite.
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nanocomposite, respectively. This micrograph 
reveals that nanostructure of Cd-thioacetamide 
nanocomposite is uniform in shape and size. Also, 
spherical shaped morphology has been observed 
for the nanoparticles. 
Figure 4 shows the scanning electron microscopy 
(SEM) and the corresponding particle size 
distribution histograms of the polymeric Cd-
thioacetamide/PVA nanocomposite and as a 
result, the nanoparticles aggregate randomly 
to form almost uniform shape. The energy 
dispersive X-ray analysis (EDAX) of the Cd-
thioacetamide	 nanocomposite,	 confirmed	 the	
presence of cadmium, sulfur, and iodide atoms 
as the elementary components (Figure  3c). By 
comparing SEM images of Cd(II)-thioacetamide 
nanocomposites, it was found that in presence of 
PVA the particles diameter decreased from about 
38 nm to 25 nm which can be caused by spatial 

exclusion of polymer molecules of polyvinyl 
alcohol, which provides a uniform environment.
To further study of Cd-thioacetamide/PVA 
nanocomposite, 1H-NMR (400 MHz) spectrum was 
recorded. Figure  5 shows the 1H-NMR spectrum of 
polymeric Cd-thioacetamide/PVA nanocomposite. 
Regardless of the solvent peaks at the chemical 
shifts of 3.5-3.6 ppm, the peaks appeared at the 
chemical shifts of 1.5-1.8 ppm could be assigned to 
the protons of methyl group in thioacetamide and the 
protons of CH2 in PVA. Also, the peak appeared at 
the chemical shifts of 2 ppm, and the peak appeared 
at 3.9 ppm could be assigned to the proton of CH 
attached to hydroxyl group in PVA, and the protons 
of amide group in thioacetamide, respectively.
Figure  6 shows the representative XRD pattern 
of the CdS synthesized by hydrothermal route. 
It is obvious that all the diffraction peaks can be 
indexed to hexagonal phase CdS with P63mc space 

Figure	7: (a, b) SEM images, (c) EDAX spectrum, and (d) the corresponding particle size 
distribution histogram of CdS nanoparticles.
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group and lattice parameters of a=4.1409 Å and 
c=6.7198	Å	 (JCPDS	file	No.41–1049).	Compared	
with the standard diffraction pattern, no peaks of 
impurities were detected, indicating the high purity 
of the product. In addition, the intense and sharp 
diffraction peaks suggest the obtained product 
is well crystallized. The broadness of the peaks 
indicates the small dimensions of the produced CdS 
nanoparticles. Estimated from the Scherer formula, 
D= 0.89l/βcosq, where D is the average grain size, 
l is the X-ray wavelength (0.15418 nm) and q and 
β	 are	 the	 diffraction	 angle	 and	 full-width	 at	 half	
maximum of an observed peak, respectively [47], 
upon the main peak, the average size of the particles 
of sample was calculated to be 22 nm which is in 
agreement with that observed from the SEM image.
The morphology of the CdS nanoparticles was 
characterized by scanning electron microscopy 
(SEM) and shows that it is composed of particles 
with sizes of about 20 nm. Figure 7a, 7b and 7d show 
the SEM images and the corresponding particle size 
distribution histogram of the CdS nanoparticles, 
respectively. 
As it can be seen, a uniform nanometer scale 
particles with good size distribution is observed for 
the	nanoparticles.	To	 further	confirm	the	chemical	
composition of the as-prepared CdS, EDAX 
spectrum was recorded. The very strong peaks 
related to Cd and S were found in the spectrum 
(Figure  7c) and no impurity was detected.

4. CONCLUSION

In summary, we prepared cadmium(II)-
thioacetamide nanocomposites in the presence 
and absence of polyvinyl alcohol by sonochemical 
method. The SEM results demonstrated that 
in presence of PVA the sizes of the particles 
decreased from about 38 nm to 25 nm. Then we 
synthesized hexagonal CdS nanoparticles with 
spherical morphology from thermal decomposition 
of the polymeric nanocomposite, cadmium(II)-
thioacetamide/PVA as precursor. The size of the 
CdS nanoparticles was measured both by XRD and 
SEM and the results were in very good agreement 
with each other. 
The polymeric Cd(II) nanocomposite was a suitable 

precursor	 for	 preparation	 of	 cadmium	 sulfide	
nanoparticles with interesting morphologies. All 
results revealed that ultrasonic synthesis can be 
employed	 successfully	 as	 a	 simple,	 efficient,	 low	
cost, environmentally friendly and very promising 
method for the synthesis of nanoscale materials 
without a need for special conditions, such as high 
temperature, long reaction times, and high pressure. 
This method may be extending to synthesize other 
metal	sulfide	nanocrystallites,	nanowires,	nanodisks,	
and even nanotubes.
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