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In this study, ZnS-CdS nanocomposites were synthesized using a hydrothermal method to investigate their
photocatalytic activity. The X-ray diffraction (XRD) results confirmed the formation of hexagonal structure for
cadmium sulfide and zinc sulfide nanocomposites and the results of the scanning electron spectroscopy (SEM)
indicated that by adding ZnS to cadmium sulfide's structure the size of the nanoparticles decreases, which is a clear
sign of improved photocatalytic activity. Using absorption coefficient and UV-visible spectroscopy (UV), the band
gap of pure CdS was obtained as 2.7 eV, by adding the Zn content the gap will decrease. The photocatalytic activity
of prepared nanocomposites was studied by photodegradation of Rhodamine B (RhB) organic dye, and the
synthesized sample with 0.1 M of zinc solution shows a smaller gap and size. In the next step, cadmium sulfide
nanoparticles with different percentages of zinc were simulated and their HOMO-LUMO gaps were calculated by
Density Functional Theory (DFT). In comparison to the other well-known functionals, it was found that MO5 shows
a better agreement with experimental results. The computational results confirm that the sample with 10% zinc

content is a good candidate for photocatalytic activity.
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Introduction

It is known that the ground state of systems can be
determined using the density functional theory known as
DFT. Born-Oppenheimer approximation presents that the
most of molecular properties can be determined by
exploring the electronic structure of the ground state and
nuclear repulsion of a molecule. Ground state geometry,
potential energy level, thermochemistry, and other
physical and chemical properties are listed among these
properties. Kohn-Sham's density functional theory has
attracted more attention due to its features and advantages
over the correlated wave function theory (WFT) [1-3].
Due to its rational computational costs, it was widely used
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in different scientific fields. It is known that the accuracy
of DFT calculations is dependent on the exchange-
correlation (XC) function [4]. Although the density
functional theory works very well for some properties of
molecules such as strong interactions between atoms and
molecules, but in predicting some other properties such as
weak interactions, dispersion, and Van Der Waals
interactions, the DFT is not precise enough. In order to do
a detailed study of the energy, geometry, and thermal
properties of non-covalent interaction systems, numerous
studies have been performed to produce a better functional
[5-7]. For example, the well-known B3LYP (Becke, 3-
parameter, Lee—Yang-Parr) functional: 1- It has better
results for main group metals compared to transition
metals. 2- It systematically underestimates reaction barrier
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heights. 3- It is inaccurate for interactions dominated by
medium-range correlation energy, such as van der Waals
attraction, aromatic-aromatic stacking, and alkane
isomerization energies. Therefore, new functionals such
as M05 and MO06 are used. M06-class functionals depend
on spin-up and spin-down electron densities (i.e., spin
densities), spin density gradients, spin Kinetic energy
densities, and, for nonlocal (also called hybrid)
functionals, Hartree-Fock exchange. These functionals
have 4 subsets: (a) M06, a hybrid meta functional, is a
functional with good accuracy for transition metals, main
group thermochemistry, and barrier heights; (b) M06-2XX,
another hybrid meta functional, is not good for transition
metals but has excellent performance for main group
chemistry, predicts accurate valence and Rydberg
electronic excitation energies, and is an excellent
functional for aromatic-aromatic stacking interactions; (c)
MO6-L is not as accurate as M06 for barrier heights but is
the most accurate functional for transition metals (d) M06-
HF is One of the good functionals for accurate calculation
of the excited states of capacity, Rydberg, and charge
transfer with a minimum reduction of ground state
accuracy [8].

The bandgap is an important parameter in many
optical and photovoltaic applications of different
semiconducting systems. Based on the band gap, solids
are divided into three categories: Insulator (with an
extremely large band gap), conductor (almost zero band
gap), and semiconductor (medium band gap energy) [9-
11]. It is defined as the energy difference between the
lowest energy of the conduction band and the highest
energy of the valance band. This energy is also expressed
as the minimum energy required to separate one electron
from an N-electron system [12].

In theory, the value of electron affinity and ionization
potential was found from the difference between the
ground state energy of the N+1- electron system and the
N-1-electron system with N-electron system, but in
practice, it is obtained from the difference in the energy of
orbitals HOMO (Highest Occupied Molecular Orbital)
and LUMO (Lowest Unoccupied Molecular Orbital) [13-
16]. In the LDA and GGA forms of DFT, the HOMO-
LUMO gap equals the difference in the first derivatives of
total energy with respect to the number of electrons,
assuming that the total energy is a straight line between
the states with unity and zero occupation [17]. In recent
years, extensive research has been conducted using DFT
functionals in periodic and non-periodic embedded cluster
calculations to determine the band structure and other
fundamental properties of systems [9, 18, 19]. Also, many
other functionals such as many-body Green’s function
approximation (GW), the Bethe—Salpeter equation, as
well as time-dependent density functional theory (TD-
DFT), the calculated band gap is very precise. [20-22].
Also, researchers showed that the results obtained from
Kohn-Sham's calculations for the band structure are
different from the exact band gap [22]. B3LYP, PBEO,
HSE, etc. functional calculations lead to improving the
band gap value. It is shown that the historically first hybrid
density functional, B3PW91, leads to dramatically better
band gaps for the binary and ternary semiconductor
compounds that are of interest in photovoltaics and
thermo-electrics  [23].  Recently, by combining
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experimental and theoretical methods, the band gap of the
new class of materials were studied. In research by Hong
et. al. PrsxCaxSi1203:+xN1gx Was prepared in monoclinic
phase, and using the DFT method the band gap has been
reported about 3.6 eV that has good agreement with
experimental value (4.1 eV)[24]. In 2022, another study
was carried out, and the results determined that the GGA
and LDA methods do not provide correct values for the
gap, but a functional HSEO06 gives rise to an exact
electronic structure characteristics for semiconductors
[25].

A notable optical application of nanoparticles is their
photocatalytic performance in water purification. The gap
of a semiconducting photocatalyst is a critical parameter
in evaluating its degradation efficiency. Any decrement in
the gap size typically will increase the photocatalytic
performance [26]. Oxide and sulfide nanomaterials are
widely used in this field [27, 28], and among them, ZnS
[29], CdS[30] and the their composites are mostly used as
photocatalytic materials. The large band gap of ZnS
(3.72-3.77 eV) restricts its activity to the UV region.
However, it has demonstrated an excellent performance in
hydrogen generation due to its high photon-to-electron
conversion efficiency and significantly negative
conduction band potential, which is well above the proton
reduction potential [31]. To enhance the activity of these
nanoparticles in the visible region, they were combined
with different percentages of metal oxides or sulfides [32,
33]. Recent researches showed that by mixing the ZnS and
CdS [34], the photocatalytic activity of the composite will
certainly improve, and the degradation percentage
depends on the relative proportion of the two ingredients.
[33, 35, 36]. Considering the importance of the Zn
percentage in the prepared nanocomposites for their
photocatalytic activity, these nanocomposites must
ultimately be synthesized with various Zn concentrations
and this is a costly and time consuming process. While by
simulating nanocomposites with different molecular
ratios, the optimal material can be identified. In these
studies, the band gap and band edges of ZnS-CdS
nanocomposites with varying ratios were calculated using
DFT functionals such as M05, M06, B3LYP, M06-L, and

MO06-2X, and the results were compared with
experimental data.
Considering the fundamental similarities and

differences between the HOMO-LUMO gap and the band
gap, which arise from discrete molecular orbitals and
Bloch states in extended periodic systems, respectively,
and taking into account the size of our nanostructures, we
conducted a comparative analysis between the
experimentally measured band gap and the theoretically
calculated HOMO-LUMO gap.

I. Method

1.1.  Experimental

In this work, CdS nanoparticles and ZnS-CdS
nanoparticles were prepared using a low-cost
hydrothermal method. 0.1M of Cadmium acetate
dihydrate (Merck) and 0.1M zinc acetate dihydrate
(Merck) dispersed in 40 ml deionized water and mixed
together for 20 min under a magnetic stirrer. Then, the
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Table 1.

Miler index and related angle in XRD analysis

Semiconductor | 20° | Milerindex | Semiconductor 20° Miler index

Cds 24.90 (100) ZnS 24.90 (010)
26.90 002 26.90 (002)
28.1 (101) 28.1 (101)
36.50 (110 48.06 (110
46.72 (103) 51.78 (103)
48.06 (200)
51.78 (112

prepared suspension was subjected to ultrasound waves
for 30 minutes, after this step, 0.1M of Na,S was added to
the suspension drop by drop in 30 min, at the end, the
prepared solution was placed in an autoclave in 180°C for
24 hours. The synthesized nanopowders washed 5 time by
the water and dried under a temperature of 50°C in the
oven. For preparation, the pure CdS and ZnS-CdsS 0.05M,
without zinc acetate dihydrate and by 0.05M of zinc
acetate dihydrate all steps were repeated exactly with the
same procedure.

1.2.  Photocatalytic activity

In this research, Rhodamine B(RhB) has been used as
a pollutant to investigate the photocatalytic activity of the
prepared nanomaterials. 0.1g of the prepared nanopowder
was spilled in the 100ml of 10ppm solution of Rhodamine
B (RhB). The prepared solution was kept in absolute
darkness for 30 minutes to reach equilibrium, then it was
placed under direct SMD lamp 250W irradiation by
A>420nm. The temperature was fixed at 25 degrees
Celsius by a water circulation device. Then after 15
minutes of light irradiation, 4 ml of the original solution
was separated, and its nano-materials were deposited by
centrifuge and its UV-visible spectrum was recorded. The
main peak of RhB at 553 nm was checked after 15 minutes
and then remained added to the original solution, which
was done until the complete degradation of the pollutant.

1.3. Methodology

In our study, the spherical structure is designed in the
hexagonal phase of cadmium sulfide and ZnS-CdS
semiconductors with different Zn content, namely, 2.5%,
5%,10%, 15%, 20%, and 22.5% of Zn.

All calculations were performed using Gaussian16
software. Each of these 7 structures was optimized at the
same level of theory. Default settings were considered in
all calculations. In order to find the best functional,
Multiple functional including B3LYP, M05, M06, M06-L
and M06-2X, were employed in DFT calculations using
unique basis set, LANL2DZ. For converging the geometry
of the prepared structure, the SCF = (QC, novaracc,
noincfock) command has been used.

1.4.  Characterization

All samples were prepared using an ultrasound device
(JAPAN NASIR-IRAN). X-ray diffraction (XRD)
analysis was performed with a Philips X'Pert instrument
utilizing Cu Ka radiation (A = 1.5406 A). The absorbance
spectra were examined using a UV-1800 Shimadzu
spectrophotometer. The morphology and size effects were
analyzed with a MIRA3 FEG-SEM device.
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I1. Results and Discussion

2.1. XRD characterization

X-ray diffraction characterization is carried out to
check the phases and crystallinity of prepared
nanoparticles, so in Figure 1, the XRD pattern of prepared
samples has been shown. The pattern is matched by 96-
901-1664 reference code. In this process, CdS
nanoparticles were crystalized in hexagonal phases by
P63mc space group. Peaks of ZnS nanoparticles have
overlapped with CdS peaks and made the peaks sharper
Also, it has caused the displacement of some peaks, the
ZnS nanoparticles were synthetized in hexagonal phase
[37] within CdS structure. Miler indexes of CdS and ZnS
are presented in table 1.

(042) ! !
| |

(103) (112)
100yt (101) '

ZnS-CdS0.1M

Py

ZnS-CdS0.05M

intensity(arb.u.)

60
20(degree)
Fig. 1. XRD pattern of preparation nanoparticles.

2.2. UV-Visible spectroscopy

In order to investigate some optical properties of
nanoparticles, UV-visible spectroscopy was carried out.
These spectra were displayed in Figure 2. The absorption
spectrum of the samples (Fig. 2a) shows that the
absorption peak position is dependent on Zn content and
it will change by adding Zn to the CdS structure. In line
with previous studies, the absorbance spectrum of the pure
cadmium sulfide was shown at the wavelength of
233 nm.[38]. The absorption peak of the second sample,
which was prepared with 0.1 M Zn solution, is 247 nm,
and for the third sample, which was prepared with 0.05 M
Zn solution, is around 241 nm. This difference in the
absorption peaks can indicate the difference in the
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bandgap of the synthesized samples.

The band gap of any nanomaterial can be inferred
from absorption spectrum using different methods, one of
these methods which is widely used by scientists is Tauc
method. According to the Tauc equation, the absorption

coefficient o is defined as follows[39]:
_ 23034

t

o))

Where A and t are absorption and the thickness of the
sample, respectively. Then the band gap of semiconductor
was calculated using equation 2.

ahv = B(hv — E,)" )

Where hv is the energy of the photon, B is a constant
value and n is the power factor of the transition mode,
which is dependent upon the nature of the material, and in
materials with direct band gap n is considered to be 0.5.
As shown in Figure 2b, the band gap of a semiconductor
is equal to the x-intercept of the linear extrapolation of the
tangent to the (ahv)? versus hv plot in the appropriate
energy region. According to our results, the band gap of
cadmium sulfide is about 2.7 eV, which is slightly
different from the reported value of 2.4 eV [40, 41]. The
gap of the ZnS-CdS samples changed, while the sample
with 0.1 molar of Zinc content has a smaller gap in the
visible region of about 2.2 eV, and for the sample 0.5M,
the measured gap was 2.3 eV. It is clear that by varying
the zinc content of these nanocomposites, the band gap
changes, therefore by choosing the optimum zinc content,
we can reach better conditions for light absorption in the
visible region and improvement in the photodegradation
of the material under renewable energy sources, so their
properties are far better than the pure samples[41, 42].

2.3. SEM and DAX analysis
Scanning Electron Microscopy (SEM) is mainly used

2.0

to provide useful information on our specimens including
their  topography, morphology, composition and
crystallographic data and Energy-dispersive X-ray
analysis (EDAX) is used to determine the percentages of
their constituents, therefore our samples have been
analyzed with both techniques. The SEM results are
shown in Figure 3. All images are at the same scale bar,
200 nm. These images confirm the spherical shape of
nanoparticles and this fact has inspired us to simulate the
nanocomposites in the same shape. The grain size
distribution in our synthesized samples are presented in
histogram of SEM images. (Figure 4). The histogram of
SEM images (Figure 4) indicates the grain size
distribution in our synthesized samples, the dominant
grain size in CdS is 60 nm, while it decreases to 50 nm and
40-45 nm in samples of 0.05 and 0.1, respectively. It is
clear that samples with smaller size have better
photocatalytic activity[43]. So we expect that the sample
prepared with 0.1 M zinc is a good photocatalyst.

The results of EDAX analysis, Figure 5, proves that
the percentage of zinc in the sample 0.1 M is three times
higher than sample 0.05 M.

2.4. Photocatalytic activity

Organic dyes have been used to investigate the
photocatalytic activity of prepared nanomaterials. Organic
dyes such as RhB were used as pollutants. In the current
study, 100 mg of prepared nanopowders was dispersed in
100 ml of 10 ppm RhB solution by ultrasonic bath waves.
Then the solution was placed in the dark for half an hour
until the system reached the absorption and desorption
equilibrium, in the next step the suspension was exposed
to SMD light irradiation at 25°C. After 30 minutes, 4 ml of
solution was separated from the beaker and after
centrifugation and separation of nanopowder, the
absorption peak of RhB was measured with Shimadzu's
UV-1800 spectrophotometer. Figure 6 shows the
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Fig. 2. a) Absorbance spectra and b) Gap calculation of samples.
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Fig. 3. SEM image of nanocomposites. a) CdS, b) 0.05 M, c¢) 0.1 M.
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percentage of photodegradation of dyes under light. in
order to calculate the degradation efficiency of different
samples, the following formula was employed [44]:

1-A¢
Ao

Degradation Ef ficiency% = ( ) x 100 3)

Where A: is the concentration of the pollutant after
light irradiation and Ao is the initial concentration of the
pollutant. According to Figure 6a, sample 0.1 M zinc
which possess 16% zinc atoms in its structure, has a better
photocatalytic activity. i.e. 80% of RhB was degraded
after solution exposure to the SMD light for 120 minutes.
Considering smaller band gap and smaller size of

nanoparticles, these results were anticipated.

For more studies and detailed investigation of the
photodegradation of materials and identification of
effective nanostructures, the Langmuir-Hinshelwood
mechanism is used. The kinetics of the photocatalytic
reaction and the rate of degradation are better defined by
the Langmuir-Hinshelwood equation, which is expressed
as follows[45]:

= —K

In(5) = —Kappt 4)

Co and C are the concentration of the pollutant at the
first step and after the degradation, Kap and t are the
degradation rate and time. Since the natural logarithm of

30/Cas - 25 r\@ oosm - 0.1M
\\Q\x ZZ\SK 20 \\\\ .
25 \\\ 20 i \\\\Q\ \ & ‘
Lo IV iy mw @
10 N . ra
= e | mpy | s
20 40 60 80 100 30 { 50 60 70 80 30 4 50 60 70
Grain size(nm) Grain size(nm) Grain size(nm)
Fig. 4. Histograms corresponding to grain size distributions.
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Fig. 5. Energy dispersive X-ray analysis (EDAX) of the synthesized samples.
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Fig. 6. a) Photodegradation percentage of nanostructures, and b) kinetic of photocatalytic activity by Langmuir-
Hinshelwood equation.
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Fig. 7. a) The pure cadmium sulfide structure in the hexagonal phase b) the spherical Zns-CdS structure containing
2.5% of zinc, Zn atoms have been marked by a light blue color.

the concentration of RhB versus time is linear, then the
reaction type is first order and its slope yields the
degradation rate. The calculated degradation rates of
different samples are shown in Figure 6b. Compared to the
other samples, the 0.1 M sample exhibits the fastest
pollutant removal reaction.

I11. Theoretical method

The optical properties and photocatalytic performance
of the synthesized materials can also be investigated
through theoretical methods. In experimental section,
three nanostructures with different Zn content, namely
0%, 5% and 16%, were synthesized, The synthetic process
of these specimens are costly and time consuming, while
the simulations and the theoretical studies offers a more
efficient and cost-effective alternative for exploring their
properties, then, we have more flexibility to check the
dependence of the band gap of nanostructures on their Zn
content. Therefore, these nanomaterials were modeled
using ATK and VESTA Softwares in a small molecular
cluster scale. Their optical characteristics were analyzed
employing various computational methods.

Considering the hexagonal phase and spherical shape
of the synthesized nanomaterials which were confirmed in
our XRD and SEM studies, we had to keep these
characteristics in our computational inputs. The pure
cadmium sulfide structure in the hexagonal phase and the
spherical ZnS-CdS structure containing 2.5% of zinc are
presented in figure 7a and b, respectively. To minimize the
computational complexity of simulating larger systems,
the molecules were modeled at a reduced size of 20 A
(2 nm).

In molecular systems, electrons are distributed within
molecular orbitals, notably the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO). Consequently, the molecular energy gap
is formally defined as the energy difference between these
two frontier orbitals as follows [46-48]:

Eg = Erymo — Enomo ®)

Correspondingly, in a crystalline solid, electrons

occupy discrete energy levels, forming energy bands. The
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band gap is defined as the energy difference between the
valence band (VB), which is primarily filled with
electrons, and the conduction band (CB), where electrons
can move freely and contribute to electrical conductivity:
Eg =Eyp — Ecp (6)

Generally, the band gap is smaller than the HOMO-
LUMO gap. When multiple molecules are brought
together, intermolecular interactions cause molecular
energy levels to shift closer, leading to the formation of
broader energy bands. Consequently, in transition from a
molecule into a solid, the molecular gap transforms into
the band gap, which is usually smaller. The HOMO s
analogous to the valence band, while the counterpart of
LUMO is the conduction band in solids. In contrast to the
band gap, the HOMO-LUMO gap is defined in molecular
systems, particularly in finite systems such as single
molecules, clusters, and nanostructures. [49].

Moreover, the experimentally measured band gap of
our synthesized CdS is larger than the reported values for
bulk solids, directly indicating the presence of quantum
confinement and surface effects and confirming the
nanoscale nature of our synthesized samples [50].

Based on the aforementioned considerations, we are
convinced to compare the experimentally measured band
gap with the theoretical HOMO-LUMO gap. The input of
our simulation is not a single molecule but has a size of
approximately 2 nanometers, which can partially justify
our approximation.

The positions of the CB and VB edges play a crucial
role in hydrogen evolution reactions, as they determine
key reaction conditions. For a spontaneous reaction, the
CB edge must be equal to or more negative than the proton
reduction potential (H,/H*). Therefore, selecting an
appropriate semiconductor is subject to two conditions:
(1) the band gap must fall within the visible range, and (2)
the VB position must be more positive than the oxidation
potential (H,O/O,). These two factors ensure sufficient
potential for oxygen production in the water-splitting
photocatalytic process[51].

The Hartree-Fock results are summarized in Figure 8.
According to HF results the calculated HOMO-LUMO
gap is about 7.53 eV which has significant difference with
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our experimental results, i.e. 2.7 eV. Therefore, the
Hartree-Fock method was replaced with more advanced
methods including B3lyp, M05 and MO06 in our
calculations.

This functional was employed to determine the band
gap of the modeled nanostructures. The MO5 results are
shown in figure 9(a). Fairly good consistency is seen
between our experimental gap for pure CdS, calculated
gap and its reported gap, 2.7, 2.47 and 2.4 eV,

Cds HF
2.0 T
3.0 T
£ =
& 50T 2
-6.0 T 0,/H,0
-7.0
-8.0
5o N
VB s
CB ===

Fig. 8. The calculation of gaps and CB and VB for CdS
using the HF method.

respectively. According to MO05 results, by embodying
zinc into pure CdS structure, the band gap will decrease.
This result was confirmed with our experimental findings.
For the sample containing 10% zinc, the band gap
decreased to 1.8 eV. However, in the sample with 15%
zinc, the band gap has slightly increased to 2.03 eV.
Figure 9(b) presents the band gap -calculations
obtained using the M06 method. The calculated band gap
of CdS has clear differnces with experimental values but
the trends of variation of the band gap with Zn content is
still valid in M06 method. As shown in Figure 9 (b), the
minimum band gap occurs on 15% Zn content. by
insertion of ZnS in CdS structure up to 2.5%, the band gap
increases and it remains almost constant for the structures
with 5% and 10% of Zn content, and and in the structure
with 15% zinc concentration it decreases, and again it rises
with further zinc incorporation. Both computational M05
and MO6 results, are inline with experimental findings,
which proposes that the nanostructure containing 15% of
ZnS will have the mimimal energy gap, therefore a higher
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Energy(ev}

photocatalytic performance is anticipated.

The most common hybrid functional, B3LYP was
exploited in the current study. As shown in figure 10, the
calculated energy gaps are in agreement with the
experimental value (1.7 eV). With the addition of zinc to
the structure, the band gap suddenly decreases about 11%,
and then it remains almost constant for structures
containing 2.5,5,10 and 15% of Zn. In structures with 20
and 22.5% of Zn content, this gap will increase to 1.6 eV.
Based on Figure 10, the samples with 10 % and 15 % zinc
are particularly suitable for the photocatalytic applications
due to their smaller band gaps and the favorable band
positions. These results further support the experimental
findings discussed in the previous section.

The results of the two other computational methods,

MO6-L and MO06-2X, are shown in Figure 11. None of
these methods provided an exact match for the band gap
value. The MO06-2X calculated the band gap to be
approximately 3.29 eV, while the M06-L yielded a value
of about 1.39 eV for CdS. As seen in Figure 11(a), the
MO06-2X method does not align with our expectations for
band gap calculations. Unlike the previous methods, in
MO06-2X calculations, the band gap increases with the
incorporation of zinc. Specifically, for samples containing
10% and 15% of zinc, the calculated band gaps were
approximately 4.47 eV and 3.45 eV, respectively which
are far beyond our expectations, Figure 11(a). In the M06-
L method, the band gap does not obey a single trend and
it simply fluctuates, Figure 11(b). Despite these methods
give a quite unrealistic results, but based on the position
of band edges and reduction and oxidation potentials,
MO06-L proposes that the structure with 10% zinc has a
better photocatalytic activity. The discrepancy between
experimental and theoretical values can be attributed to
various factors, including imperfections in experimental
results.
In practice, experiments may encounter challenges such
as manufacturing defects, misalignment, measurement
errors, uncertainties in instrumentation, and systematic
errors, all of these factors can contribute to the differences
observed between experimental and theoretical
outcomes[52].

IV. Future Directions

Application of the following listed ideas is proposed
for future studies.
Preparation of diverse nanocomposites based on
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cadmium sulfide such as Ag,S-CdS, MnS-CdS and etc
Experimentally and theoretically investigation of
Ag2S-CdS and MnS-CdS optical properties.
Molecular simulations at larger sizes and the use of
more advanced and accurate computational methods.
Simulation of various nanocomposites with different
doping percentages of graphene.

Conclusion

In this study, CdS-ZnS nanocomposites with varying
zinc content were synthesized using the hydrothermal
method. The crystallite size, grain size, surface
morphology, and band gap were characterized using XRD,
FE-SEM, and UV-VIS techniques. The results
demonstrated that the CdS-ZnS nanocomposites were
synthesized in the hexagonal phase at the nanoscale. By
increasing the zinc content, the calculated band gaps as
well as nano crystal size have decreased. These energy
gaps are in the visible region.

Experimental photocatalytic tests demonstrated that
the CdS-16%ZnS nanocomposite efficiently degraded
Rhodamine B (RhB) under SMD irradiation. Theoretical
calculations, showed that the MO05 functional has good
agreement with the experimental results, while it proposes

that CdS-10%2znS sample is a promising photocatalytic
candidate.
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TeopeTnyHi Ta eKCNIEPUMEHTAJNbHI JOCJIIKeHHS INUPUHHA 3200POHEHOT 30HH
OiHapHuX HaHOKOMNO3UTIiB ZnS-CdS sik HaliKpalKX 04iKyBaHUX
dorTokaragizaropis

Kagpeopa pizuxu, gpaxynvmem npupoonuuux nayx, Texnonoziunuii yuisepcumem Caxanoa, Tebpis, Ipan;
2X-LAB, Yuisepcumem Xaccenvma, Azopanaan, [Jinenbex, Benveis, shojaei@sut.ac.ir;
3Kagheopa nepedosux mexnonoziti, Yuieepcumem Moxazexez Apoabini, Hamin, Icnamcoxa Pecnybnixa Ipan;
*1Jenmp sacmocysanns ma docrioxcens pomonixu, Yuieepcumem I'asi, Anxapa, Typeuuuna;
SKageopa pomonixu, paxyromem npuxnaduux nayx, Yuicepcumem I'azi, Anxapa, Typeuuuna;
SKageopa ¢pizuxu, Vuisepcumem Moxaze Apoabini, Apdebins, Ipan

Hanoxommo3utu ZnS-CdS  CHHTE30BaHO TiJPOTEPMIYHUM METOAOM JUIS  JIOCHI/DKEHHS — IXHBOL
(doTokaTtamiTHYHOI aKTHBHOCTI. Pesynpraté peHrtreHiBcpkoi mudpakmii (XRD) migrepammm ¢(opMyBaHHS
reKCaroHaJbHOI CTPYKTYPH HaHOKOMIIO3UTIB CyJib(dimxy Kaamiio Ta Cynb(ily HHUHKY, a pe3yJbTaTH CKaHyH4Ol
enekTpoHHo1 criekrpockorii (SEM) mokazanu, 1o npu no7aBaHHi ZnS 10 CTPYKTYpH CyIbDiny KaaMmiro po3Mip
HAHOYACTHHOK 3MCHIIYETHCS, IO € UITKOK O3HAKOKW IIOKPAIIEeHOi (POTOKATAMITUYHOI AaKTUBHOCTI.
BukopucroBytoun koediieHT mnornuHaHHA Ta Y®-Bumumy cnektpockomito (Y®), BU3HAUCHO MIMPUHY
3abopoHeHoi 30HH ymctoro CdS Ha piBHI 2,7 eB; npu nomaBaHHI BMicTy Zn mumpuHa 3a00pOHEHOI 30HH
3MEHIIy€eThcd. POTOKATANITUYHY AKTUBHICTh OTPMMAHUX HAHOKOMIIO3WTIB BHBUYAIM HUIIXOM (oTomerpamamii
opraniuHoro OapBHuka pomaminy B (RhB). CunreszoBanuii 3pazok 3 0,1 M po34MHOM IUHKY MOKa3aB MEHIIIL
mupuHy Ta po3mip. Ha HactymHOMy erami Oyino 3MOIeNbOBaHO HAHOYACTHHKH CylbQimy Kaamilo 3 pi3HHM
BiJICOTKOBUM BMICTOM ITMHKY, a ixHi mupruan HOMO-LUMO po3paxoBaHO 3a JOMOMOTO0 Teopil (GyHKIIIOHATY
ryctuan (DFT). IlopiBHsHO 3 iHmIMME BijoMuMH (yHKIiOHaTamMu, BUsBIEHO, mo MOS5 mneMOHCTpye Kpairy
BIZIMOBIZHICTB 3 EKCIICPHIMEHTAILBHUMH pe3yJibTaTaMu. Pe3ynprati o6uncie b miaTBepIKyI0Th, o 3pa3ok 3 10%
BMICTOM UHKY € XOPOIINM KaHIUAATOM JUI (POTOKATATITHYHOT aKTUBHOCTI.

Kiouosi cioBa: 'inpoTepmanbHuii MmeTon, poToKaTaIiTHYHA aKTHBHICTh, pOAaMiH B, eHepreTyHa miijinHa,
Teopis PyHKIIOHATY T'yCTHHU.
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