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All solid-state fabrication strategy of CdS@ZnS nanocomposites 
and their photocatalytic performance in water purification

Abstract. Herein a systematic study of two-step solid-phase synthesis of CdS@ZnS nanocomposites and 
their photocatalytic activity is presented. First, CdS nanoparticles were synthesized in a planetary ball mill 
through a solid-state ion exchange reaction. In the second step, Cd2+ ions were partially replaced by Zn2+ ions 
at the surface of the nanoparticles using solvent free long-term activation in a high-energy planetary ball 
mill. The optimal activation time in a ball mill was determined to be 45 min. Spherical CdS nanoparticles 
with a diameter of 10 nm and modified CdS@ZnS (45 min) nanocomposites were characterized by X-ray 
diffraction analysis, Raman and UV-vis spectroscopy, and scanning electron microscopy. The ability of 
nanocomposites for photocatalytic water purification was tested on the degradation of the model organic dye 
Orange II in an aqueous solution under the visible light irradation. The modified CdS@ZnS nanocomposites 
showed higher photocatalytic activity compared to the original CdS nanoparticles.
Key words: solid-state synthesis; mechanochemistry; cadmium sulfide; zinc sulfide; photocatalysis; 
hydrogen evolution.

Introduction

Wastewater pollution poses a significant 
environmental and public health challenge globally 
[1]. Various human activities, including industrial 
processes, agriculture, and domestic sewage, 

contribute to the discharge of wastewater containing a 
range of contaminants into water. These contaminants 
include organic and inorganic pollutants, nutrients, 
heavy metals, and pathogens [2].

Photocatalysis has emerged as a highly 
effective method for wastewater treatment [3]. 
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Semiconductor photocatalysts, such as metal sulfide 
nanoparticles and binary, ternary nanocomposites 
based on them, harness light energy to initiate 
photocatalytic reactions that can efficiently degrade 
organic pollutants and remove contaminants from 
wastewater [4]. The photocatalytic process involves 
the generation of electron-hole pairs upon light 
absorption, which induces redox reactions and 
breaks down pollutants into less harmful byproducts. 
Semiconductor photocatalysts offer advantages 
such as high efficiency, versatility, and the ability to 
operate under ambient conditions [5, 6].

Nanocomposites based on CdS nanoparticles 
and their composites with other semiconducters 
have been recommended as strong photocatalysts 
in water purification and hydrogen production [7]. 
Their ability to absorb visible light enables efficient 
degradation of organic pollutants and removal of 
harmful substances from water. Additionally, these 
nanoparticles exhibit remarkable performance 
in photocatalytic water splitting, facilitating the 
production of clean and sustainable hydrogen gas. 
CdS@ZnS nanoparticles offer promising solutions 
for addressing water pollution and advancing 
renewable energy technologies.

Also, CdS@ZnS nanocomposites find 
applications in diverse fields such as solar cells and 
photovoltaics [8], optoelectronics and light-emitting 
diodes [9], as well as sensing and biosensing [10]. 
Their unique properties enable enhanced light 
absorption, improved charge transport, and efficient 
photocatalytic activity, making them promising 
materials for next-generation energy devices, 
environmental remediation technologies, and 
advanced sensing platforms [11].

There are many preparation methods of CdS@
ZnS nanocomposites such as aqueous synthesis [12], 
reverse micellar [13], microjet reactor technology 
[14], in situ synthesis [15], hydrothermal [16], 
chemical [11], microwave-assisted synthesis [17], 
electrosynthesis [18], microemulsion technique [19], 
and mechanochemical approach [20, 21].

The last one is of particular interest because 
mechanochemistry, the process of using mechanical 
force to initiate chemical reactions, offers several 
advantages in the field of chemistry [22]. Firstly, 
it enables reactions to occur without the need of 
using of toxic chemicals as precursors and high 
temperatures, making it environmentally friendly and 
energy-efficient. Secondly, mechanochemistry often 
leads to higher yields and purer products compared 
to traditional methods, reducing waste and improving 
overall efficiency [23]. Additionally, it allows the 

synthesis of compounds that might be challenging 
to produce using conventional methods, expanding 
the scope of possible materials and innovations in 
various industries [24].

In this work, the surface of mechanochemically 
synthesized CdS nanoparticles was coated with ZnS. 
CdS nanoparticles were co-milled with zinc acetate 
in a high-energy planetary ball mill for a long time. 
According to our strategy, Cd2+ ions from the surface 
CdS nanoparticles were replaced by Zn2+ ones. As a 
result, CdS@ZnS with high photocatalytic activity 
was obtained.

Materials and methods

Materials. Cadmium nitrate tetrahydrate 
(Cd(NO3)2·4H2O, Sigma-Aldrich, Taufkirchen, 
Germany), thiourea (CS(NH2)2, Sigma-Aldrich, 
Taufkirchen, Germany), sodium hydroxide (NaOH, 
Sigma-Aldrich, Taufkirchen, Germany), sodium 
chloride (NaCl, Sigma-Aldrich, Taufkirchen, Germany), 
zinc acetate dihydrate (Zn(CH3COO)2·2H2O, Sigma-
Aldrich, Taufkirchen, Germany), and Orange II sodium 
salt (C16H11N2NaO4S, Sigma-Aldrich, Taufkirchen, 
Germany) were of analytical grade and used without 
further purification.

Characterization. X-ray diffraction patterns were 
obtained on a MiniFlex 600 diffractometer (Rigaku, 
Japan) in a digital form using copper radiation. 
Sample analysis modes were as follows: X-ray tube 
voltage – 40 kV, the tube current – 15 mA, goniometer 
movement step size – 0.02 °, and step time 0.12 
sec. During shooting, the sample was rotated in its 
plane at a speed of 60 rpm. For phase analysis, the 
ICCD-PDF2 Release 2016 database and the PDXL2 
software have been used.

The study of optical phonon modes was carried 
out via Raman spectroscopy on a LabRAM HR 
Evolution spectrometer, Horiba Scientific (Japan), 
in the range of 100-2000 cm-1 (acquisition time – 
15 seconds, accumulation – 3) and a laser with a 
wavelength of 532 nm (objective – 10X, hole – 300).

A UV-2600i compact UV spectrophotometer was 
used to evaluate the absorption spectra in the UV-
visible region to determine the band gap energy of 
semiconductors.

The morphology and size of the prepared 
samples were investigated utilizing scanning electron 
microscopy (SEM). SEM images were obtained with 
the help of a scanning electron microscope ZEISS 
Crossbeam 540.

Mechanochemical synthesis of CdS/ZnS 
nanocomposites. The synthesis process of the ZnS 
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doped CdS NPs (CdS/ZnS) involved two primary 
stages. 

In the first stage, 0.8181 g of dehydrated Cd(NO3)2 
was used and activated alongside 1.0111 g of NaCl, 
which served as a diluent. Another component, 
(NH2)2CS 0.2634 g, underwent similar activation with 
0.6067 g of NaCl to create a homogeneous mixture. 
Subsequently, all reactants were placed in a ball mill 
for mechanochemical synthesis. The experiment was 
conducted in the presence of 0.1384 g of NaOH. 
The resulting CdS product was subjected to multiple 
washes with bidistilled water to eliminate unwanted 
by-products. Subsequently, the CdS nanoparticles 
were dried for 12 hours at 60 °C.

In the subsequent stage, 0.6350 g of Zn(CH3COO)2 
was also activated in the presence of 0.4045 g of 
NaCl. The activated product was combined with the 
pre-dried CdS from the first stage for mechanical 

activation, yielding the CdS/ZnS composite. The 
resulting product underwent a similar series of 
washes with bidistilled water and was then dried at 
60 °C for approximately 12 hours.

The mechanochemical experiments were 
conducted within the Activator 2SL ball mill 
(Activator, Russia). The specific experimental 
conditions were as follows: the rotational speed was 
maintained at 400 rpm, and the ball-to-powder ratio 
was set to 37, employing 10 mm diameter silicon 
nitride balls, with a total of 20 balls utilized. The 
grinding chamber’s volume was 100 mL, made from 
silicon nitride (Si3N4), and the milling was performed 
in air. The synthesis duration comprised two stages: 
the initial stage lasting 10 minutes and the subsequent 
stage 15, 30, 45 and 60 minutes.

The chemical reaction for both stages proceeded 
as follows:

1

2 2

Synthesis of CdS/ZnS (45 min) doped NiS 
nanostructures. To investigate the photocatalytic 
production of hydrogen, we incorporated a co-
catalyst, specifically nickel sulfide (NiS), to enhance 
the photocatalytic activity. Catalysts play a pivotal 
role in augmenting catalytic activity by efficiently 
collecting photoexcited electrons or holes [25]. In 
this study, we synthesized a NiS co-catalyst using 
nickel nitrate hexahydrate (Ni(NO3)2×6H2O) and 
sodium sulfide nonahydrate (Na2S×9H2O). We 
applied the NiS co-catalyst onto the surface of the 
photocatalyst during the deposition process, resulting 
in a composite material with approximately 1.5% 
NiS by weight, ensuring the presence of the requisite 
co-catalyst in the final material.

Photocatalytic experiments. The protocol 
of investigation of photocatalytic activity of the 
prepared nanocomposites was similar to our 
previous studies [26-28]. To study the photocatalytic 
properties of the resulting nanocomposites Orange 
II organic dye at a concentration of 20 mg/L was 
used. Specifically, 20 mg of the nanocomposite was 
transferred into 40 mL of an aqueous solution of 
Orange II. The experiments were conducted under 
visible light illumination using an Osram Vita Lux 
lamp (300 W) with a light intensity of 15 mW/cm². 
The lamp was positioned 20 cm above the model 

solution’s surface, and an organic glass cut-off filter 
was utilized to restrict irradiation to wavelengths 
above 400 nm.

Before initiating light irradiation, the suspensions 
were stirred in the dark for 60 minutes. Every 30 
minutes during this period, 2.5 mL of the suspension 
was taken to assess the adsorption-desorption 
properties between the photocatalyst and the model 
solution. Subsequently, light irradiation was started, 
and the extraction of 2.5 mL of the suspension 
every 30 minutes was conducted, to measure the 
degree of photocatalytic degradation. The absorption 
spectra were recorded with the help of a UV-Vis 
spectrophotometer (SF-56, LOMO, Russia). To 
ensure the accuracy of the obtained results, all 
photocatalytic tests were repeated two times.

The stability of the photocatalysts was studied 
over 5 cycles of Orange II degradation. After each 
cycle photocatalyst was washed with deionized water 
and reused in the next cycle. 

Hydrogen generation. The experiment utilized a 
flask-shaped reactor equipped with three necks and an 
external light source. A xenon arc lamp with a power 
rating of 300 watts served as the light source. This 
visible light source was positioned at a distance of 20 
cm from the reactor and was fitted with an ultraviolet 
filter with a threshold wavelength of λ = 420 nm, 
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restricting the range of wavelengths employed. The 
light irradiation intensity inside the photoreactor was 
maintained at 15 mW/cm².

In the photocatalytic experiment for hydrogen 
production from water, a CdS/ZnS composite doped 
with NiS was employed as the photocatalyst. For 
the preparation of the reaction solution, 10 mL of 
glycerin and 90 mL of bidistilled water were added 
to 30 mg of the photocatalyst. The mixture was 
dissolved using a magnetic stirrer to ensure uniform 
dispersion of the photocatalyst. To eliminate excess 
dissolved oxygen from the reactor, argon gas was 
introduced (with a purity of 99.99% by weight) 
through the reaction mixture. The argon bubbling 
process was sustained for 60 minutes at a 100 mL/
min flow rate. It is important to note that during this 
stage, the reaction mixture was shielded from light 
radiation. Once the bubbling process concluded, the 
light source was activated, and argon continued to be 
supplied at a rate of 5 mL/min. Argon also functioned 
as a carrier for the transfer of hydrogen produced as a 
result of the photocatalytic reaction from the reactor 
to a gas chromatograph (Chromos 1000, Russia) 
for subsequent analysis. The reactor maintained a 
continuous connection with the gas chromatograph 
in real time for the purpose of continuous monitoring. 
Hydrogen concentration measurements were 
taken every 30 minutes following the initiation of 
irradiation.

Results and discussion

XRD analysis. X-ray diffraction analysis was 
employed to investigate the crystal structure and 
phase purity of the synthesized nanocomposites. The 
presence of multiple diffraction peaks, exhibiting 
a broad profile in this spectrum can be attributed to 
the polycrystalline nature of the synthesized CdS 
nanoparticles [29]. Additionally, the indistinct 
background in the X-ray spectrum may be attributed to 
amorphous characteristics resulting from the irregular 
arrangement of lattice elements. The observed intense 
diffraction peaks align perfectly with the cubic phase 
of cadmium sulfide (JCPDS card no. 80-0019). The 
broadened peaks suggest that the particle sizes are 
within the nanoscale range [30, 31].

Furthermore, in the subsequent figure, it is 
noteworthy that the X-ray diffraction pattern of 
CdS/ZnS reveals additional peaks at 24.5° (111), 
44.5° (220), and 56.4° (311). The X-ray diffraction 
pattern does not exhibit peaks corresponding to 
the crystal planes of the standard cubic structure of 
ZnS. Instead, the peaks at the (111), (220), and (311) 
planes correspond closely to the standard cubic ZnS 
(JCPDS card no. 05-0492) [32]. No other phases were 
detected. Given the limited quantity of synthesized 
ZnS, it is possible that their peaks are concealed amid 
the CdS peaks, which strongly suggests the presence 
of a zinc-blende ZnS shell [33].
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Figure 1 – XRD patterns of the a) CdS and b) CdS/ZnS nanoparticles
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Raman spectroscopy. On Figure 2, the Raman 
spectrum of heterostructured CdS and CdS/ZnS 
nanocomposites is shown. For CdS and CdS/
ZnS nanocrystals, three characteristic peaks were 
equally observed at 297.9 cm-1; 598.1 cm-1 and 820 
cm-1, the corresponding second- and third-order 
overtones of the optical phonons 1LO, 2LO and 
3LO, respectively [34]. The obtained spectra of CdS 
and CdS/ZnS nanocomposites are not completely 
different in longitudinal optical phonon modes, but 

the intensity of the CdS mode is somewhat sharper 
[35]. The optical (LO) phonon peaks of ZnS at 353 
cm-1 may be lost between the larger peaks of CdS, 
which is similar to the report [36]. The observed LO 
Raman peak position aligns well with the reported 
LO phonon peak position characteristic of the cubic 
CdS structure. Additionally, no discernible peaks 
corresponding to hexagonal CdS were detected, 
providing indirect confirmation of the cubic zinc-
blende structure in the CdS microspheres [37, 38].
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Figure 2 – Comparative Raman spectroscopy of CdS  
and CdS/ZnS samples employing a 532 nm laser

UV-Vis spectroscopy. Figure 3 shows the UV-
Vis spectra of the mechanochemically synthesized 
CdS and CdS/ZnS samples. The results show that 
the absorption spectrum of CdS/ZnS lies higher than 
that of CdS. In order to find the band gaps of the 
synthesized samples, the Tauc plot method and the 
plot of (αhγ)2 versus photon energy (hv) were used. 
Additionally, the formula αhν=(hν−Eg)1/2 (1) was 
employed, where α is the absorption coefficient, hv 
is the photon energy, and Eg is the direct band gap 
energy.

The absorption edge of CdS synthesized 
mechanochemically is at 565 nm (2.29 eV) [30, 
39]. Compared with other CdS synthesis works, 
it is red shifted. It is believed that the shift in the 
absorption peak is obviously caused by the quantum 
confinement effect. The absorption edge of CdS/ZnS 

was at slightly lower wavelength, namely at 555 nm 
(2.33 eV) [40, 41].

SEM analysis. Cadmium sulfide nanoparticles 
have a size in range from 0.1 to 10 μm, as shown 
in Figure 4a. The nanoparticles are agglomerated 
into particles of different sizes, where the sizes 
range up to 10 microns. But these agglomerates are 
easily destroyed into individual nanoparticles when 
dispersed in water with ultrasonic radiation. When 
using nanoparticles as photocatalysts, the nanoparticle 
powder is dispersed in an aqueous solution. Cadmium 
sulfide nanoparticles were modified with zinc sulfide 
by solid-phase doping, and SEM images of prepared 
CdS/ZnS nanocomposites are presented in Figure 
4b. The morphology and texture of the CdS/ZnS 
nanocomposites are the same as cadmium sulfide 
nanoparticles before modification. 
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Figure 3 – (a) UV-vis absorption spectra; 
(b) band gaps of CdS and CdS/ZnS estimated by (αhυ)2 vs. photonenergy curve

Figure 4 – SEM images of (a) CdS nanoparticles and (b) CdS/ZnS nanocomposites

Figure 5 – SEM EDX spectrum images of (a) CdS nanoparticles and (b) CdS/ZnS nanocomposites
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SEM EDX spectrum images of CdS nanoparticles 
and CdS/ZnS nanocomposites are presented 
in Figure 5. CdS nanoparticles were fabricated 
without contaminations. Doping with zinc sulfide 

occurred only on the surface of cadmium sulfide 
nanoparticles, and since the mass fraction of zinc 
in the nanocomposite according to the SEM EDX 
spectrum is around 10.5 %.

Figure 6 – TEM images of (a) CdS nanoparticles and (b) CdS/ZnS nanocomposites

TEM images are shown in Figure 6. Agglomerates 
of cadmium sulfide nanoparticles are actually 
composed of smaller particles of about 10 nm in size, 
as shown in Figure 6a. After doping cadmium sulfide 
nanoparticles with zinc ions, the morphology and 
size of the nanoparticles did not change, Figure 6b.

Photocatalytic activity. The results of the 
photocatalytic activity investigation of the composites 
prepared after different time are given in Figure 7a. 
According to the graph, after the starting of visible 
light irradiation, the samples immediately began to 
decompose the organic dye. The highest ability of 
Orange II degradation was demonstrated by CdS/
ZnS (45 min) nanocomposite, indicating that 45 
minutes of mechanochemical treatment is optimal 
for manifesting photocatalytic activity. It should be 
mentioned that the difference in the photocatalytic 
activity among the nanocomposites was not so big. 
The activity of the samples decreased from left to 
right as follows: CdS/ZnS (45 min), degraded about 
99% molecules of Orange II → CdS/ZnS (30 min), 
(97%) → CdS/ZnS (15 min), (90%) → CdS/ZnS 
(60 min), (88%). The photocatalytic activity of the 
best photocatalyst, namely the CdS/ZnS (45 min) 
was compared with the bulk CdS (Figure 7b). As can 
be seen, CdS/ZnS (45 min) nanocomposite exhibits 
slightly worse activity.

The kinetics of the photocatalytic process was 
studied only for nanocomposites and depicted in 

Figure 7c. The order of the photocatalytic reactions 
was accepted as a pseudo-first-order reaction and the 
rate constants were found through the Langmuir–
Hinshelwood kinetics model [42]: 

(3)

where C0 and C are initial concentrations of the 
model solution in the moment of time t and k  
(min-1) is the rate constant of the process. The 
correlation coefficient R2

 served as proof of the kinetic 
order of decomposition of Orange II. The k and R2 
values are displayed in Table 1. Based on the data in 
Table 1 the k of the CdS/ZnS (45 min) is 1.34, 1.15 
and 1.68 times higher than samples prepared during 
15, 30 and 60 min, respectively, what indicates that 
CdS/ZnS (45 min) is a prospective candidate for the 
next study. 

In addition, the cyclic tests for all nanocomposites 
were conducted, as the stability of the photocatalysts 
is one of the important properties [43]. Consequently, 
the results of the study (Figure 7d) demonstrate 
that during the first three cycles, the activity of the 
samples remains almost unchanged, after which there 
is a slight decrease in photocatalytic activity. Such 
results can be explained by the washing of powders 
from suspensions during each sampling. In general, 
the produced nanocomposites are relatively stable.
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Figure 7 – a) Comparison of the photocatalytic activity of all nanocomposites; 
b) comparison of the photocatalytic activity of CdS/ZnS (45 min) nanocomposite and CdS, 

ZnS bulk materials; c) kinetic linear simulation curves for Orange II photocatalytic degradation by all nanocomposites;  
d) Cycling degradation efficiency of all nanocomposites

Table 1 – The k and R2 values of the CdS/ZnS nanocomposites

The sample k, min-1 R2

CdS/ZnS (15 min) 0.0384 0.98
CdS/ZnS (30 min) 0.0446 0.99
CdS/ZnS (45 min) 0.0516 0.99
CdS/ZnS (60 min) 0.0306 0.96

The obtained results were similar to the study [44] 
and the behaviour of the bulk material, CdS and ZnS 
nanocomposites is almost the same. However, the 
slight difference in activity among the nanocomposites 
of this study should be clarified. It is known, that 
mechanochemical synthesis leads to the formation of 

defects in the lattice of the material [45], which can 
play the role of the active centres that can improve the 
photoconductivity of electrons of semiconductors. 
Moreover, this method of synthesis provides the 
increasing of the surface area of the crystals and such 
systems exhibit heterogeneity [46]. Thus, the 15 and 
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30 minutes duration of the mechanosynthesis, seems 
not enough for the formation of the needed amount 
of active centres on the surface of CdS and ZnS, 
while the duration of 60 minutes leads to the rapid 
recombination between electrons and holes, which 
retard the flow of photocatalytic reactions. This is 
why the 45-minute duration of mechanosynthesis 
produced the most photocatalyticaly active material.

Analysis of the literature sources revealed that 
photocatalyst based on CdS and ZnS were prepared 
by various methods. Table 2 provides a summary of 
methods and conditions for producing CdS and ZnS-
based materials and their photocatalytic properties, 
including light source, type of organic dye, efficiency 
and rate constants. As can be seen from the data, the 
most time-consuming methods are solvothermal, 
precipitation, chemical precipitation, and 
hydrothermal. Most of the photocatalysts from the 

Table 2 are used for photodegradation of Methylene 
blue (MB), Rhodamine B (RhB) and Methyl orange 
(MO). In general, all methods represented in Table 
2 produced photocatalyst with high efiiciency. 
However, some of them require the use of toxic 
precursor, like Na2S, which in addition easily catches 
the water, or methods represented by the complexity 
of execution where it is necessary to maintain certain 
conditions, such as temperature, concentration or pH. 
For example, the use of Thioacetamine (TAA) as a 
source of sulfide ions, as in [47], is complicated due 
to the fact the process requires constant monitoring 
of the pH of the medium, since the rate of formation 
of sulfide ions decreases with a decrease in pH [48]. 
The approach presented in this study is represented 
by simplicity and environmental friendliness, and the 
photocatalysts with high efficiency can pre prapred 
in this way. 

Table 2 – The photocatalytic experiments of CdS@ZnS nanostructures prepared with different approaches on the degradation of 
organic dyes

Synthetic method
Experimental 

conditions Precursors Light 
source Dye Photocatalytic 

efficiency

Rate
constant
(min-1)

[Ref]
Time T (°C)

Solvothermal 10 h 180 Zn(Ac)2, CS(NH2)2 - Methylene blue
(MB) 88.5%@12h - [49]

Ion adsoprtion 10 min 290
Cd(Ac)2·2H2O, 

Na2S·9H2O, 
Zn(Ac)2·2H2O

UV
Rhodamine B 

(RhB) 96.1%@35 min 0.0190
[50]

MB 99.6%@35 min 0.0720

Chemical 
precipitation

4 h RT Cd(NO3)2, H2S, ZnCl2 Vis Acid blue (AB-
29) 86.5%@90 min 0.0006 [51]

9 h 80 CdCl2×2H2O, 
CS(NH2)2, ZnS UV Congo red 98% - [52]

Solvothermal & 
Precipitation 24 h 170 Cd(NO3)2×4H2O, CS2, 

Zn(Ac)2×2H2O
UV

MO
(Methyl 
orange)

77%@75 min -

[47]Pyronin B 
(PyB) 66%@75 min -

RhB 84%@75 min -
MB 85%@75 min -

Hydrothermal 12 h 140 CdCl2×5H2O, 
CS(NH2)2, Zn(Ac)2

Vis MO <95%@60 min 0.0625 [42]

Microwave-assisted 38 min 40 Pectin, NaOH, 
Cd(Ac)2, TAA Vis RhB 98.7%@120 

min - [17]

Two-step synthesis 3 h 180 Cd(Ac)2, Na2S, 
Zn(Ac)2, 

Vis MO <90%@90 min 0.0208 [44]

Sonochemical 40 min RT Zn(Ac)2, TAA, CdS, 
NaOH, UV MB 42.6%@80 min - [53]

Mechanochemical 45 min RT

Cd(NO3)2,
(NH2)2CS, 

NaOH,
Zn(CH3COO)2

Vis Orange II <99%@60 min 0.0516 this 
work
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Hydrogen evolution by water splitting. Figure 8 
displays the results of a photocatalytic experiment 
aimed to measure hydrogen evolution reaction (HER) 
using a photocatalyst. The experimental analysis 
involved monitoring the hydrogen release over a 
duration of 210 minutes. The obtained data reveals 
that the rate of hydrogen evolution when employing 
NiS-doped CdS/ZnS (45 min) photocatalyst 
exhibited an initial increase within the first 30 
minutes, followed by a stabilization trend up to 180 
minutes. The analysis indicates that the maximum 
rate of hydrogen evolution occurred at 19.3 µmolg-

1h-1 at the 120-minute mark. These findings suggest 
the existence of a synergistic effect and a direct 
correlation between the particle sizes of CdS and 
ZnS and their photocatalytic activity. These results 

imply that the high surface-to-volume ratio and the 
presence of defect sites at the photocatalyst interfaces 
play pivotal roles in enhancing the catalytic activity 
of nanostructured semiconductor composites. 
Additionally, the close interaction between CdS and 
ZnS particles emerges as a crucial factor contributing 
to enhanced photocatalytic activity [54]. Beyond the 
180-minute mark, a decrease in hydrogen evolution 
is observed, attributed to the rapid recombination 
of electrons in the conduction band and holes in the 
valence band of CdS [55]. It is also noteworthy that 
ZnS exhibits limited absorption of visible light due to 
the excitation of certain defect states within the band 
gap [56]. These findings provide valuable insights for 
the design and optimization of photocatalytic systems 
for hydrogen production.
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Figure 8 – Photocatalytic hydrogen generation performance  
of CdS/ZnS sample synthesized in 45 min

Conclusion

In this paper, a new facile solvent-free 
technology for the production of CdS@
ZnS nanocomposites was demonstrated. This 
composite was obtained by partial substitution 
of Cd2+ ions by Zn2+ ions on the nanoparticles 
surface during mechanochemical reaction. The 
new solid-state method has several advantages: the 

method is environmentally friendly, economically 
beneficial and easily scalable. The fabricated 
CdS@ZnS nanocomposites have increased 
photocatalytic activity and are suitable for use in 
water purification from organic pollutans under 
the visible light irradiation. The scientific results 
of the conducted research open up the possibility 
of creating and producting the new doped metal 
sulfides nanocomposites for various purposes.
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