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A B S T R A C T   

CdS nanorods were successfully synthesized using a hydrothermal method and their photocatalytic degradation 
activity was tested on methylene blue (MB) at different pH levels. The synthesis of CdS nanorods was confirmed 
using various techniques including UV–Vis and FTIR spectrometers, X-ray diffraction (XRD), dynamic light 
scattering (DLS), and high-resolution transmission electron microscope (HRTEM). UV–Vis analysis showed an 
absorption peak at 385 nm in the CdS nanorods suspension. FTIR spectroscopy revealed the presence of different 
functional groups responsible for stabilizing the nanorods. TEM analysis showed that the particles had a rod-like 
morphology with crystallite sizes ranging from 2 to 10 nm, consistent with the DLS studies. XRD analysis 
confirmed the crystalline nature of CdS. A photocatalytic reactor was used to degrade methylene blue at different 
pH values, and the residual concentration was monitored using UV–Vis spectroscopy. The photocatalytic activity 
of CdS nanorods was found to be improved by adjusting the pH of the solution. The nanorods showed high 
efficiency in degrading methylene blue, with degradation performance of approximately 32 % and 35 % after just 
30 min under sunlight at pH 4 and pH 10, respectively. This research has potential applications in the photo
degradation of harmful pollutants in both industrial wastewater and domestic water supplies.   

1. Introduction 

Environmental issues related to organic contaminants and toxic 
water contaminants foster the sustainable applied and basic research in 
the discipline of environmental reclamation. Photocatalysis by semi
conductors provides an opportunity to completely eliminate toxic 
chemicals through its effectiveness and wide-ranging applications 
(Hoffmann et al., 1995). The majority of dyes manufactured by paper 
and textile industries are hard to degrade, owing to their relatively 
stable chemical structures and heavily contaminate potable water and 
irrigation systems in certain regions. Lately, sulfides of transition- 
metals, especially ZnS and FeS, were extensively investigated owing to 
their distinct catalytic abilities in comparison to TiO2 (Salem et al., 
2003; Chauhan et al., 2013). 

The photocatalytic properties occur not only in the photo reductive 
production of H2 from water and the photo reduction of CO2 (Fujiwara 
et al., 1998; Velanganni et al., 2018), but also in the photo 

transformation of various organic substrates such as the oxidative for
mation of carbon–carbon bonds from organic electron donors, cis–trans 
photo isomerization of alkenes, and the photo reduction of aldehydes 
and their derivatives (Yanagida et al., 1995). One strategy for enhancing 
the activity of particulate photocatalysts has been to reduce size of the 
particles down to the nanoscale (Wang et al., 1997; Dodd et al., 2006; 
Ganesh et al., 2017). The specific surface area increases on reducing the 
average size of particle and so the amount of active surface sites where 
formation of free radicals from the reaction of photogenerated charge 
carriers and adsorbed molecules takes place. However, reducing a 
photocatalyst’s particle size also accelerates the rate of recombination of 
surface charges. This means that as the particle size decreases, the 
particulate’s photocatalytic activity will not increase monotonically 
(Zhang et al., 1998). As a result, it is clear that achieving high activity of 
nano particulate photocatalysts necessitates a method of preventing 
recombination of surface charges. 

Lately, metal chalcogenides, like cadmium sulfide, have drawn a lot 
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of attention because of their likely uses in photoelectronic, optical, and 
photocatalytic degradation (Yang et al., 2005; Tang and Huang, 1995). 
CdS, a II-VI compound semiconductor, is the most suitable contender for 
detection of visible radiation because of its direct band gap of 2.42 eV at 
room temperature with a cubic and hexagonal wurtzite structure having 
lattice spacing a = b = c = 5. 83̊A for cubic and a = 4.21Å, c = 6.68 ̊A for 
hexagonal. Due to wide bandgap and stability, heterojunction solar cells 
employ CdS as window material to inhibit the recombination of charge 
carriers that in result enhances the performance of solar cell (Morales- 
Acevedo, 2006; Cheng et al., 2018). Additionally it is used in light 
emitting diodes, photodetectors (Wang et al., 2006), sensors (Ponzoni 
et al., 2006), and electrically operated lasers (Duan et al., 2003). CdS 
particles were effectively synthesized using a range of media, including 
non-aqueous solvents (Rossetti et al., 1985; Rossetti et al., 1984), 
reversed micelles (Petit and Pileni, 1988), vesicles (Watzke and Fendler, 
1987), zeolites (Wang and Herron, 1987) and other methods (Ohtaki 
et al., 1996; Ahmad et al., 2023; Xie et al., 2011). 

This study reports a successful, easy and effective approach for the 
synthesis of CdS nanorods by adjusting the water/en ratio, via hydro
thermal method (Murray et al., 1993) using ethylenediamine as capping 
agent. The synthesized nanorods were characterized and then success
fully utilized as photo catalyst in the photodegradation of methylene 
blue as organic cationic dye at different pH levels. Methylene blue [3,7- 
bis(dimethylamino)- phenothiazin-5-iumchloride] is a blue cationic 
thiazine dye which was used as a model dye to evaluate the photo
catalytic activity of pure CdS nanorods. 

2. Materials and methods 

Dimethylamine was purchased from sigma Aldrich and used as it is. 
Carbon disulphide was purchased from Merk. Cadmium nitrate tetra
hydrate was purchased from sigma Aldrich. Ethylenediamine was pur
chased from Sigma Aldrich. Methylene Blue was purchased from Merck. 
Methanol, hydrogen peroxide, sodium hydroxide (NaOH) and hydro
chloric acid were purchased from Merck. Without additional purifica
tion, all chemicals were utilized exactly as they were received. 

2.1. Synthesis of CdS nanorods 

Synthesis of nanorods was done in three steps (Li et al., 2003). In the 
first step, ligand (sodium dibutylcarbamodithioate) is synthesized by the 
reaction of an amine and a sulfide precursor. 10 mL dibutyl amine was 
taken in a two-neck flask filled with 25 mL methanol. 2.36 g sodium 
hydroxide was added in this mixture and kept the stirring on. The 
temperature of this mixture was maintained at 0̊C. A solution of 3.56 mL 
CS2 in 8 mL methanol was added in this mixture at 0 ̊C. Upon addition of 
CS2, the color of solution turned to pale yellow. Reaction is given 
below: 

The second step was the synthesis of complex in which solution of 
9.10 g cadmium nitrate tetrahydrate in 15 mL methanol was added to 
the ligand. White precipitates were formed immediately. After 3 h of 
stirring the white precipitates turned to pale yellow color. This mixture 
was filtered and washed with distilled water and then methanol. After 
decantation, the complex was dried at room temperature. The powdered 
complex was then collected. Reaction for the synthesis of complex is: 

The complex formation between sodium dibutylcarbamodithioate 
and cadmium nitrate involves the coordination of the carbamodithioate 

ligand with the cadmium ion. Sodium dibutylcarbamodithioate is a 
chelating ligand that contains a carbamodithioate functional group. This 
ligand has sulfur atoms that can act as donor sites for coordination with 
metal ions. In the presence of Cd(NO3)2, the sulfur atoms of sodium 
dibutylcarbamodithioate can coordinate with the cadmium ions. 

In the third step synthesis of CdS nanorods was done. Briefly, 1 g of 
the complex was taken in a two-neck flask. 20 mL of ethylenediamine/ 
water mixture in 1:1 was added in it and stirred until the complex dis
solved. The temperature of the mixture was then increased gradually up 
to 140 ̊C for approximately 1 h. When color of the mixture changed, 
heating was turned off and temperature of mixture was brought to 0 ̊C. 
Change in color from pale yellow to deep yellow showed the decom
position of the complex. Upon cooling, the mixture was filtered and 
washed with methanol. To achieve uniformity, this mixture was stirred 
for 1 h in two-neck flask. After stirring, this mixture was again filtered 
and washed with methanol. This mixture was stirred again and then 
washed with methanol and then kept aside for few hours. After decan
tation, the cadmium sulfide nanorods were dried at room temperature. 
Finally, the nanorods were dried in a furnace at 500 ̊C. Here the en is 
used as caping agent in the synthesis of CdS nanorods due to its unique 
properties and its ability to influence the growth and morphology of the 
nanoparticles. en can effectively passivate the surface of CdS nano
structures, preventing the agglomeration of nanoparticles and reducing 
surface defects. This passivation improves the stability and dispersibility 
of the nano-rods, leading to enhanced performance in various applica
tions. Photo corrosion is a common phenomenon and Cd materials are 
very sensitive towards photo corrosion. en coordinate with the surface of 
CdS nanorods, forming a protective layer that acts as a barrier against 
photo corrosion (Ning and Lu, 2020; Ning et al., 2017). The synthesized 
nanorods were stored and then used for the catalytic application. 

2.2. Photocatalytic activity experiments 

The photocatalytic performance of CdS nanorods was evaluated by 
photo degradation of MB dye. The experimentation was performed in an 
open atmosphere under the light coming from sun. Under constant 
stirring, a 50 mL solution of MB (15 × 10− 6 M concentration) and 5 mg 
powder of the CdS catalyst was used to conduct the catalytic studies. For 
efficient photocatalytic reaction, the solution was continuously stirred 
to ensure thorough mixing and interaction between the catalyst and the 
dye molecules. pH of solutions was maintained by using 0.1 M solution 
of NaOH. At predefined time intervals (5 min), a 4 mL of the aliquot 
solution was taken out of the reacting mixture and centrifuged. The 
decrease in absorbance was measured by using UV–Vis 
spectrophotometer. 

2.3. Characterization of CdS nanorods 

2.3.1. UV–visible spectroscopy 
For UV–vis spectrum analysis, a Shimadzu UV-1700 UV–vis spec

trophotometer outfitted with tungsten and deuterium lamps was 
employed having the wavelength range of 190–1100 nm with 1 nm wide 
slit and the light source change wavelength was fixed at 340.8 nm. The 
sampling interval was 0.5 nm. Quartz cuvettes with a fixed path length 
of 10 mm were employed for spectral analysis. In this paper the UV–vis 
spectra of pure CdS and photocatalytic activity were investigated and 
reported. 
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2.3.2. High resolution transmission electron microscopy (HRTEM) 
Hitachi 80–300 kV TEM was used for determining the size of CdS 

nanorods. The resolution of TEM was 0.2 nm. 

2.3.3. Dynamic light scattering and zeta potential measurements 
Malvern Zetasizer Nano ZSP used for the measurements of the size 

through dynamic light scattering (DLS) and zeta potential (ζ) of dis
persions, the product of Malvern Panalytical technologies, UK, with 
Malvern Zetasizer Software (v7.13) which have a size range of 0.3 nm- 
10 μm and size range of 3.8 nm-100 μm (for zeta potential measure
ments). The observations were taken in distilled water at a temperature 

of 25 ◦C. The samples for DLS measurements were prepared by taking 
0.5 mg of CdS in 10 mL of distilled water. 

2.3.4. X-ray diffraction 
X-ray diffraction (XRD) pattern was recorded for CdS Nanorods using 

Bruker D8 Advance with (Cu) Kα radiation of wavelength λ = 1.5406 
\AA. The scan range 2θ was 20◦-70◦ with a step of 0.02 degrees and the 
generator settings were 30 mA at 40 kV. 

2.3.5. FT-IR spectroscopy 
FTIR studies were conducted on the Shimadzu FTIR-8400S 

Fig. 1. (a) UV absorption spectrum of CdS, (b) FT-IR spectrum of CdS, (c) DLS size distribution of CdS, (d) XRD pattern of CdS, (e) HRTEM image of CdS.  

S.-K. Chang et al.                                                                                                                                                                                                                               



Arabian Journal of Chemistry 17 (2024) 105422

4

Spectrometer having resolution of 0.85 cm− 1 and peak-to-peak S/N ratio 
of 20,000:1. To check the transmittance of CdS Nanorods, a range of 
500–4000 cm− 1 was employed. FT-IR was used to identify different 
functional groups present in CdS sample. 

3. Results and discussion 

Fig. 1 shows several characterizations like UV–Vis spectroscopy, FT- 
IR spectroscopy, Dynamic light scattering (DLS), X-ray diffraction 
analysis (XRD), and Transmission electron microscope image of CdS 
nanorods. UV–Vis spectrum (Fig. 1a) of CdS nanorods dispersed in water 
showed the broad absorption band at 385 nm showing enhanced visible 
light response potential. In spectrum, the band at 385 nm is due to 
surface plasmon absorption of cadmium sulphide. Absorption band at 
385 nm confirms the CdS formation (Mullaugh and Luther, 2010). Using 
optimum conditions, FTIR measurement was done to authenticate the 
bond structure of CdS particles. The infrared absorption spectra of hy
drothermally synthesized CdS nanoparticles, covering 4000 to 400 cm− 1 

wavenumber range, are shown in Fig. 1b. The peak at 3427 cm− 1 in the 
higher energy area is attributed to stretching of the O–H group of the 
water absorbed on surface of CdS. Methanol absorption contributes to 
the C-O stretching vibration, which gives its strong peak at 1108 cm− 1 

(Duchaniya, 2014). Frequency band at 1625 cm− 1 because of bending 
vibration, was assigned to O–H for the water. Absorption band at 622 
cm− 1 was consistent with Cd-S stretching bond (Acharya et al., 2010). 
Hydrodynamic diameter (Fig. 1c) of CdS, the average three measure
ments was found to be at 12 ± 5 nm. The hydrodynamic diameter al
ways greater than the actual diameter as it gives us the diameter of the 
sphere which includes the outer core present around the particles such 
as solvent molecules or any stabilizing materials (Saeed et al., 2021; 
Saeed et al., 2023). Zeta potential (Fig. 1; SI) of CdS, the average of three 
measurements was observed to be at − 28.5 ± 3.48 mV. As far as sta
bility is concerned the synthesized CdS were found to be very stable as 
zeta potential values > +30 and < -30 show good stability of the par
ticles, so there were no chances of aggregation (Abbasi et al., 2021). 
Fig. 1d. shows the XRD spectrum of CdS nanorods synthesized by hy
drothermal method. The XRD was taken at a scanning step of 0.020◦, in 
2θ range from 20◦ to 70◦ with mono-chromated Cu-Kα radiation (λ =
0.51418 nm). The XRD peaks’ distinct line broadening indicates that the 
synthesized material comprises of particles in nanoscale range. Peak 
intensity, position and width (Full Width at Half Maximum) (FWHM) 
data could be verified by analyzing XRD patterns. As reported in several 
research works, the diffraction peaks at 2θ are identified a hexagonal 
wurtzite phase of CdS which correspond to the following lattice planes 
(100), (002), (101), (102), (110), (103), and (200) respectively (Lee 
et al., 2010) and are compatible with reported ICDC(No.00–041-1049) 
file card. Any impurity related peaks that are present are a sign that high 
purity CdS nanostructure is developing. Sharp peaks signify good crys
tallinity in the product (AL-Mamoori et al., 2018). The strong (002) 
diffraction peak is stronger and narrower in comparison with other 
peaks which suggests a better growth along [001] hexagonal CdS 
crystallites. Parameters such as D-spacing and crystallite size calculated 
from XRD spectrum come out to be at 3.40A and 13.2 nm respectively 
with density of 4.82 g/cm− 3. 

Morphology and size of CdS nanorods are analyzed at the magnifi
cations of 100 nm, with the help of Hitachi TEM showing in Fig. 1e. In 
determining material’s shape and particle size, Transmission electron 
microscope is an effective technique. It can be seen from the HRTEM 
image that the surface morphologies take the shape of nanorods with a 
consistent shape over the whole observed surface. The nanorods in 
HRTEM image have an average particle size between 5 and 10 nm. 
Particle size calculated from TEM image by using ImageJ software is 
found to be averaged at 10 nm. Surface is smooth with clear boundaries 
except agglomerated points. All the above obtained results confirmed 
the synthesis of CdS Nanorods. 

3.1. Photocatalytic activity 

The irradiated semiconductor nanoparticles can efficiently eliminate 
several organic pollutants in the presence of air or oxygen. When light 
(hυ) activates CdS, electron-hole pairs are created that are potent 
oxidizing and reducing agents, respectively.  

CdS + hυ → h+ + e−

The redox reactions are represented as:  

OH− + h+ → ⋅OH and O2 + e− → O2
−

The hydroxyl radical, which is produced adsorbed water or adsorbed 
OH– and oxygen are oxidized, is the major oxidant involved in degra
dation of organic compounds (MB), and can stop hole-electron pairs 
from re-combining. The ultimate byproducts of the complete reaction 
include CO2 and H2O, among others (Zhao and Yang, 2003; Das et al., 
2011):  

MB + ⋅OH → products (CO2 + H2O + NH4
+ + NO3

− + SO4
2− + Cl− )          

Fig. 2 (a, b, c) show the absorption spectra of photo degradation of 
MB (5 × 10− 6 M concentration) solution containing CdS nanorods at 
different pH values under visible light. The degradation efficacy was 
used to track the photo degradation of MB as the normalized fluctuation 
in its concentration. As can be seen from these graphs, the intensity of 
the adsorption peaks declined steadily with increasing exposure time, 
with the effect being more pronounced when CdS nanorods were used at 
pH 10. As a result, after 30 min, the normalized change in concentration 
of MB in the presence of CdS nanorods had fallen by 50 % and the 
degrading efficiency reached 35 % in just 30 min. 

3.2. Effect of band gap on photocatalytic activity 

Fig. 3 shows the Tauc plot of the CdS nanorods with inset UV–Vis 
plot. It is crucial for a photocatalyst to have a small band gap in order to 
exhibit visible-light activity. The H2O/⋅OH (OH− = ⋅OH + e− ; E◦ = − 2.8 
V) couple’s redox potential must lie within the semiconductor’s band 
gap, which is another main standard of degradation the of organic 
molecules (Chirita et al., 2009). CdS nanorods’ band gap has a high 
correlation with their photocatalytic activity. Because of its narrow band 
gap, CdS is an effective absorber of visible light, therefore CdS shows 
high degradation efficiency (~35 % after only 30 min at pH 10). Along 
with band gap, size of particle, surface area, structure of the crystal and 
degree of crystallinity all affect how photogenerated electrons and holes 
are transported, which in turn affects how well photocatalyst functions. 

3.3. Why pH dependent photocatalytic degradation? 

Typically, one of the key factors that affects the photo-oxidation 
process for industrial waste water properties, is pH. The alteration of 
solid electrolyte interface’s electrical double layer, which has impact on 
the adsorption–desorption process along with the detachment of the 
photogenerated hole-electron pairs on catalyst particles’ surface, is what 
causes the pH to have an impact on the degradation rate (Franco et al., 
2009). Photo catalyst’s surface is positively charged in acidic solutions 
while in alkaline solutions it is negatively charged (Tang and Huang, 
1995). When the photo catalyst’s negative surface develops electrostatic 
interactions with the MB cations, it is anticipated that the photo
degradation efficiency of MB will improve with pH. Consequently, 
photocatalyst’s corrosion becomes negligible at high pH, making it most 
optimal for oxidizing organic molecules that contain sulfur (Davis and 
Huang, 1991). It is an extensively accepted process that in an acidic or 
alkaline solution, degradation of MB is brought on by solutions’ shift in 
hydrogen concentration towards higher pH. The outcome of MB pho
todegradation, though, varies with varying pH of the solution that 
contains MB and CdS as catalyst. To demonstrate this we conducted 
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photodegradation of MB in 3 distinct pH solutions in order to evaluate 
the impact of catalytic performance in acidic and alkaline solutions. The 
performance of cations of CdS along with MB resulted in a slight 
adsorption on the photocatalyst surface at pH 4 throughout 30 min. On 
the other hand, a significant amount of the MB was adsorbed at pH 10. 
At pH 7 an intermediate level of adsorption scenario was seen. 

3.4. Comparison of photocatalytic degradation 

The process of photocatalytic degradation makes it clearly evident 
that the absorbance declines steadily with increasing exposure time. 

Fig. 4(a) shows the photo-degradation & photocatalytic performances of 
CdS catalyst for MB dye’s photo degradation when exposed to irradia
tion. It demonstrates that the photocatalytic efficiency of CdS nanorods 
is much better at pH 10 then other two pHs under irradiation. Further, 
Fig. 4a. compares the photo degradation performances of the synthe
sized CdS nanorods at different pH of solutions on MB when exposed to 
UV radiations. It is examined from this comparative analysis that CdS 
nanorods display increased photo degradation performance at pH 10 
than pH 7 and pH 4. Fig. 4(b) depicts the linear fitting associated with 
the absorbance spectra of solution of MB dye which contains 5 mg of CdS 
photocatalyst. It is also noticed that photocatalyst with 5 mg concen
tration at pH 10 of solution is the most efficient degradation. The 
degradation efficiency of nanocomposite is also greater than the other 
two pH. The degradation performance can be estimated by using Eq. (1). 

η =
C0 − C

C0
× 100 =

A0 − A
A0

× 100 (1)  

Where C0 is the original dye concentration with A0 as the corresponding 
absorbance. Following the exposure time ‘t’, the dye concentration is ‘C’ 
with A as corresponding absorbance (Lai et al., 2011; Basit et al., 2023). 

For all the samples, Fig. 4(b) shows the ln(A0/A) plots against irra
diation time. 

With the use of linear regression and the first-order kinetic law ln 
(A0/A) = kt, degradation rate constants (k) were derived from the slope 
of the straight line (Ravichandran et al., 2014; Li et al., 2014). 

Table 1 displays the estimated k values together with the associated 
linear regression coefficient degree (R2) values. 

It is evident from k and R2 values that at pH 10 CdS nanorods show 
improved photocatalytic efficiency. Greater surface area, more reacting 
species (ions), and more active sites improve the effectiveness of pho
tocatalysis. In light of the previous discussion, it is deduced that the 
photocatalytic performance of CdS nanorods is significantly higher at 

Fig. 2. (a), (b), (c) Absorbance spectra of 50 mL Methylene Blue [5 × 10− 6 M] dye solution containing 5 mg of CdS Nanorods at different pH values.  

Fig. 3. Tauc plot of the CdS nanorods.  
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pH 10 as compared to the other two pH values. 

4. Conclusion 

Employing en as a template agent and coordination agent, the CdS 
nanocrystals were successfully synthesized by a hydrothermal process 
and tested their photocatalytic degradation of methylene blue (MB) at 
various pH. X-ray diffraction (XRD), dynamic light scattering (DLS), 
UV–vis and FTIR spectrometers as well as high resolution transmission 
electron microscope (HRTEM), all confirmed the synthesis of CdS 
nanorods. An absorption peak at 385 nm was observed in the CdS 
nanorods suspension’s UV–Vis spectra which is the characteristic LSPR 
absorption peak of CdS nanorods. The presence of different functional 
groups, clearly demonstrated by FTIR spectroscopy, was responsible for 
the stabilization of the CdS nanorods with absorption band at 622 cm− 1 

is compatible to Cd-S stretching bond. The results of TEM study sup
ported the findings of the DLS research by demonstrating that the par
ticles are synthesized on the Nano scale with rod like morphology 
having crystallites sizes in the range of 2–10 nm. The X-ray diffraction 
investigation indicated sharp peaks that are consistent with the crys
talline structure of CdS. Methylene blue’s (MB) degradation in a pho
tocatalytic reactor at various pH values was used to test the nanorods’s 
photocatalytic performance and UV–Vis spectroscopy was used to track 
residual concentration. The performance of CdS nanorods as photo
catalysts was enhanced by adjusting the pH of the solution while 
keeping the catalyst amount constant. From the analysis of pH change, it 
was observed that CdS nanorods exhibit a high effectiveness in 
degrading methylene blue. CdS nanorods’ band gap has a significant 
impact on their photocatalytic performance. Because of CdS’s narrow 
band gap, it is an effective visible light absorber, therefore CdS shows 
high degradation efficiency. The degradation efficiency of very small 
amount of catalyst at pH 4 and pH 10 after only 30 mins was about 32 % 
and 35 % respectively. This work can be very useful for the photo 
degradation of poisonous chemicals present in both industrial and do
mestic water. 
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