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Article Info Abstract

Keywords: Electrochemical Deposition, Cadmium sulphide CdS NPs thin films were synthesized by electrochemical deposition
P :"”’C;"“l)”w Degradation, CdS NPs using a two electrode, aluminum as the cathode (working electrode/substrates) and the
Thin Film.

inert graphite as anode (counter electrode). The electrolyte contained Cd (NO3)2.4H,0
(0.7 M), Thiourea (CH4N»,S) (0.7 M), and Sodium sulfate Na)SOy4 (0.1 M), and the PH
was adjusted to 8 with (0.1 M) KOH, increasing deposition time and current density led
thicker and higher-quality CdS thin film, obtained within the voltage range of 2-5 V. The
photocatalytic performance of CdS thin film was evaluated utilize methyl orange (MO) as
a model contaminant. A maximum decolorization efficiency of 90% was achieved for 5
ppm MO solution. The degradation followed pseudo-first-order kinetics according to the
© 2025 by the au- Langmuir-Hinshelwood model. UV-vis analysis in the existence of CdS NPs thin film. The
Structural and surface characterization using XRD, UV-Vis, EDX and SEM, confirming the
formation of well-defined CdS nanoparticales with good photocatalytic activity.
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1. Introduction

Because of its various applications, thin film attracted the attention of many researchers, such as those working on semiconnected devices,
photovoltaics, optoelectronic devices, electronic devices, radiation detectors, lasers, thermoelectric devices, and solar energy converters [1].
Photoelectrochemically (PEC) solar cells have been used, it may pay attention to the transformation of low energy to open broad research
horizons in the field of semiconductor conductor materials of appropriate cost, and recent research has shown that the cadmium chalcogenide
group (CdSe, CdS, CdTe) corresponds to this case [2]. The CdS material has a band gap energy of about 2.42 eV [3]. In low-cost solar cell
applications, polycrystalline electrodes are of economic benefit. Thus, this study focused on the CDS thin film in polycrystalline nature. A
number of researchers work in the field of investigating the photoelectrochemical property of CdS single crystal. A number of workers in
this field succeeded in depositing CdS thin films through the electrochemical deposition technique, that is, by using two electrical poles. In
this study, CDS films are prepared by the electrochemical deposition technique by two electrical systems on an aluminum substrate stainless
resistant, which enables the thin film for descriptive studies such as structural, surface composition, surface morphology, and electrical
properties. Photocatalytic Degradation [4]. For the semiconductor to be strong and effective in the degradation of different dyes, it must have
an appropriate energy gap with perfect absorption properties in the visible light range. Cadmium sulfide (CdS) nanoparticles from group
[I-VI semiconductor nanocrystals are considered the most proper binary semiconductor because they are a material with a direct and broad
band gap, are easy to prepare, and have a sufficient absorption coefficient, which makes them distinctive and of high value [5, 6]. Looking at
the photocatalytic characteristics you possess, CdS nanoparticles are at most utilized for the decontamination of several dye-contaminated
waters with other toxic materials [7-9]. Among a number of dyes, MO is very deleterious and widely applied in textiles, foodstuffs, paper,
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and skin manufacture [10, 11]. Use effectively in such a study. It is considered the liberation of MO in the ambience to pollute river water.
Therefore, it must be removed as an unwanted pollutant from water to be useful for use. The presence of these dyes in such places and
water can cause their risk to human health, as well as animals [12, 13]. Consequently, decolorization of MO is most essential in the water
decontamination process. Here, the factor that can affect photocatalytic activity is the CdS NPs thin film, through their size, structural shape,
energy gap, and surface space [5, 7, 9, 14, 15]. The prepared CdS nanocrystals have been characterized by Field Emission Scanning Electron
Microscopy (FESEM), X-ray Diffraction (XRD), UV-visible spectroscopy, and energy dispersive X-ray spectroscopy (EDX) during analysis
of structural properties. Then, absorption spectra and emission spectra are examined for the decolorization of MO dye in the presence of CdS
NPs thin film under a visible light lamp.

2. Experimental Method

The electrochemical method used to deposit a thin film of CdS NPs, by two electrode poles, In a 100 ml capacity cell, the aluminum pole is
used as a cathode (working electrode), and the inert graphite pole is used as an anode (counter electrode) (2 cm x 2 cm x 0.25 mm) for each
pole. The criteria used in this experience were included in Table 1. The pH used in this experience tends to the base a little using a KOH
solution to reach the pH=8. In this process, we will be obtaining the sediment as well as thin films of CdS NPs deposited on the cathode
aluminum plate electrode. During a 2-hour period of time at a temperature of 50°C and an electrical current preparation. The device used
in the operation is 5000 milliampere (mA) maximum current and 30 volts (V) maximum voltage (China) and is used in this method as a
magnetic engine in order to mix the materials by stirring. The distance was 2 cm between two plates. After the sedimentation process, the
substrate was cleaned with deionized water. Through the observation viewing, a very regular and quite adherent reddish-yellowish film of
CdS happens. In addition to a small deposit of CdS NPs, it is washed several times with deionized water, then with ethanol, to be dried at
60°C [16]. The calculated increase kinetics were studied via the variable precipitation parameters as the pH of the electrolytic bath and
precipitation time (min). Analyzed chemical bonding by EDX, XRD, and UV techniques. The thin film of CdS was further characterized by
FESEM.

Table 1: Material and measurement and parameters used in CdS NPs synthesis

Chemicals Parameters
Cd(NO3)2-4H20 (99% Thomas ,Indi) 0.7 M

KOH (99% Thomas ,Indi) 0.01 M
CH4N3S (99% Thomas ,Indi) 0.7M
NayS04 (99% Thomas ,Indi) 0.1 M
Deionized water 0.7 uS/em
pH 8
Temperature 40-50 C°
Current density 500 mA/m?
Al (2cm?) Cathode area 8 cm?
Graphite (2cm2) Anode area 8 cm?
Current density 4A
Voltage/time 2-5 V/120 (min)

3. Result and Discussion

The application of the electric field through the working and counter pole a formation of CdS thin film, the inert electrode (graphite) as anode,
which is considered the counter electrode, and the cathodic aluminum electrode (substrate), which is considered as the work electrode, use
Cd(NO3)2.4H0 as an electrolyte with a 0.7 M concentration, as well as thiourea (CH4N2S) with a 0.7 M concentration and sodium sulfate
(Na2S04) with a 0.1 M concentration. The electrolyte solution was a gradual addition from 0.1 M KOH to reach the base of pH=8. Before
the precipitation process, the smooth surface of the substrate is cleaned with deionized water. The distance used in this process between the
work electrode and the counter electrode was 2 cm?. During the sedimentation of materials, through the theoretical viewing of the electrolyte
solution and the electrical precipitation process, we notice the process of adhesion that sediments on the smooth surface of the aluminum
work electrode (substrate). With a sedimentation at the bottom of the electrical cell from the CDS yellow to reddish in a small amount, The
thickness of the thin film is increasing with the time period used for sedimentation. The film thickness was about 200 pum at 240 min as
precipitation time. The current intensity, which changed from 2 to 5 mA/cm? during the sedimentation process, was calcined at 200°C to get
purity and eliminate impurities.

3.1. X-ray diffraction XRD

Through the XRD test, the grain size was specified by the Scherer equation d=0.9A Bcos. The grain size was determined to be 10.7 nm, for
nanoparticals and thin film. More technologies have been used to determine the shape and size by using the FESEM test; it indicates the CdS
film formation uniformly on top of the aluminum plate with crystalline in nature [17]. can be visible in Figure 1. It display four strength
peaks in the 20 range, with values of 23.9°, 27.4°, 44.2°, and 66.9°. agree to JCPDS card number (96-900-8863), these peaks are the (100),
(101), (110) and (203) crystallographic planes. They aid gain the spherical shape of CdS NPs. The presence of these wide peaks suggests
that the granules exhibit either a high degree of amorphousness or fractional crystallinity. The dilation of the XRD peaks signal a small
particle size and a non-uniform divide of particle sizes [18].
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Figure 1: X-ray diffraction (XRD) for CdS thin film deposited on Aluminum substrates

3.2. Energy dispersive X-ray (EDX) spectroscopy

Figure 2 shows the typical EDX spectra of the designed CdS pattern. The EDX spectrum of the pure CdS specimen assures the chemical
purity of the specimen, with strong peaks attached to Cd and S being obtained.The percentage of the atomic weight of sulfur was 44.7%, and
the percentage of the atomic weight of Cd was 55.3%.
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Figure 2: EDX analysis of CdS nanoparticles. for each Cd and S in the model for (CdS) NPs, For Cd=44.7 atomic%, S=55.3 atomic%

3.3. UV-visible Spectroscopy

Optical properties of the prepared sample using UV-visible spectroscopy have been discussed in the range of wavelengths from 200 to 600
nm at room temperature. CdS nanoparticles’ optical absorption spectra as well as band gap (2.4 eV) are accounted for as in Figure 3. The
prepared nanoparticles’ optical bandgap was calculated through the Tauc equation, as given via equation (& hv=A(hv-Eg)n) [19].

3.4. Field Emission Scanning Electron Microscopy (FESEM)

The SM technology used the CdS samples prepared in the electrochemical method in Figure 4, where it was observed that the granules were
spherical in shape and that the molecules crystallized well and distributed with CdS nanocrystals, which were much aggregated, due to the
lack of capping agent in the composition process, and in this case it was observed that there was an excess in the size of the nanoparticles
(27.69-49.17 nm) [20].
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Figure 3: Absorption uv-visible spectroscopy spectrum (a) and bandgap (b) of CdS nanocrystals

Figure 4: FESEM images: Cross-section of CdS NPs As prepared (5 um), (3 pm), (1 pum), (500 nm) The size of the nanoparticles reached (27.69-49.17) nm

4. Photocatalytic Method

4.1. Effective visual particles of CdS with MO dye

The UV/Vis absorption spectra of MO are indicated in Figure 5. MO displays (2) special absorption peaks at 271 nm and 464 nm, which
agree with the “~N=N-" bonding for the azo group and the ring of benzene for MO, respectively, and MO possesses an orange color in the
absorption peak specified at 464 nm (Thomas Baker, Mumbai, India), (UV-1900i Plus spectrophotometer) [21].

Figure 5 Plot of absorbance as a function of wavelength (nm) for methyl orange concentration was 15 ppm (A max=464 nm). Figure 5
shows the color degradation procedure for the methyl orange (MO) solution under the influence of the ultraviolet radiation system only. The
test method contains 100 ml of a solution with a concentration of 15 parts per million. The empty experiment showed, under the ultraviolet
radiation without the presence of a photocatalyst, that the rate of direct photodegradation was minimal during a 240-minute treatment period.
UV rays the color removal can partially occur by physical absorption on the CdS nanoparticles after 240 minutes. So, the color degradation
depends on all of the absorption processes and photocatalysis of the CdS nanoparticles [22, 23].
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Figure 5: Absorption spectrum of MO dye

The MO is a wavelength of 464 nm. These results show that dyes are slightly affected by the ultraviolet radiation in the absence of a
catalyst. Methyl Orange solution (MO) was evaluated with the presence or absence of a thin film. An aluminum plate was used as a cathode
electrode, and the evaluation was made to study the efficiency of the thin films of CdS in photocatalytic activities. A surface with an area of 2
cm? was used as a catalyst of CdS thin film. As the nanoparticles were installed on it and adhered well, it was placed into a 100 ml beaker
of MO solution. The photoreactor equipment and mercury lamp (100 W) without cover glass as a source for UV irradiation were used to
determine the degradation efficiency degree of the time period from O to 240 min. By measuring absorption at 464 nm, the concentration of
MO was monitored in the aqueous solution. The PDE was studied according to Equation 1.

Photocatalytic degradation efficiency

C—-C
0

PDE(%) = % 100% (1)

Expressing MO concentration by C at the reaction time t (min),the initial concentration (mg/L) of MO is Cy. It found the photocatalytic
degradation rates of different dyes follow the Langmuir—Hinshelwood (L-H) kinetics model below Equation 2 [24].

dc kKC
yF=—=
dt 14+KC

@

where the reaction rate constant signaled k (mgL~".min—"); Adsorption coefficient the for the reactant is K (Lmg~"); latterly, the reactant
concentration is C (mgL~"). KC was be neglected, when it is the concentration C is much small with regard to unity, and the photocatalysis
can be simplified to an apparent pseudo-first-order kinetics Equation 3 and Equation 4 [25].

dc

- = kKC 3
7 3
G

In=2 = kKt = kopp X 1 @
c

where Kapp is the apparent pseudo-first-order rate constant min~ !

4.2. Degradation of MO dye in different concentrations

Figure 6 (a, b, c). show the process degradation of the MO solution, where this test uses a sample from the CdS NPs in the form of a thin film
scale 2x2 cm? as a stimulating factor, It was deposited on an aluminum plate. The CdS NPs were deposited on its surface with a thickness of
200 micrometers at 2 hours of sedimentation time. By the mass difference method, the thickness of deposited materials was determined. A
manual factory incubator has been used that contains a mercury lamp (Philips-Germany) without a cover. As a source of UV, at a distance of
15 cm from the sample, the MO solution was used with a 100 ml volume of the prepared MO dye at a 15 ppm concentration. The pH of
the solution was 7 at room temperature. Area of catalyst was (2x2 cm?) placed in a glass beaker, the blank experiment, or dark reactions,
where elimination of MO could happen by sorption due to CdS NPs and the residual -OH groups away from light, The photocatalytic
decolorization efficiency (PDE) is 21% of MO dye after 240 min of adsorption from the dark reactions. In the same way, the MO dye is
placed in the incubator with a concentration of 15 ppm with a size of 100 ml in the beaker, and the UV rays are used without using the
catalyst. The photocatalytic decolorization efficiency (PDE) is 34%, and all other parameters of the experiment remain unchanged. Various
concentrations are then used (5 ppm PDE=90%, 10 ppm PDE=83%, 15 ppm PDE=75%, 20 ppm PDE=69%, 25 ppm PDE=59%) below the
UV light ray with catalyst size (2x2 cm?). As it appears in Figure 6 (a), we can show the percentage of degradation reduced with rising
concentration of initial MO [26]. Linear relations among In (C/C,) and radiation time were view under various initial MO concentrations,
signaling that the reaction obeys pseudo-first-order kinetics Figure 6 (b,c).
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Figure 6: Effect of solution concentration on decolorization of MO (a) Photocatalytic degradation efficiency PDE %,(b) Linear relation between In(C/Co) and
radiation time (c) Degradation efficiency on concentrations cocentration

The process of absorption and photocatalytic degradation of MO is done at the same time on the nanoparticle thin film in the existence of UV
light rays. The results show that the photocatalytic degradation efficiency of low concentrations (5 ppm) is high (PDE 90%).The strength
of adsorption from the CdS nanoparticle thin film promotes the photocatalytic reaction across MO decolorization, and synergistically, the
adsorption and photocatalysis produce dye degradation. During the process of photocatalytic degeneration, the strong species that includes
superoxide radicals (e0; "), holes (h™), and hydroxyl radicals (¢OH) with strong oxidation capacity is formed through the interaction. To
discover the active species through photocatalytic operation, the effective €OH, such as known holes and e0, ™ scavengers, respectively,
During the photocatalytic decomposition process, it is combined with the MO solution in the court experience. In variance, the concentration
of 25 ppm has a lot passive impact on the degradation of MO, supported by the fact that the superoxide radicals were the predominant active
species. Thus, the main photocatalytic path can be offer. primarily, the photons with the energy higher than that of the CdS band gap are
absorbed onto the CdS surface. This results in the excitation of the electrons from the valence band (VB) to the conduction band (CB),
fabricating holes (hy, ™) at the valence band end and electrons (ec, ~) in the conduction band Equation 5. Therefore, ECB is able to interact
with the e02™ molecules to events oo~ Equation 6. eventually, the oxidized MO molecules by e02™ and degeneration products Equation 7.

cds+hv — CdS(hy ™ +ecp ) )
efcb+02—>H++0027 (6)
©02~ +MO — degraded products (N

4.3. Concentration effect on the rate constants (k,,,) of the degeneration of MO dye

Linear relations between In (C/Cp) and radiation time were observed under various initial MO concentrations, signaling that the reaction
followed a pseudo-1st-order reaction Figure 7. The rate constants (kapp min~ 1) for the degeneration method were 11, 20, 149, 88, 69, 58, and
45 % 10~ at dark reaction, UV absence catalyst, and different concentrations under UV lighting, with the following kept by all conditions of
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experiment: 5, 10, 15, 20, and 25 ppm effect of concentrations from initial MO, respectively [27]. with rising initial MO concentration, it was
observed lowering the rate constant of photodegradation. Probably that as the overall dye concentration increases, the aqueous concentration
of dye elevates, leading to reduced penetration of light through the solution onto the surface of the catalyst and consequently less production
of hydroxyl radicals, which are primary reactive species responsible for dye decolorization [28].

160 1 149
140 -
120 -
100 -

80 -+

K,, min-t x10+

dark uv 5ppm 10 ppm15 ppm20 ppm25 ppm
reactionabsence
catalyst Concenteration

Figure 7: The rate constants (kupp) for the decolorization process Kinetics of Photodegradation MO dye

Through kinetic studies conducted under optimal conditions, the rates of photocatalytic degradation for MO were evaluated: from a
concentration of initial dye of 5 ppm and a reaction time of 240 min, with all conditions of the experiment kept. The first-order kinetics
model was used for the degradation of MO over time, with the results presented in Figure 8. The adjusted correlation coefficients of R? point
t0 0.947, and the photodegradation efficiency (PDE) of 90% indicates a vigorous model suitable for use. The calculated rate constant (Kapp)
was 0.0149 confirming that the photocatalytic degradation operation takes on first-order kinetics. The high R? values demonstrate that the
first-order kinetic model reliably describes the fits the degradation behavior of MO.
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Figure 8: First-order kinetics for the degradation of MO dye at optimized parameters

4.4. The MO degradation at pH activity

The pH of the solution plays a crucial role in hydroxyl radical generation and thereby significantly influences the efficiency of dye
decolorization. The photocatalytic degradation of MO solution (5 ppm) under various pH values of 3, 7, and 10 was scrupulous in this
research in the existence of CdS NPs thin film Figure 9. The photodegradation efficiency at a pH of 3 and the linear relation among the
In (C/C,) and radiation time were obviously under various initial pH levels. The rate constants (kapp) for the degradation method reduced
from 0.43x 1072 min~! at pH 3 t0 0.29% 10~2 min~! at pH 7 and to 0.17x 10~2 min~! at pH 10. demonstrating that the photocatalytic
removal of MO was most efficient in the acidic media. An MO molecule with a sulfuric group normally exists as an anion. The isoelectric
point of CdS is near 5.5 [29, 30] the surface was positively charged in the acidic solution, which could promote the anionic MO sorption
during electrostatic interactions and next degradation and increase the sorption of dye anions. The adsorbed anions of MO could be oxidized
straight through hydroxyl radicals generated in the existence of a photocatalyst.
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5. Conclusions

In this study, nanoparticles were prepared for the CdS that was deposited on the aluminum pole to form a thin layer of nanoparticles of the
CdS (2x2 em?), and the thickness of the fine layer was 200 pm. And at the same time, a few sediments were obtained at the bottom of the
glass cell. Several tests have been conducted using different techniques to determine surface morphology and size of nanoparticles. The
structural characterization and surface morphology were studied by XRD, UV, EDX, and SEM. The thin film can be utilized effectively for
MO photodegradation efficiency under the UV light radiation. The photocatalytic operation obeys apparent pseudo-first-order kinetics. The
degradation of the MO solution was highly efficient in the acidic medium.
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