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Role Of pH On Structural, Optical And Visible Light
Photocatalytic Activity Of CdS Nanoparticles By A
Simple Wet Chemical Route
Jeevanantham N, Balasundaram O.N
Abstract:The potential CdS nanoparticles (pH 9, 10 and 11) are synthesized by wet chemical route. The crystallographic nature and grain size of the synthesized CdS
nanoparticles were analyzed using their corresponding XRD pattern. Elemental composition and purity of the CdS nanoparticles was predicted by EDX analysis. The
optical band gap and characteristic absorption peak of the CdS nanoparticles is examined by UV-Visible and photoluminescence spectra analysis. The functional groups
of CdS nanoparticles were founded using FTIR. Surface morphology and paticle size of CdS nanoparticles were examined using TEM and HRTEM. The photocatalytic
degradation efficiency of CdS nanoparticles (pH 9, 10 and 11) on MB and RhB were analyzed using visible light irradiation.
Index Terms: CdS nanoparticles, Grain size, pH, Photocatalyst, Visible light.
————————————————————

1. INTRODUCTION
Nanoscale materials with large surface area have stimulated great
interest due to their importance in basic scientific researches and
potential technological applications [1]. Organic chemicals which
may be found as pollutants in wastewater effluents from industrial
or domestic sources, must be removed or destroyed before
discharge to the environment The increased public concern with
these environmental pollutants has prompted the need to develop
novel treatment methods Thus, one of the major advantages of the
photocatalytic process over existing technologies is that there is
no further requirement for secondary disposal methods with
photocatalysis gaining a lot of attention in the field of pollutant
degradation. Recent years, II-VI nanocrystalline semiconductor
materials have been under deep research owing to their
stimulating exclusive properties, which are absent in bulk
materials since nanoparticles have a wide number of surface
atoms than that of bulk [2-5]. Cadmium sulphide (CdS) is one of
the significant II–VI semiconductors and an essential
technological material. It has attracted considerable interest
because of its appropriate band gap energy of around 2.4 eV, and
a high optical absorption coefficient having potential applications
in optoelectronic (light emitting diodes, lasers, transistors, etc.),
photovoltaic or photosensitive devices [6,7]. Many researchers
investigated the effect of solvents, surfactants and pH on
semiconducting metal and metal oxide nanomaterials, which
plays a significant role to change the structural, optical and
magnetic properties [8-10]. In particular, the effect of pH strongly
influenced the shape, size and photocatalytic activity of the
materials [11]. Many processes have been developed for the
synthesis of CdS nanostructures, e.g. spray pyrolysis,
hydrothermal, solvothermal, sol-gel and sonochemical methods
etc.,
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Compare with the above methods, the wet chemical (chemical
precipitation) method is one of the most promising and simplest
techniques, in which the particle size, morphology, and surface
chemistry can be controlled by the processing parameters such as
sol composition, pH, reaction temperature and pressure, ageing
time, and nature of solvent involved in the process. Hence, in the
present investigation consists of structural, morphological, optical
and photocatalytic properties of CdS nanoparticles synthesized by
wet chemical route. To the best of the author’s knowledge this is
the first preliminary report about the role of pH on structural,
optical and photocatalytic properties of CdS nanoparticles by
simple wet chemical route.

2. EXPERIMENTAL PROCEDURE
2.1. Material
Cadmium acetate dehydrate Cd(CH3COO)2.2H2O, sodium sulfide
(Na2S.2H2O), for source materials for CdS. The chemicals were
purchased from Merk, India. All the chemicals used were of
analytical grade and were used as received without any further
purification.
2.2. Preparation of CdS nanoparticles
In a typical synthesis, aqueous solution of 1.305 g of 0.1 M
cadmium acetate dehydrate Cd(CH3COO)2.2H2O was dissolved in
50 ml of deionized water. Aqueous 0.1 M Na2S solution was also
prepared. Na2S solution was added drop wise into the cadmium
acetate solution with constant stirring. To this mixture, 20 ml of
ethanol was further added and allowed for 6 h stirring. The pH of
solution was maintained at different value by adding NH 4OH
solution. The pH variation was done by adding the agent under
drop by drop to fix the specific pH values such as 9, 10 and 11 by
using Hanna pH 211/213 pH meter. During this process the drop
rate must be controlled in order to maintain the chemical
homogeneity. The entire solution turned into yellowish orange in
color and further allowed to stirrer for 48 h which in optimized
aging period of the growth process. The dark green final products
were washed thoroughly with the organic solvents (acetone,
ethanol) and dried at 160 oC in a hot air oven and preserved in
moisture free container. The different pH assisted CdS samples
such as 9, 10 and 11 are named as P9, P10 and P11 respectively.
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2.3. Characterization techniques
The structure and average grain size of the samples were analyzed
by using X-ray patterns of the powders and were recorded using a
Bruker D8-ADVANCE diffractometer (Cu Kα radiation: λ
=1.5418 ˚A). TEM was recorded with JEM2100 model. High
resolution electron microscope was recorded with accelerating
voltage of 200 kV. The elemental analysis of the samples was
analyzed by EDS spectra (JEOL Model JED – 2300). UV-VIS
absorption spectra were taken on a Perkin-Elmer Lambda 2
spectrometer. Photoluminescence spectra of the samples were
recorded using PerkinElmer LS 55 spectrometer equipped with a
He-Cd laser source, Excitation length used was 325 nm. The
functional groups were analyzed by using Fourier transformed
infrared spectra (FT-IR), which is collected using a 5DX FTIR
spectrometer.
2.4. Photocatalytic setup
A specially designed photocatalytic reactor system made of
double walled reaction chamber of glass tubes was used for
photodegradation experiments. A 300W xenon lamp as the light
source and the control of the reaction bottle of the plane window
20 cm from the xenon lamp, the reaction using 420 nm high pass
filter to remove the ultraviolet light. The photocatalytic
degradation reactions of MB and RhB were considered from the
model pollutants. The 50 mg of the prepared photocatalyst was
mixed with 50 mL of aqueous solution containing the appropriate
dye (10mg/L for MB and RhB). Prior to reactions, the dye
solution with catalysts was stirred in the dark for 30 min to attain
the adsorption, desorption equilibrium. The concentration of the
aqueous suspensions (MB and RhB) in each sample was analyzed
using UV–Vis spectrophotometer at a wavelength of λmax. The
photocatalytic efficiency was calculated from the expression  =
(1−C/C0), where C0 is the concentration of dyes (MB and RhB)
before illumination and C is the concentration of dyes after a
certain irradiation time. The time interval of irradiation time was
20 min.
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Figure 1.1.a) Powder XRD pattern of CdS nanoparticles with
different pH b) Variation of grain size as a function of different
pH value of CdS nanoparticles
Table.1.1 shows the grain size, lattice parameter and volume of
CdS nanoparticles with different pH concentrations.
Grain size
Lattice Parameter
Volume
Samples
a(Å)
(Å3)
(nm)
P9

15

5.8367

198.83

P10

22

5.8401

199.18

P11

32

5.8496

200.16

3.2 TEM with EDS analysis
The TEM and HRTEM images of CdS nanoparticles are recorded
for different pH variation such as 9, 10 and 11 are shown in Fig.
1.2 (a-d). It is clear evident that the morphology of the CdS
nanoparticles in spherical shaped with slightly agglomerated
nanoparticles. Interestingly, CdS nanoparticles (sample P 11)
consist of a small spherical shaped particle along with few
nanoplates.

3. RESULTS AND DISCUSSION
3.1 XRD analysis
XRD analysis was employed to study the crystallographic nature
and grain size of the CdS nanoparticles. Fig. 1.1 a) shows the
powder XRD pattern of CdS nanoparticles at different pH value
such as 9, 10, and 11 using wet chemical method. From the fig,
all the diffraction peaks could be indexed to cubic structure and
the following miller indices (111), (220) and (311) are in good
accordance with the standard value (JCPDS card no. 80-0019).
No other impurity phases were detected in the samples, which
indicate the phase purity of the samples. There is no phase change
with the increase of pH value, but enhances the peak intensity.
Furthermore, the calculated lattice parameters (a=b=c= 5.8367 Å)
and volume (198.83 Å3) were increases with the increase of pH
value. In order to further confirm the improved crystalline nature
average grain size was calculated by using the Scherrer's formula
[12] and found to be 15, 22, 32 nm for pH ~ 9, 10 and 11 assisted
CdS samples respectively. For the clear sympathetic, we also
depict the graph between average grain sizes with different pH
values and the corresponding profile is shown in Fig. 1.1b).

Figure 1.2.TEM images of a) P9 b) P10 c) P11 d) corresponding
HRTEM and SAED pattern (inset) e) EDS spectra of P11
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This mixed spherical shaped and plate like nanoparticles appeared
only at pH level of 11. This result shows that the surface
morphology of the CdS nanoparticles is strongly influenced
because of pH level as well as chemical reaction under
precipitation route. The average particles size was found to be
around 15-35 nm, which is ingood agreement with the grain size
calculated from XRD results. Fig. 1.2 d) shows the HRTEM
image and SAED pattern (inset) of P11 sample. The HRTEM
image (Fig. 1.2 d) shows the clear lattice fringes of 3.36 Å, which
indexed as (111) planes of CdS. The SAED ‘halo’ ring patterns
confirm that both the P11 samples are polycrystalline in nature. In
material characterization, it is important to determine how an
element is distributed laterally and to find the inclusions on the
surface. Fig. 1.2 e) shows the TEM based EDS analysis of P11
sample. The spectrum confirms the Cd and S atoms are presented
in the sample.
3.3 UV-Visible spectra analysis
The optical band gap and characteristic absorption peaks of the
synthesized materials play a crucial role for their utilization in
photocatalytic activity. In view of this, the UV-Vis spectra of P9,
P10 and P11 samples were recorded in the spectral range 200-900
nm; the results are presented in Fig 1.3 (a). In P9 sample, the
absorption edge was found to be 480 nm, further it was shifted to
higher wave length side. This is probably due to decreasing band
gap of the samples. The shift towards 480 nm due to pH variation
from pH level 9 to pH level 11 is belonged to red shift. This shift
also gives the additional confirmation of increase in particle size.
It is clearly evidenced from XRD study. In order to further
confirm the band-gap of the samples we have plotted using tauc
relation. The absorption coefficient α may be written as a function
of the incident photon energy hν [13]:
αhν = A(hν - Eg)m
Where α is the absorption coefficient, h is the Planck’s constant, ν
is the frequency of incident light, Eg is the energy band gap of
material and m is the factor governing the direct/indirect, etc.
transition of electron from the valence band to the conduction
band. The indirect band-gap can be deduced from a plot of
(αhν)1/2versus photon energy (hν) [14]. The band-gap energy was
calculated as 2.58, 2.41 and 2.32 eV for P9, P10 and P11 samples
respectively. The decreasing band gap energy is due to Surface
Plasmon Resonance (SPR) effect and increases the grain size.
Hence, it was concluded that P11 sample may expect high
photocatalytic activity than other samples (P9 and P10).

Figure 1.3. a) UV-Vis spectra of CdS nanoparticles b) Band-gap
determination
3.4 Photoluminescence spectra analysis

Figure 1.4. Room temperature photoluminescence spectra of
CdS nanoparticles
Photoluminescence is a suitable method for photo absorption. The
luminescence property of the CdS nanoparticles has been
analyzed from the PL spectra. The excitation source used for PL
study is He-Cd laser. The excitation wavelength is assigned as
325 nm. The room temperature photoluminescence spectra of the
sample P9, P10 and P11 is recorded for the wavelength range
300–650 nm and it is shown in Fig. 1.4. It can be seen that there
are two emission bands appeared at 430 nm and 530 nm, which
belongs to blue green and green emission respectively. The blue
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green emission peak is due to electronic mediated transition such
as surface defect and decreasing the band gap. The green
emission peak is due to electronic transition from the conduction
band to an accepter level due to interstitials sulphur ions [15].
Moreover, the intensity of the peaks decreases with the increase
of pH value. The decrease in PL intensity is generally suppressing
the recombination of electron-hole pairs, which results in
enhancing the photocatalytic performance.
3.5 FTIR spectra analysis
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of CdS (P11) nanoparticles is greater than P9 and P10 samples
respectively. This indicates that P11 sample is more photo active
material than compared to others (P9 and P10). Further, the
degradation efficiency of the catalyst powders was investigated
under visible irradiation. Figures 1.7 & 1.8 show the temporal
degradation profile of MB and RhB using CdS catalyst powders
under visible light irradiation. After 100 min testing, the
degradation efficiency of MB was found to be 62 %, 73 % and
91 % for P9, P10 and P11 samples respectively. In the case of
RhB, similarly the degradation efficiency was found as 58 %, 68
% and 88 % for P9, P10 and P11 samples respectively. The
results suggest that P11 sample showed superior photocatalytic
performance towards MB and RhB dye solutions with compared
to other catalysts (P9 and P10). This could be due to specific
surface morphology (plate like) and smaller band gap energy of
P11 sample. In the practical point of view, stability and reuse of
the catalyst is most important factors.

Figure 1.5. FTIR spectra of CdS nanoparticles
Fourier Transform Infrared (FTIR) Spectroscopy is a technique
that provides information about the chemical bonding or
molecular structure of materials. Fig. 1.5 shows the FTIR spectra
of the sample P9, P10 and P11 is recorded in the wave number
range of 4000-400cm-1. In the higher energy region the peak at
3410 cm-1 is assigned to O-H stretching of absorbed water on the
surface of CdS. The presence of water is confirmed by its bending
vibration at 1620 cm-1 [16]. This presence of OH stretching
vibration is due to adsorbed water molecule from the atmosphere
on the surface of the sample. The peaks at 2355–2280cm−1 are
attributed to S-H stretching vibrations in the CdS nanoparticles
samples [17]. The band appeared around 620-650 cm-1 is due to
Cd-S stretching vibration [18].
Fig 1.6.UV absorption spectra of MB dye solution by using a) P9
and b) P11; UV absorption spectra of RhB dye solution by using
c) P9 and d) P11.

3.6. Photocatalytic studies
3.6.1. Absorbance and visible light driven photocatalytic test
A photocatalytic experiment for the degradation of MB and RhB
using CdSnanopowders as a catalyst was performed under visible
light irradiation. The evaluations of the UV lights spectra at the
wavelength of absorptions maximum during the degradation are
illustrated in figures 1.6 (a)-(d). The photo degradation of MB and
RhB was monitored as the normalized change in its concentration
also using degradation efficiency. From these figures, it could be
seen that the intensity of the adsorption peaks vanished drastically
as the exposure time increased, which is more pronounced in the
case of using CdS (P11) as a photocatalyst. Thereby the
normalized concentration change of MB and RhB in the presence

Hence, we conducted the cycling test of the prepared catalyst
powders. Fig.1.9 shows the recycle test of the prepared catalyst
powders under the same conditions. It was noticed that no
reduction in action for the initial three cycles was detected. In any
case, the photocatalytic action was diminished from 91 to 88.5
after seven cycles. The little decline in efficiency of the catalyst is
because of inadequate recollection and loss amid the washing
procedure.
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Figure 1.7.Temporal degradation profile of MB using CdS
catalyst powders under visible light irradiation.

Figure 1.9.Recycling test of MB; a) P9 and b) P11; Recycling
test of RhB; c) P9 and d) P11 under visible light irradiation

Figure 1.8.Temporal degradation profile of RhB using CdS
catalyst powders under visible light irradiation.

These observations have proved the deactivation of photocatalyst
under the reaction conditions. Fig. 1.10 shows the photocatalytic
mechanism of CdS under visible light irradiation. Generally, with
the presence of visible light irradiation, the electrons absorb
energy and move from the valence band to the conduction band,
which results in the electron-hole pair generation [19]. After 100
min irradiation time, it was observed that in the conduction band
the electrons reacting with oxygen undergo reduction processes
and produce superoxide radicals, and it further produces the OHradical which degrades the organic pollutants of MB dye [20].The
electron transfers to the adsorbed MB molecule on the particle
surface. Furthermore, the holes react with water and generate the
OH- radical, which can oxidize the organic pollutants of the MB
dye [21]. Moreover, the P11 sample with specific morphology
and smaller band gap energy could release electrons in the
conduction band of CdS being responsible for the generation of
supplementary electron-trapped hydroxyl radicals which are
further involved in the photocatalytic process.
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Figure 1.10. Schematic representation for photocatalytic
mechanism of CdS catalyst under visible light irradiation.

4.CONCLUSION
We have successfully synthesized CdS nanoparticles by a facile
wet chemical route under different pH value. XRD patterns show
that prepared CdS nanoparticles will appear crystalline nature
with cubic structure. The morphology of the CdS nanoparticles
was changes from spherical to plate like with the increase of pH
value from 9 to 11. The optical band gap has been observed to
decrease with the increase in the pH value. The UV and PL
results suggest that CdS have found positive potential applications
in light emitting diode and visible light photocatalyst. EDAX
spectrum again supported that CdS with high purity. The
photocatalytic experiment confirms that photo degradation
percentage of MB and RhB increases with increase of pH value.
All the results obtain in the photocatalytic experiment confirms
that the prepared CdS nanoparticles for pH-11 are an effective
photocatalyst for degradation of various chemicals and dyes.
Moreover, the simple and facile way to achieve highly efficient
photocatalyst with promising applications in environmentalrelated purification processes and energy conversion.

References
[1].

U. Manzoor and D.K. Kim, J. Mater. Sci. Technol. 23
(2007) 655.
[2]. A. Henglein, Chem. Rev. 89 (1989) 1861.
[3]. A. P Alivisatos, Science. 271 (1996) (1996).
[4]. H. Weller, Adv. Mater. 5, (1993) (1993).
[5]. C. Petit and M.P. Pilleni, J. Phys. Chem. 92 (1988)
2282.
[6]. T.Y. Zhai, X.S. Fang, Y. Bando, B. Dierre, B.D. Liu,
H.B. Zeng, X.J. Xu, Y. Huang,X.L. Yuan, T. Sekiguchi
and D. Golberg, Adv. Funct. Mater.19 (2009) 2423.
[7]. S.P. Mondal and S.K. Ray, Appl. Phys. Lett. 94 (2009)
223119
[8]. J. Gajendiran, and V. Rajendran, Mater. Lett. 116(2014)
311
[9]. N. Talebian, and H.S.H. Zavvare, J. Photochem.
Photobiol. B. 130 (2014) 132
[10]. K.M. Hyie, N.A. Resali, W.N.R. Abdullah, and W.T.
Chong, Proc. Eng. 41 (2012) 1627
647
IJSTR©2019
www.ijstr.org

