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A simple and cost effective chemical technique has been utilized to prepare cadmium sulphide (CdS) nanoparticles at
room temperature. The sample is characterized with XRD (X-ray diffractometer), SEM (scanning electron microscope), TEM
(transmission electron microscope), FTIR (Fourier transform infrared), EDX (energy dispersive X-rays), and UV-VIS (ultraviolet
visible) spectrophotometer. The particle size estimated using X-ray line broadening method is ∼21.5 nm. While particle size
estimation, both instrumental and strain broadening was taken into account. The lattice strain was evaluated using Williamson-
Hall equation. SEM illustrates formation of submicron size crystallites and TEM image gives a particle size of ∼23.5 nm. The
characteristic stretching vibration frequency of CdS was observed in the absorption band in FTIR spectrum. Optical absorption
study exhibits a band gap energy value of about 2.44 eV.

1. Introduction

Semiconductor nanoparticles are an important class of mate-
rials with numerous applications in the fabrication of opto-
electronic devices, photonic transducers, and photolumines-
cent tags for biological studies [1]. Nanometer-sized semicon-
ductors exhibit structural, electronic, optical, luminescence,
and photoconducting properties very different from their
bulk properties [2, 3]. Large-scale synthesis of semiconductor
nanoparticles such as solid powder is critically important not
only for the study of their physical properties but also for their
industrial applications in the areas of catalysis, photocatalysis,
and microelectronics. Cadmium sulphide is an important
semiconductor and has many optoelectronic applications
including solar cells, photodiodes, light emitting diodes,
nonlinear optics, heterogeneous photocatalysis, high-density
magnetic information storage, and many others in semicon-
ductor industries [4, 5].The characteristic absorption of light
for CdS is in the visible range with a bulk band gap of ∼2.4 eV
at room temperature [5]. Many of these nanoparticles can
be prepared using simple wet-chemical methods of synthesis
that allow one to manipulate the electronic properties of

the particles [6–9]. In powder form, CdS has been syn-
thesized using hydrothermal/solvothermalmethods, thermal
decomposition [10–12], single-molecule precursors approach
[13], and chemical precipitation technique with or without
capping agent [4].

In the presented work, a chemical dipping technique
has been utilized to prepare nanopowders of CdS at room
temperature. The technique involves successive dipping of
a precleaned substrate in separately placed cationic and
anionic precursor. Between every immersion it is rinsed
in ion exchanged water. The technique, often called SILAR
(successive ionic layer adsorption and reaction), is generally
reported for preparation of thin films of cadmium sulphide
[14].

Normally under optimized deposition conditions, SILAR
produces adherent thin films. The deposition parameters for
getting adherent thin films include concentration and pH of
the reacting baths, temperature of deposition, and specific
substrate treatment. In the present work, we have used SILAR
technique to get nanoparticles of CdS.The SILAR deposition
from aqueous solutions is a very promising method because
of its simplicity and economy. The primary aim of the
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present work was to promote interest in SILAR method as
applied to preparation of nanocrystalline cadmium sulphide
powders. The deposition parameters were adjusted to give
a nonadherent thin film which could be scratched to give
powder. The structural and optical characterizations of the
synthesized powders were carried out using X-ray powder
diffractometer and UV-VIS spectrophotometer. Scanning
electron microscopy was used to illustrate the formation of
crystallites and transmission electron microscopy was used
for particle size estimation.

2. Materials and Methods

Cadmium sulphide thin film was prepared by successive
dipping of a precleaned glass substrate in cadmium acetate
[Cd(CH

3
COO)

2
⋅2H
2
O] solution and ammonium sulphide

[(NH4)2S] solution, both kept at room temperature. 0.1M
cadmium acetate solution was used as cationic precursor.The
anionic precursor was prepared by adding 5 cc ammonium
sulphide solution in 100 cc distilled water. Dipping of the
substrate in cationic precursors leads to the absorption of
metal (M2+

) ions [Cd2+ ion in this case] and subsequent
dipping in anionic precursors leads to the absorption of
sulpher (S2−) ions. The reaction on the substrate leading
to the formation of metal sulphide can be represented
as

Cd2+ + S2− → CdS. (1)

One complete set of dipping involves dipping of the
substrate in cadmium acetate solution followed by dipping
in anionic bath. Two hundred (200) such dipping was per-
formed in order to get sufficient amount of powder. Between
every immersion it is rinsed in ion exchanged water. Dipping
of the substrate in cationic and anionic precursors leads to a
very weakly adherent CdS film that could be easily scratched
from the substrate. The powder obtained was thoroughly
washed repeatedly in deionized water.

X-ray diffraction (XRD) with CuK
𝛼
radiation (𝜆 =

1.5418 Å) was made for structural characterization of the
synthesized powders.The phase identification and crystalline
properties of the films were studied by the X-ray diffraction
(XRD) method employing a Philips PW 1830 X-ray diffrac-
tometer with CuK

𝛼
radiation (𝜆 = 1.5418 Å). Utilizing the X-

ray diffraction data, the average crystallite size was estimated
fromWilliamson-Hall equation [15, 16]:

𝛽 cos 𝜃 = 𝑘𝜆
𝐷

+ 2𝜀 sin 𝜃, (2)

where 𝜆 is the wave length of radiation used (CuK
𝛼
in this

case), 𝑘 is the Scherrer constant, 𝛽 is the full width at half
maximum (FWHM) intensity of the diffraction peak for
which the particle size is to be calculated, 𝜃 is the diffraction
angle of the concerned diffraction peak, 𝐷 is the crystallite
dimension (or particle size), and 𝜀 is the lattice strain. The
slope of the plot of 𝛽 cos 𝜃(𝑦) against 2 sin 𝜃(𝑥) gives the
strain.

In general the experimentally observed broadening (𝛽
𝑜
)

is the total contribution from particle size and strain broad-
ening (𝛽) and instrumental broadening (𝛽

𝑖
). Thus the broad-

ening due to size and strain (𝛽) can be obtained from the
experimentally observed broadening (𝛽

𝑜
) using the following

relation:

𝛽 = 𝛽

𝑜
− 𝛽

𝑖
. (3)

The instrumental broadening arises from various factors
such as nonparallelism of the incident X-ray beam and
presence of other wavelengths apart from CuK

𝛼
and it is

a constant for a particular experimental setup. Diffraction
data from standard silicon (Si) powder was used to measure
the instrumental broadening [17]. The particle size is very
high in the standard and the broadening in this case is
due to instrument only. The broadening (in FWHM) against
2𝜃 obtained from standard silicon sample was plotted in a
graph and was used as reference. UV-VIS optical absorption
measurement was performed in a spectrophotometer (Model
UV-1800, Shimadzu, Japan) at room temperature.The spectra
were recorded by using a similar glass as a reference.The band
gap of the films has been calculated from the absorption edge
of the spectrum.

3. Results and Discussions

Figure 1 shows the X-ray diffraction (XRD) pattern of CdS
particles. The XRD was done after thorough washing of
the synthesized powder in deionized water and heating the
powder at 150∘C for 2 hours. The material was scanned in
the range 20–70∘. The 2𝜃 variation was employed with a
0.05-degree step and a time step of 1 second. Intensity in
arbitrary units is plotted against 2𝜃 in Figure 1. It is seen
from the figure that peaks appear at 26.93∘, 44.33∘, and 52.37∘.
The diffractogram of the sample reveals that all the peaks
are in good agreement with the Joint committee on powder
diffraction standard (JCPDS) data belonging to cubic CdS
structure [18]. The corresponding reflecting planes are (111),
(220), and (311), respectively.

X-ray line broadening analysis to evaluate observed
FWHM (𝛽

𝑜
) was carried out using computer software

(MARQ2) [19]. The software utilizes Marquardt least-
squares procedure for minimizing the difference between the
observed and simulated diffraction patterns. The peak-shape
and intensity of reflection are modeled with a pseudo-Voigt
(pV) analytical function, which is a combination of a Gaus-
sian function and a Lorentzian function. The background
intensity is subtracted by fitting the background with a
suitable linear function. From the values of 𝛽

𝑜
obtained using

MARQ2 fitting and the corresponding values of instrumental
broadening (calculated from the standard [20, 21]), 𝛽 was
calculated using (3). Table 1 shows the values of 𝛽

𝑜
, 𝛽
𝑖
, and

𝛽. This value of 𝛽 was used to find the particle size using
Scherrer equation [15] which, however, does not take account
of strain broadening. The particle size was calculated using
𝑘 = 0.9, which corresponds to spherical crystallites, and 𝜆 =
1.5418 Å, thewavelength of CuK

𝛼
radiation.The average value
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Figure 1: X-ray diffraction pattern of CdS nanoparticles.

Table 1

Peak position
(2𝜃)

𝛽

𝑜
(in

degrees)
𝛽

𝑖
(in

degrees)
𝛽 (in

radians)
Particle size

(Å)
26.93 0.56 0.097 0.0081 ∼177
44.33 0.62 0.100 0.0089 ∼166
52.37 0.68 0.104 0.0101 ∼153

of particle size taking instrumental broadening into account
is ∼165.3 Å (i.e., ∼16.5 nm).

Figure 2 shows the plot of 𝛽 cos 𝜃 against 4 sin 𝜃
(Williamson-Hall plots or W-H plots). The slope of the plots
represents average strain in the films whereas the inverse
of intercept on 𝛽 cos 𝜃 axis gives the crystallite size (𝐷)
according to (1). The average value of particle size was found
to be ∼21.5 nm using 𝑘 = 0.9, 𝜆 = 1.5418 Å and intercept on
𝑦-axis as 0.0065. Thus the actual particle size taking strain
into account is higher than that evaluated using Scherrer
equation which does not take strain broadening into account.
The estimated slope and hence value of lattice strain are
∼1.35 × 10−3. The lattice strain introduced in the sample is
possibly due to stacking fault within the crystallites. Since
the deposition is carried out in ambient air, some stress is
expected to be introduced which can result in stacking fault.
The value of lattice strain is on the lower side compared to
that reported (0.0494) by chemical precipitation technique
possibly due to high particle size of the samples [20]. The
calculation of lattice strain was done by Williamson-Hall
method. A value of RMS strain in the range 1.0 × 10−3
to 3.0 × 10−3 has been reported for ∼10 nm CdS powder
synthesized by ball milling [22]. Lattice strain was calculated
by Rietveld’s method in their work.

SEM investigation (Figure 3) at normal incidence
revealed formation of submicrometer crystallites. Figure 4
shows the TEM image of CdS. The particle size evaluated
from TEM micrograph ranges approximately between 19
and 26 nm with an average of ∼23.5 nm. The chemical
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Figure 2: Williamson-Hall plot of CdS.

Figure 3: SEM image of CdS nanopowders.

Figure 4: TEM image of CdS powder.

composition of the CdS was determined by EDX (energy
dispersive X-ray) analysis (Figure 5), confirming the
existence of Cd and S elements. The silicon and oxygen
signal appears from the substrate. Contamination of trace
amount of carbon and chlorine was detected in the films.The
FTIR spectrum of CdS is shown in Figure 6. The absorption



4 Journal of Materials

CdLa

CdLb

CdLb
CdLi

SiKa

S Ka

O Ka
C Ka

CdLg

0.60 1.20 1.80 2.40 3.00 3.60 4.20 4.80 5.40

(keV)

Figure 5: EDX pattern of CdS.
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Figure 6: FTIR spectrum of CdS.

band observed at 653.37 cm−1 may be attributed to Cd-S
stretching frequency [23, 24]. The band at 1068.76 cm−1 may
be attributed to SO

4

− traces and those at 1408.43 cm−1 and
1598.51 cm−1 may be attributed to sulphate group (S=O) and
C–C stretching vibrations, respectively [23].

Absorption spectrum of CdS was recorded in the wave-
length range 400–700 nm. The optical absorbance (trans-
mittance) depends on the density of point defects [21, 25].
Band gap energy (𝐸

𝑔
) was derived from the mathematical

treatment of the data obtained from the absorbance versus
wavelength with the following relationship:

(𝛼ℎ])2 = 𝐴(ℎ] − 𝐸
𝑔
)

𝑛/2

,
(4)

where ] is the frequency, 𝛼 is the absorption coefficient, 𝐴 is
a function of index of refraction and hole/electron effective
masses, ℎ is the Planck’s constant, and 𝑛 carries the value of
either 1 or 4 depending on whether the material has direct or
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Figure 7: Photon energy (eV) dependence of (𝛼ℎ])2.

indirect band gap. Since CdS has an indirect band gap, 𝑛 = 4
was used and a plot of (𝛼ℎ])2 as a function of ℎ] was drawn
(Figure 7). Extrapolation of the line to the base line, where the
value of (𝛼ℎ])2 is zero, gives 𝐸

𝑔
as 2.44 eV.

The variation of resistance with temperature was studied
in the temperature range. The sample for electrical measure-
ment was prepared under high-pressure pellets.The electrical
characterization was carried out by monitoring the variation
of electrical resistance (𝑅) as a function of temperature (𝑇)
using the conventional two probe technique with silver as
electrodes. The film was kept in the dark inside a quartz
tube furnace. Figure 8 shows the data on the variation of
the electrical resistance with reciprocal temperature (1000/𝑇)
in the temperature range 325–425K. Electrical resistance
was measured with a Keithley 6514 system electrometer.
The conduction process may be described by the following
equation:

𝑅 = 𝑅

𝑜
exp( 𝐸
𝑘𝑇

) . (5)

In this equation, 𝑅
𝑜
is the preexponential factor for the

temperature range 300–400K, 𝑘 is Boltzmann’s constant, 𝑇
is the absolute temperature, and 𝐸 is the activation energy
for conduction. The experimentally obtained value of 𝐸 is
∼1.0 eV. An activation energy value of 0.9 eV in the low
temperature range has been attributed to grain boundary-
limited conduction mechanism [26].

4. Conclusions

Nanocrystalline powders of CdS were prepared at room
temperature and without use of any capping agent by SILAR
technique. X-ray diffraction pattern indicates formation of
cubic CdS. The CdS nanocrystalline powders formed have
dimensions in the range 21–24 nm as evaluated by X-ray
line broadening analysis and TEM measurements. Lattice
strain evaluated by Hall-Williamson method was ∼1.35 ×
10−3. The characteristic stretching vibration mode of CdS at
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Figure 8: Temperature dependence of electrical resistance.

653.37 cm−1 was observed in the absorption band in FTIR
spectrum. Optical absorption study exhibits a band gap
energy value of about 2.44 eV. The resistance of the material
decreases with increasing temperature indicating semicon-
ducting behavior. Temperature dependence of resistance
follows an energy activation barrier value of ∼1.0 eV which
may be attributed to grain boundary-limited conduction
mechanism. The technique of SILAR is simple and cost
effective and offers an easily scalable alternative to industrial
level. It seems that the technique can be extended for the
preparation of other metal sulphide nanocrystals/quantum
dots.
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