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Abstract:
The present work deals with the synthesis and characterization of CdS nanoparticles with good thermal stability 
and optical properties by a novel and simple synthetic route. The nanoparticles were synthesized via chemical 
precipitation method in a single reaction vessel under ambient conditions. The prepared CdS nanoparticles were 
compared with the bulk CdS. The Optical properties were determined by using UV-Vis spectroscopy. The band 
gap from Absorption Spectra was found to be 2.66eV (470nm) while that of bulk is 2.42eV (515nm). Thermal 
properties were determined by DTA, TGA and DTG. The particles show good thermal stability with high melting 
point (~12500C). Structural and Morphological properties were analyzed by FTIR, XRD, SEM and TEM. The 
XRD pattern exhibit features of cubic crystal structure having morphology of octahedron and tetragonal phases. 
The particle size calculated from UV-Vis Spectroscopy, XRD and TEM was well below 10 nm. 
Keywords: Optical Properties, II–VI semiconductor CdS, Quantum dots, Quantum size effect, XRD.
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1. INTRODUCTION

Quantum dots are semiconductors whose electronic 
characteristics are closely related to the size and 
shape of the individual crystal. Generally, the 
smaller the size of the crystal, the larger will be 
the band gap, and greater will be the difference in 
energy between the highest valence band and the 
lowest conduction band. Therefore more energy is 
needed to excite the dot, and concurrently, more 
energy is released when the crystal returns to its 
resting state. 
Due to quantum size effect, as the radius of the 
crystallite approaches the Bohr radius of an exciton, 
the energy gap begins to widen, quantization of the 
energy bands becomes apparent and a blue shift in 
the exciton transition energy can be observed [1-
4]. The effective mass model is commonly used to 
study the size dependence of optical properties of 
Quantum Dots system [5]. CdS is insoluble in water, 

but soluble in dilute mineral acids. CdS shows 
variation in 1D morphology when the reaction 
conditions change (i.e. monomer concentration, 
reaction temperature and reaction time). 
Any combination of reaction conditions could 
lead to diverse shapes such as dots, rods, bipods, 
tripods, tetrapods and spindles [6, 7]. CdS in bulk 
has hexagonal wurtzite -type structure with melting 
point 1600 0C [8]. CdS is an II –VI semiconductor 
consisting of cadmium from group II and sulfur 
from group VI of the periodic table of elements. 
Due to the cadmium surplus it exhibits intrinsic 
n-type of conductivity caused by sulfur vacancies 
and the depth of the acceptor level. 
CdS bulk has band gap Eg=2.42 eV (515nm) [9] 
at room temperature and pressure. Nanostructured 
CdS have unique physical, chemical, electrical, 
optical and transport properties, which differ from 
the bulk material and even single atom. As the 
semiconductor nanoparticles exhibit size dependent 
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properties, the melting point of 2.5 nm CdS 
crystallites is as low as ~ 4000C [8], the band gap 
of 0.7 nm CdS crystallites is 3.85 eV [10] and at 
very high pressure phase changes from hexagonal 
wurtzite type to rock salt cubic phase [11]. Since 
CdS has 2.42 eV (515 nm) band gap, so it is most 
promising candidate among II-VI compounds for 
detecting visible radiation [12]. 
As CdS nanoparticles (quantum dots) has wide 
band gap, it is widely used in optoelectronics, 
photonics, photovoltaics and photocatalysis. It is 
used as window material for hetero junction solar 
cells to avoid the recombination of photogenerated 
carriers which consequently improves the solar 
cells efficiency [13]. In optoelectronics, it is 
utilized for making photocells, light emitting diode 
(LED) [14, 15], lasers [16], and address decoders 
[17]. In photonics, CdS is employed to make 
nanocrystals [18], sensors [19], optical filters, 
and all optical switches [20]. In photovoltaics, it 
has been exploited to fabricate cadmium telluride 
(CdTe), as well as copper indium diselenide solar 
cells to act as a window layer that separates charge 
carriers produced due to photon absorption and 
photo detectors [21] and in the fabrication of thin 
film solar cells [20,22]. In photocatalysis, it is used 
for hydrogen production [23] and water purification 
[24]. CdS is also used as a pigment in paints and in 
engineered plastic for good thermal stability [25]. 
These properties are the result of high surface-to-
volume ratio present in CdS nanoparticles.
In the present work, CdS nanoparticles were 
synthesized by single pot chemical precipitation 
method in aqueous medium using ambient reaction 
conditions. The Optical properties were determined 
by using UV-Vis spectroscopy, Thermal properties 
were determined by Thermal Gravimetric Analysis 
(TGA), Differential Thermogravimetry (DTG) and 
Differential Thermal Analysis (DTA), Structural 
and Morphological properties were analyzed by 
Fourier Transform Infrared Spectroscopy (FTIR) 
Spectroscopy, X-Ray Diffraction (XRD), Scanning 
Electron Microscopy (SEM) and Transmission 
Electron Microscopy (TEM). The particle size lied 
below 10 nm. The band gap lied at 2.66eV (470 nm). 
The XRD pattern exhibited features of cubic phase 

with octahedron and tetragonal morphologies. The 
particles showed good thermal stability.

2. MATERIAL  AND  METHODS

CdS nanoparticles were grown by chemical 
precipitation method using aqueous medium and 
ambient conditions. All the reaction steps were 
carried out in a single reaction vessel. All chemicals 
were of analytical grade and used as received 
without further purification.

2.1. Synthesis of CdS nanoparticles

100ml Cd (NO3)2 (0.085M) solution was kept 
in H2S atmosphere for 1 minute with vigorous 
stirring. The stirring was continued for additional 
5 hours. The H2S was supplied through an inlet 
in a closed reaction vessel while vigorous stirring 
of the solution to ensure complete mixing and 
small particle size. The following fundamental 
reaction was observed for the preparation of CdS 
nanoparticles Cd2+ + S2- → CdS. Figure 1, shows the 
reaction setup with Kipp’s apparatus attached to the 
reaction vessel standing on a magnetic stirrer. The 
solution turned transparent to light yellow as the 
reaction proceeded. The precipitate thus obtained 
was washed with water several time prior washing 
with acetone for 3-4 times and was then air dried.

Figure 1: The reaction setup used in the experiment.
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2.2. Characterization

2.2.1. Optical properties

The UV-Vis spectroscopy has become an effective 
tool in determining the size and optical properties. 
The optical properties were determined by using 
Thermo Spectronics, Genesis 20 Spectrometer 
in the wavelength range of 400-600 nm at 
room temperature using the stable dispersions 
formed in DMSO after ultrasonication. As the 
particle size decreases, the λ max shifts to shorter 
wavelengths, due to the band gap increase of the 
smaller-sized particles [3, 26]. The nature of the 
electronic transition across the optical band gap is 
determined by the variation of optical coefficient 
with wavelength. The nature of the transition is 
determined using the relation [27]:

(αhν) = A (hν – Eg)n  			               [1]

Where ‘α’ is the absorption coefficient, ‘A’ is a 
constant related to the effective masses associated 
with the bands, ‘hν’ is the energy of photon and 
n=1/2 for allowed direct transition. The value of 
absorption coefficient is found to be of the order of 
104 cm-1 for all composition that supports the direct 
band gap nature of the semiconductor [28]. The 
most direct way of extracting the optical band gap 
is to simply determine the wavelength at which the 
extrapolations of the base line and the absorption 
edge cross [27, 29].
With the band gap value, the particle radius can 
be calculated using equation proposed by Brus [4, 
30, 31]. The Brus equation is used to describe the 
emission energy of quantum dot semiconductor 
nanocrystals. This expression gives a relation 
between radius of the crystallite and the energy gap 
thus explains the quantum size effect.

Eg = Eg0 + ħ2π2 / 2R2 [1/me + 1/mh ] – 1.786 e2/ε R 

– 0.248 Ery	 			               [2]

Where; Eg is the band gap value of the nanoparticles, 
Eg0 is the band gap value of the bulk material, me 
and mh are effective masses of electrons and holes, 
respectively. ε is the dielectric constant of the 
semiconductor, R is the radius of the particle, h is 

the planks constant and Ery is the effective Rydberg 
energy [4, 32]. The first term in Equation (2) 
referred to as the quantum localization term (i.e. the 
kinetic energy term), which shifts the Eg to higher 
energies proportionally to R2- .The second term in 
Equation (2) arises due to the screened coulomb 
interaction between the electron and hole, it shifts 
the Eg to lower energy as R1−. The third, size-
independent term in Equation (2) is the solvation 
energy loss and is usually small and ignored. In case 
of semiconductors the effect of the second term, the 
coulomb interaction term in the equation (2) is very 
less and hence can be ignored as well. [29, 30]

2.2.2. Thermal properties

Thermal properties were determined by DTA/
TGA/DTG. Thermo Gravimetric Analysis (TGA), 
Differential Thermogravimetric and Differential 
Thermal Analysis (DTA) were carried out at a 
constant rate of 20ºC/min and nitrogen atmosphere. 
DTA/TGA/DTG measurements were made to reveal 
the presence of any chemically adsorbed species 
and to determine thermal stability of the compound. 
A DTG curve is obtained by plotting the rate of 
change of weight with time against the temperature. 
The peak on the derivative curve corresponds to the 
maximum slope on the TGA curve which indicates 
the maximum weight loss. The shoulder in the 
thermogram obtained in DTG, is clearly resolved 
into peaks. The DTA curve shows the endothermic 
or exothermic nature of the weight loss leading to 
thermal decomposition. This event may correspond 
to the melting point of the compounds.

2.2.3. Structural properties

Structural and morphological properties were 
determined by Scanning Electron Microscopy 
(SEM), Transmission Electron Microscopy (TEM), 
Fourier Transform Infrared Spectroscopy (FTIR) 
Spectroscopy and X-Ray Diffraction (XRD).

2.2.3.1. Microscopic study (SEM/TEM)

Microscopic studies were done by SEM and TEM. 
The SEM images were taken, using circular pellets 
pressed under pressure (4 tones/cm2) while for TEM 

International Journal of Nanoscience and Nanotechnology



114

the as-prepared CdS nanoparticles were dispersed 
in acetone by ultrasonication and was placed on 
carbon coated copper grid.

2.2.3.2. Energy Dispersive X-ray (EDX) spectroscopy 

The elemental analysis of the synthesized CdS 
nanoparticles was done by Scanning Electron 
Microscopy coupled with Energy Dispersive 
X-ray (SEM/EDX or EDX) Spectroscopy. SEM, 

accompanied by X-ray analysis (SEM/EDX), is 
considered a relatively rapid, inexpensive, and 
basically non-destructive approach to surface 
analysis. Purity and composition of the products is 
studied by EDX. It is often used to survey surface 
analytical problems, elemental analysis from 
carbon to uranium and semi-quantitative analysis 
with detection limits of ~ 0.5 weight % for most 
elements. 

Figure 2: The absorption curve of the synthesized CdS 
nanoparticles showing Absorption peak at 470nm 

Figure 3: The band gap energy (Eg) curve showing the 
Eg of the synthesized CdS nanoparticles at 2.66eV.

Figure 4: The DTA/TG/DTG curve of the synthesized nanoparticles.
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2.2.3.3. Fourier Transform Infrared Spectroscopy 
(FTIR)

Another method to study the purity and composition 
of the products is FTIR. The dried CdS nanoparticles 
mixed with KBr were characterized with FTIR.

2.2.3.4. X-Ray Diffraction Spectroscopy (XRD)

XRD pattern provided information about crystalline 
phase of the nanoparticles as well as the crystallite 
size. A considerable broadening of diffraction peaks 
is the characteristic feature of the x-ray diffraction 
patterns of films and ultradispersed powders of 
cadmium sulfide. This broadening of the diffraction 
peaks is associated with the small sizes of particles 
in powders or domains in films [34, 35].
Average particle size was found from XRD 
measurement value of full width at half maxima 
(FWHM) using Debye-Scherrer formula [36-38].

D = K (λ / β cosθ)			                [3]

Where D is the crystallite size, K is a constant 
(0.91), λ is the wavelength of the CuKα line 
(1.54Å), θ is the angle between the incident beam 
and the reflection lattice planes and β is the full 
width at half maxima (FWHM) of the diffraction 
peak in radian.
The x-ray diffraction patterns of cadmium sulfide 
powders closely resemble those of the films. 
However, the structure of CdS nanopowders, as a 
rule, has been uniquely determined by researchers 
either as hexagonal [39, 40] or cubic [41]. In 
some researches the x-ray diffraction pattern had 
exhibited pronounced features of both phases, it 
has been approximated by the sum of the x-ray 
diffraction patterns of both phases and the results of 
the analysis have been given as the partial contents 
of these phases [35]. Some researchers [42] have 
showed CdS nanocrystals having cubic structure 
with octahedron and tetragonal morphologies.

3. RESULTS  AND  DISCUSSIONS

3.1. Optical properties

The absorption edge in bulk CdS was found at 515 nm 

while in prepared CdS nanoparticles the absorption 
peak was observed at 470 nm wavelength (Figure 
2) which indicates the blue shift in absorption edge. 
Absorption peak shows shift to shorter wavelength 
(blue shift) which is in good agreement with the 
results reported before [29]. Figure (3) shows the 
plot of Absorbance versus hν whose intercept on 
energy axis gives the band gap energy Eg of the 
particles which came out to be 2.66eV (bulk CdS 
=2.42eV).
The particle radius of the synthesized CdS 
nanoparticles was calculated from Equation (2) 
keeping Eg0=2.42 eV, me=1.73 x 10-19, mh=7.29 x 
10-19, for CdS [4, 12], and Eg=2.66eV (observed) 
(Figure 3). The particle size came out to be 3.203nm. 
The prepared CdS nanoparticles had wider band 
gap than the bulk CdS due to quantum size effect, 
and can be used in optoelectronics, photonics, 
photovoltaics, photocatalysis and solar cells.
				  
3.2. Thermal properties

The TGA/DTG curve showed that the compound 
was thermally stable till 7500C (Figure 4). After 
7500C 13.10% weight loss was observed. This 
can be attributed to the change in phase from 
octahedron to tetragonal [11]. This is later proved 
by XRD measurements in this paper. The melting 
point of the compound was found to be around 
12500C where 96% weight loss was observed. 
No chemically absorbed species was found as a 
straight curve was observed till 7500C. However, 
a very small weight loss (~ 4-5%) was observed 
before 1000C, which might be due to the presence 
of moisture or the traces of solvent. The DTA 
curve showed an endothermic weight loss leading 
to thermal decomposition. Figure (4) shows the 
TGA/DTG/DTA curves for the as synthesized CdS 
nanoparticles. CdS nanoparticles showed good 
thermal stability and can be used as a pigment in 
paints and in engineered plastic.

3.3. Structural properties

SEM image (Figure 5) of the surface of the pellet 
showed smooth structure. TEM image (Figure 6) 
showed fine spherical CdS particles (quantum dots) 
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with some of the particles showing aggregation. 
The average particle size observed was 4nm. The 
SEM and TEM images showed the formation of 
good spherical structure. Thus, the formation of 
quantum dots was confirmed.
The dried powder samples were analyzed on 
EDX. The curve in figure (7) reveals the presence 
of Cd and S peaks confirming the formation of 
pure Cadmium Sulphide with no other elemental 
impurity. The average atomic percentage ratio 
of Cd:S was 54.5:46.5. Other peaks in this figure 
correspond to carbon, oxygen and silicate which are 
due to sputter coating of glass substrate on the EDX 
stage and were not considered in elemental analysis 
of Cd and S.
The FTIR spectra can be explained by various peaks 
(Figure 8) obtained by the sample. Table 1 contains the 
explanation of the peaks obtained by the sample [33].
Figure (9) shows the X-ray diffraction pattern of 
the as synthesized CdS nanoparticles. In the present 

work the diffraction patterns of the CdS nanopowder 
exhibit feature of cubic phase having octahedron 
and tetragonal morphologies [42]. The data was 
run on “PowderX” Powder Diffraction Analysis 
Software (beta version) to get the interpretation 
done. At room temperature, the XRD pattern of 
the synthesized CdS nanoparticles shows 3 broad 
peaks at 25.9, 43.3 and 51.42, the broad peak at 25.9 
contains two shoulders at 24.49 (towards left) and 
at 27.4 (towards right), and a small peak at 29.78 
(Figure 9). Interpretation on the basis of Powder-X 
showed the resulting peak exhibited features of 
both octahedron and tetragonal phase structures 
and the results were given as the partial contents of 
both phases. After heating the sample at 800oC for 
1 hour, the octahedron phase disappears and only 
tetragonal structural phase was observed with three 
sharp peaks at 24.5, 29.22 and 35.08 (Figure 10).
This also explains the 13.10% weight loss after 
7500C in TGA, as the tetragonal phase is more 

Figure 5: The SEM images of the synthesized CdS nanoparticles at (a) 1000 and (b) 5000 magnification.

 Table 1: Interpretation of the peaks obtained by the FTIR Spectra of the synthesized CdS Nanoparticles.
Peak Region Intensity Interpretation

a 400-470 Small and weak Cd-S bond stretching (CdS nanoparticles)
b 820-850 Sharp S-S-S bending or C-H stretching ( crystal s-s-s bond or acetone )
c 1060-1120 Sharp C-O or S-O (acetone or sulphate)
d 1380-1420 Sharp or Broad C-H bending of CH3 (Acetone)
e 2340-2360 Small and weak S-H  bond (Free H2S)
f 3140-3470 Broad Intermolecular H-bonds (Lattice water)
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stable than octahedron phase. It is assumed that 
the particles with octahedron phase structure either 
disintegrated or undergone phase change. A similar 
observation was done by C.C. Chen and group 
[11]. The average crystallite size calculated by the 
Debye- Scherrer formula using FWHM values of 
the prominent peaks came out to be 8.15nm.

4. CONCLUSIONS

II –VI semiconductor CdS nanocrystals were 
synthesized via single pot chemical precipitation 
method at ambient conditions. The Optical 
Absorption peak was observed at 470 nm 
wavelength while that of bulk is 515nm indicating 
the blue shift in absorption edge also the band gap 
calculated from absorption spectra was at 2.66eV 
while the bulk CdS has 2.42eV showing quantum 
size effect. 

Figure 6: TEM image of the synthesized CdS 
nanoparticles showing spherical quantum dots with 

some particles showing aggregation.

Figure 7: EDX of the synthesized CdS nanoparticles.

Figure 8: The figure showing FTIR pattern of the 
synthesized CdS nanoparticles.

Figure 9: The XRD pattern of the as synthesized CdS 
nanoparticles showing both octahedron and tetragonal 

morphologies. 

Figure 10: The XRD pattern of CdS nanoparticles 
after heating them at 8000C for 1 hour. The inset shows 

the XRD peaks exhibiting features of tetragonal 
crystal phase.
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The formation of good spherical structure proved 
the formation of quantum dots. The Thermal spectra 
showed thermally stable nanoparticles, the melting 
point of the CdS nanoparticle was 12500C where 
96% weight loss was observed, the nanoparticles 
were thermally stable upto temperature as high as 
7500C, and only a small weight loss (13.10%) was 
observed in between 7500-8000C. The XRD pattern 
of the CdS nanoparticles showed both octahedron 
and tetragonal crystal structure which after heating 
at 8000C for 1 hour, showed only tetragonal 
structural phase. 
This can be attributed to the weight loss at 7500C in 
TGA. The particle size calculated from Absorption 
spectra, Diffraction spectra and Microscopic studies 
was found to be in the range 3-8nm and showed good 
agreement with each other. Thus, the synthesized 
nanoparticles showed quantum size effect and 
good thermal stability with crystalline nature. 
The quantum dots prepared have great practical 
utility and can be exploited in field of electronic, 
optics, photocatalysis, solar cells, optoelectronics, 
photonics, and photovoltaics.
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Highlights for review:

•	 Novel synthetic procedure.
•	 Optical properties, Quantum size effect and 

Quantum Dots.
•	 Thermal and Structural properties.
•	 Determination of Crystal structure and 

particle size by XRD.
•	 Determination of practical utility of the 

compound.
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