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Abstract. The successful synthesis and thorough characterization of
CdTe/ZnS nanocomposites using the solvothermal method are presented in
this work, along with their use as effective and sustainable catalysts for the
degradation of organic dyes. WWs spectroscopy is used to analyze the
formation of developed materials. The successful engineering of optical
properties through nanocomposite formation is demonstrated by the
systematic variation in band gap energies from CdTe (1.94 eV) through the
composite (2.28 eV) to ZnS (3.63 eV). The formation of sphalerite ZnS
and cubic zinc blende CdTe phases with an average crystallite size of about
30 nm was verified by Xay diffraction analysis. Spherical nanoparticles
with sizes between 20 and 80 nm were found using scanning electron
microscopy.Congo Red and Rhodamifedyes were used to assess the
catalytic performance in the presence of NaBH4 using psfst@rder
kinetics. With rate constants of 0.02923 min! for Congo Red and 0.04902

min™ for Rhodamine-B, the CdTe/ZnS nanocomposite outperformed
individual CdTe and ZnS nanoparticles in terms of catalytic actiVing
enhanced performance astributed to synergistielectrorhole separation

at the CdTe/ZnS interface. The reusability of the nanocatakgsealed

that the efficencys withstandfor the nexthree cycles without a noticeable
change in morphology. This type of heterostructurepresents a
promising nanomaterial for environmentakmediation applications in
efficient organigollutantremoval.

1 Introduction

The exceptional catalytic capabilities and distinctive quantum mechanical properties,
semiconductor nanoparticles have become revolutionary materialsniironmental
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applications, radically changing approaches dtiuion remediation. Due ttheir special
guantum confinement effects, tunable band gaps, high stidfacBume ratios, and
remarkable electron transfer properties, semiconductor nanopartespecially VI
compounds like zinc sulfide (ZnS) and cadmium telluride (Célrgve shown remarkable
potential as catalysts for dye reduction. Smaller quantum dots exhibisiifted (higher
energy) absorption properties, while larger dots exhibitsteffed (lowerenergy)[1]
characteristics due to the quantum confinement effect in these nanostructures, which
enables precise band gap engineering through size cafn®lhas a broad band gap (3.7

eV in bulk) without longterm chemical stability and corrosion resistance under severe
reaction conditions, whereas CdTe nanopatrticles have a narrow band gap (1.5 eV in bulk)
and good electron mobility.

Through the textile industry alone accounting for20% of industrial water pollution
worldwide and using about 93 billion cubic meters of water per year, environmental
contamination by organic dyes from textile, pharmaceutical, and industrial processes has
become a major worldwide concern. The scope of this issue is astounding: over 3600
different textile dyes are produced worldwide, using over 8000 chemicals in different stages
of textile processing; 72 hazardous chemicals have been found in waterssgztdusively
from textile dyeing operations, 30 of which cannot be eliminated using traditional treatment
techniques. The discharge of carcinogenicazo dyes, which make -tj®%0of all
industrial dyes, has a detrimental effect on ecosystems, communities, and public health in
some areas where textile wastewater contributes 70% of surface water pollution [2].

Catalytic reduction with sodium borohyde (NaBH.) has drawn attention as a
sustainable chemical method that can successfully convert hazardous organic dyes into
innocuous, colorless products in ambient conditions. When both species are adsorbed on
the catalyst surface, the catalytic reduction mechanism works by transferring electrons from
BH4 ions to organic dye molecules. Rapid electron-hole recombination, a lack of active
sites for catalytic reactions [3], a propensity to aggregate into larger patticiereduce
surface area, and inadequate electron transfer efficiency for complex dye molecules are
some of the major obstacles that prevent individual semiconductor nanoparticles from being
used in practical applications. Effective charge separation and electron transfer are
fundamental challenges because, in the absence of effective catalysts, the reduction is
thermodynamically favorable but kinetically unfavorable due to the large redox potential
difference between electron donors (BH4™ ions) and acceptor dye molecules. The creation
of hetero structures is a groubdeaking strategy to overcome these constraints by
producing interfaces with improved stability against aggregation, more active sites, and
enhanced electron transfer pathways [4].

While the reduced dye products are usually colorless amines that are much less toxic
than their parent compounds, the catalytic reduction process using NaBH. is especially
environmentally benign because it yields hydrogen gas as-@robyct that may be
recovered and used. The kinetics of the reaction are pd$iesidorder [5]. When NaBHa is
in excess, treatment processes with sdefined rate constants for process optimization can
be made predictable and controllable.The exceptional eledtmoating qubties of CdTe
and the chemical stability and large surface area of ZnS combine to form CdTe/ZnS
nanocomposites, an ideal catalytic system that greatly increases catalytic reduction
efficiency.

2 Experimental methods

2.1 Materials
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Cadmium acetate dihydrate (Cd(CHsCOO).-2H.0), zinc acetate dihydrate
(Zn(CH3COO)2-2H20), sodium  tellurite = (Na:TeOs), thiourea (NH2CSNH-2),
3-mercaptopropionic acid, ethylergdycol, oleicacid, hydrazine hydrate and Ammonia
solution All the chemicalswere purchasedrom SigmaAldrich Company and utilized as
receivedwithoutfurther purification.

2.2 Synthesis of CdTe nanoparticles

The schematic representation @dTe Nanoparticlesis presented in Fige 1. The
synthess is achievedy dissolving 1.1624 g (0.2 M) of cadmium acetatedihydiat25
mL of doubleddistilled water in a 100 mbeaker. In a separatessel, dissolve 0.126 g
(0.6 M) of sodium tellurite in 10 mL of doubletistilled water. Incorporate a stabilizing
agent such as-fercaptopropionic acid to ensuparticle uniformity and control over
crystallinity. Combine thestvo solutions and adjust the pH carefully to approximately 9
using a suitable base, wh facilitates optimal nucleation and growth of CdTe
nanoparticles. The resulting mixturetientransferred to a Teflehned autoclave, filled
to 70% of its volume, sealed, and subjected to solvothemaaiment at 160°C for 24
hours.Cooled to room temperatucentrifusedat 8000 rpm. The precipitate thoroughly
washedwith ethanol and distilled water to eliminatepurities and dried in a hot air oven
at 60°C for 8 hours to yielpurified CdTenanoparticle$6].

( Mercapto propanoic acid

\ ) ! |
oM oeN r\
Cadmium Sodium
Acetate Di + | Tellwidein | =—

hydrate in 25 10mL DI
mL DI water ‘water b
{

A B

Auto Clave at 160 degree Centigrade
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Cool to room temperature

Centrifuge at 8000 rpm

© = CdTe nanoparticles

Fig. 1. Synthesis of CdTeanoparticles

2.3 Synthesis of ZnS nanoparticles

Take 1.098g (0.2M) of Zincacetatedihydrate in a 100mL beaker and dissolved in 25mL
doubleddistilled water. In anothebbeaker, dissolve 0.4567¢g (0.6M) of thiourea in 10mL

of doubledwater. Mix the abovetwo solutions and add 2mL of ethylene glycol. Then
adjust pH of the mixture to ~8. Transfer the resulted solution into a Teflon lined autoclave
by filling up to 70% of itscapacity. Seal the autoclave and heatit to 160°C for 24 hours to
facilitate the reaction. Aftecompletion, allow the autoclave to coolrmom temperature.
Then collect the precipitate by centrifugation at 8000rpm by washiitg ethanol and
doubleddistilled water until the impurities are removed. The obtaipedderis then
allowed to dry by using a hot air ovender 60°C for 8 hours, yieldirgnS Nanoparticles

[7]. The formation of ZnS nanoparticles is described in the following flow diagram
presented ifrigure2.
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Dissolve 1.098g zinc acetate dihydrate
(0.2M) in 25mI DDW (100ml beaker)

1

Dissolve 0.4567g thiourea (0.6M)
in 10ml DDW (separate beaker)

1

Mix both solutions +2ml ethylene glycol
1

Adjust pH to 8 with base
<1

Transfer to tellon-lined
autoclave (70% full), seal

4
Heat at 160°C for 24 hours
4
Cool to room temperature naturally
1
Centrifuge at 8000 rpm to collect precipitate

1

Wash precipitate with ethanaol
and double distilled water

4
Dry at 60°C for 8 hours
1

ZnS nanoparticles formed

Fig. 2. Flow diagram oZnSnanopatrticles formatian

2.4 Synthesis of CdTe/ ZnS nanocomposites

Figure3 explains the flow chart of detailed synthesis of CdTe/ZnS nanocomposites. They
aresynthesized by dissolving 1.1624 g (0.2 M) of cadmium acetate dihydrate in 25 mL of
ethylene glycol under a nitrogen atmosphere to serve as the cadmium source. In a separate
vessel, dissolve 1.098 g (0.2 M) of zinc acetate dihydrate in 15 mL of ethylene glycol to
provide the zinc precursor. Separately, dissolve 0.126 g (0.1 M) of sodium tellurite in 10
mL of doubleddistilled water as the tellurium precursor, andaimother vessel, dissolve
0.4567 g (0.6 M) of thiourea in 10 mL of doublditilled water to provide the sulfur
source. Add the sodium tellurite solution into the cadmium precursor solution, followed by
the zinc acetate solution and then the thiourea solution, and stir thoroughly to achieve a
homogeneous mixture. Introduce 1 mL of hydrazine hydrate as a reducing agent and 2.5
mL of oleic acid as a surfactant to stabilize the nanoparticles, then carefully adjust the pH
of the mixture to approximately—8 by slowly adding ammonia solution. dmsfer to
Teflonlined autoclaveand hestd at 180°C for 18 hours aftéhe formation of the
CdTe/ZnS composite nanoparticles amblto room temperature, centrifused and washed
with ethanol and doubldistlled water to remove impurities. Finally, drigourified
CdTe/ZnS nanocomposite powder in a hot air oven at 60°C for 10 [8purs
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Fig. 3. Synthesis of CdTe/Znanocomposite

2.5 Methodology for catalytic degradation studies

For the catalytic studies, an aqueous solution of Rhodamine B at a concentration of 10* M

was prepared by accurately weighing 0.00479 g of the dye and dissolving it in
approximately 20 mL of doubldistilled water in a clean 100 mL volumetric flask. The
solution volume was then adjusted to the mark with the same solvent. Similarly, a 10* M
aqueous solution of Congo Red was prepared by weighing 0.00697 g of the dye,
dissolving it in doubleistilled water, and diluting the solution to 100 mL in a voluneetri
flask.

A 1072 M sodium borohydride (NaBH4) solution was freshly prepared by quickly
weighing 0.00378 g of NaBH: to minimize moisture exposure, dissolving it in
approximately 20 mL of chilled doublMistilled water to reduce decomposition, and then
diluting to 100 mL in a volumetric flask.

For catalytic degradation experiments, 10 mg of catalyst was added to a mixture of 2
mL of the 107* M dye solution and 1 mL of the 103> M NaBHa4 solution. The progress of
the dye degradation was monitored by recording absorbance at reguoiarute
intervalsusing a UWIS double beam spectrophotometéi.

2.6 Characterization techniques

To study the structural, morphological, elemental, and optical propeftisgnthesized
nanoparticles and compositethe following characterization techniques are uskeray
diffraction (XRD) analysis conducted aan Empyrean XRD systent&nning electron
microscopy (SEM) (JOEL, 5.0 kV LEDEnergy dispersive Xay analysis (EDAX Apex)
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operating at 15 kV with a resolution of 126.9 eV. Transmission electron microscopy (TEM)
(JEM-ARM 200F, 200 kV)Energydispersive Xray spectroscopy (EDX) on the TEM
instrument, spanning an energy range-ef ReV with a resolution of 256 x 256 pixels. The
optical properties andcatalftic activity were assessedy using UV-Vis double beam
spectrophotometer (Systronics 2206TS)

3 Results and discussions
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Figures 4, 5 & 6 shows UV absorbance, band gap studies andl dlignment.
CdTe/zZnS heterostructairexhibits Typd band,CdTe demonstrates a diregttical band
gap of 1.94 eV, ZnS shows wider band gaf.&8 eV. This configuration creates effective
energy barriers that confine both electrons and holes within the CdTe region, enabling
synergistic electrofnole separation at the heterointerface. Upon photoexcitation, excited
electrons rapidly transfer from CdTe to ZnS domains while holes remain localized in CdTe,
suppressing recombination processes and creating additional active sites for enhanced
catalytic performance, as evidenced by superior rate constants of 0.04902 min! for
RhodamineB degradation.

In Figure7 XRD analysis of CdTe, ZnS, and CdTe/ZnS nanocomposite sreveals distinct
peaks corresponding to their crystalline phases. The XRD analysis of CdTe nanoparticles
exhibits characteristic diffraction peaks at approximately 25.3°, 42.6°, and 49.0°,
corresponding to the (111), (220), and (311) crystal planes respectively, confirming the
formation of the cubic zinc blende structure, which matches wellwith the JCPDS card No.
15-0770. ZnS nanoparticles show prominent diffraction peaks at 28.5°, 47db%6a3f,
assigned to the (111), (220), and (311) planes of the hexagonal wurtzite structure, in good
agreement with JCPDS card No.-0566.The average crystallite size calculated using the
DebyeScherrer equation,

D=KA/(fcod)) where K = 0.9 (shape factor), L = 0.154 nm (Cu Ka wavelength), B is the
full width at half maximum (FWHM) in radians, and 6 is the Bragg angle , CdTe results in
a size of approximately 30.84 nm, indicating nanoscale crystallinity. The average crystallite
size for ZnS, derived similarly using the Scherrer equation, is 22.94 nm, reflecting high
structural order and uniformparticle size. The CdTe/ZnS nanocomposite exhibits peaks
close to those of CdTe at 25.2°, 42.4°, and 49.1°, demonstratingssfudcheterostructure
formation with retained crystallo graphic features. The composite shows an average
crystallite size of 28.73 nm, attributed to improved crystallinity due to synergistic
interactions of CdTe/ZnR.0].
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Fig. 7. XRD patternof CdTe, ZnSand CdTe/Zn®ianomaterials
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The SEM images o€dTe (Figure 8(a)) showisregularly shaped microcrystals, ZnS
(Figure 9(a)) showsmaller, uniformly distributed spherical nanoparticles, and CdTe/ZnS
(Figure 1@a)) showsZnS nanoparticles are walispased over the surface ofcdTe
microcrystals it shows quasispherical nanoparticles witlin average particle size ranges
from 2080 nm [11]. EDAX studiesconfirms the elemental comgtien and purity of
CdTe(Figure 8(b))showsof Cd (49.62 wt%, 52.79 at%) and Te (50.38 wt%, 4 ARA),
ZnS(Figure 9(b))Zn (62.7 wt%, 45.2 at%) and(87.3 wt%, 54.8 at%)CdTe/ZngFigure
10(b)) confirms the presence of Zn, S, Cd, and Te elements, with measured weight
percentages of S (25.5%), Zn (35.2%), Cd (16.5%), and Z&Y%®, supporting the
expected composition for the CdTe/ZnS hybridmateEEmental mappingFigure 10C,
C1-C3) shows homogeneous distributiaith cadmium appearing in redregions, sulfur in
green regions, tellurium in blue/cyan regions, and zinc distributed throughout the mixed
mapping areas, demonstrating successful incorporation of @dite and ZnS phases
within the nanocompositd 2].
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Fig. 10. (a) SEM, and(b) EDAX and (c&ctc4) elemental mappings of CdTe/ZnS nanocomposites

In Figure 11(a) TEM data shows thsubpanels, provides higlsolution imaging of
the CdTe/ZnS nanostructuresorphology and size distribution. The gray scaleM
images (SEIl) depict distinct, wedefined nanoparticles, revealing the nanocomposite
architecture with cleadifference between the CdTe and the Zn&rying eletron
densities. Theelemental mapping images l1to ¢4)) showsspatial distributions of
sulfur (S), zinc (Zn), cadmium (Cd), and tellurium (Te), which corsithe successful
formation ofheterostructureThe EDX spectrum shown in panel 11(b) plotsay counts
versus energy (keV), wheeach distinctive peak marks the presence of a spetdinent
zinc (Zn), sulfur (S), cadmium (Cd), and tellurium (Te)as ewdenby their labeled
positions. Multiple labeled peaks (CdL, ZnK, Tel, SK) for each element support the
accuracy of these assignments and verify the overall stoichiometryTH®lugh spatially
resolvedelemental mapping (11cl to cdhd comprehensive spectral validation (11(b)),
EDX provides both qualitative and semuantitative insights necessary for confirming
chemical composition, purity, and nanoscale distribution crucial paessndor the
advanced characterization of heterostructured materials
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Fig. 11. (a) TEM, (b) EDX, and(c1-c4) elemental mapping of CdTe / ZnS nanocompasites
4 Catalytic degradation studies

4.1 Congo red degradation

The catalytic reduction of Congo red over three nanoparticle systems CdTe, ZnS, and
CdTe/zZnS exhibited distinct reaction rates and efficiencies tied to their electronic structures
and interfacial propertieshown by Figure 12af).
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Fig. 12. a) Catalytic degradation and Kjnetic studies of Congo Red by using CdTe

CdTe, At t = 50 min, record the W¥is spectrum and read At, the absorbance at 497
nm. Remaining fraction = At/Ao =~ 0.28(At = 0.267, Ai=0.947). Compute reduction
(yield) as the percentage of dye removed: Yield % =[(At/Ao)] x 100 =(1 — 0.28) %

100 = 724. The pseudo-first-order rate law appropriate for dye reduction: —dC/dt = k
C,which integrates to In(Co/Ct) = k t. Because absorbance A « concentration C, plotting
In(Ao/At) versus t yields a straight line whose slope equals k. From the linear fit (y = a +

10
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b-x) shown in the figure: Intercept a = -0.05005 Slope b =0.01937 Adj. R? = 0.9242
hencek =0.01937 min'.
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Fig. 12. (c) Catalyticdegradationand(d) Kinetic studies of Congo Red by usiZgs.

ZnS, At t = 100 min, record the W¥is spectrum and read At, the absorbance at 497
nm. Remaining fraction = At/Ao =~ 0.669(At = 0.791 Ao=1.182). Compute reduction
(vield) as the percentage of dye removed: Yield % =[(At/Ao)] x 100 = (1 — 0.669) x
100 = 33%. Thepseudo-first-order rate law appropriate for dye reduction: —dC/dt = k C,
which integrates to In(Co/Ct) = k t. Because absorbance A o« concentration C, plotting
In(Ao/At) versus t yields a straight line whose slope equals k. From the linear fit (y = a +
b-x) shown in the figure: Intercept a =0.01335 Slope b =0.00360 Adj. R2 = 0.994, hence
k =0.00360 min".
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Fig. 12. (e) Catalytic degradatigand(f) kinetic studies of Congo Red by CdTe/ZnS composite.

The CdTéZnS heterostructure delivered the highest catalytic reduction perforitance
= 30 min, record the UWis spectrum and read At, the absorbance at 497 nm. Remaining
fraction = At/Ao = 0.42 (At =0.586 A.,=1.386). Compute reduction (yield) as the
percentage of dye removed: Yield % = {{At/Aq)] x 100 =(1—-0.42) x 100 = 5%. The
pseudo-first-order rate law appropriate for dye reduction: —dC/dt = k C,which integrates
to In(Co/Ct) = k t. Because absorbance A o concentration C, plotting In(Ao/At) versus t
yields a straight line whose slope equals k. From the linear fit (y = a + b-x) shown in the
figure: Intercept a =0.04526 Slope b =0.0292Adj. R2 = 0.98923, henck = 0.02923
min™!, demonstrating synergistic teractions where the ZnS passivates surface traps on
CdTe, prolongs charge-carrier lifetimes, and provides additional active sitedn this
heterostructure, electrons generated in the CdTe rapidly transfer to the ZnS and reduce dye
molecules at the interface, while holes remain confined in CdTe, minimizing

11
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recombination. These factors collectively accelerate electron transfer to Congo red and
enhance reduction rates, making [14] CdTe/ZnS the superior catalyst compared to
individual ZnS or CdTe in catalytic reduction applications.

4.2 Rhodamine - B degradation

The catalyticreduction of Rhodamiie over CdTe, ZnS and CdTe/ZnS nanomaterials
followed pseuddirst-orderkineticss depicted in Figure 13 {®.
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Fig. 13. (a) Catalytic degradatigrmand(b) Kinetic studies of Rhodamir® by using CdTe.

CdTe, At t =40 min, record the UWWis spectrum and read At, the absorbance at
~554.4 nm. Remaining fraction = At/Ao = 0.31(At = 0.269, A¢=0.85). Compute reduction
(yield) as the percentage of dye removed: Yield % =[(At/Ao)] x 100 = (1 — 0.31) %

100 = 69%.The pseudo-first-order rate law appropriate for dye reduction: -dC/dt = k C,
which integrates to In(Co/Ct) = k t. Because absorbance A o concentration C, plotting
In(Ao/At) versus t yields a straight line whose slope equals k . From the linear fit (y =a +
b-x) shown in the figure: Intercept a = 0.0733 Slope b =0.02779Ad]. R2 = 0.98226, hence
k=0.02779 min".
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Fig. 13. (c) Catalytic degradatigand d)Kinetic studieof RhodamineB by usingZnsS.

ZnS, At t = 120 min, record the W¥is spectrum and read At, the absorbance at
~5544 nm. Remaining fraction = At/Ao = 0.17(At = 0.455, Ao=2.562). Compute
reduction (yield) as the percentage of dye removed: Yield % = (&t/Ao)] x 100 = (1 —
0.17) x 100 = 83%.The pseudo-first-order rate law appropriate for dye reduction: —dC/dt =
k C, which integrates to In(Co/Ct) = k t. Because absorbance A o« concentration C, plotting
In(Ao/At) versus t yields a straight line whose slope equals k. From the linear fit (y =a +
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b-x) shown in the figure: Intercept a = 0.4521 Slope b =0.01299 Adj. R? = 0.90011,
hencek = 0.01299 min"'.
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Fig. 13. (e) Catalytic degradatioand(f) Kinetic studies of RhodaminB by using CdTe/ZnS
composite.

CdTe/zZnS, At t = 30 min, record the YVis spectrum and read At, the absorbance at
~5544 nm. Remaining fraction = At/Ao = 0.33(At = 0.519, Ao=1.566). Compute
reduction (yield) as the percentage of dye removed: Yield % = (&tt/Ao)] x 100 = (1 —
0.33) x 100 = 67%The pseudo-first-order rate law appropriate for dye reduction: —dC/dt
= k C, which integrates to In(Co/Ct) = k t. Because absorbance A o« concentration C,
plotting In(Ao/At) versus t yields a straight line whose slope equals k . From the linear fit
(y = a + b'x) shown in the figure: Intercept a = 0.03695 Slope b =0.04902 Adj. R2 =
0.9263, henck = 0.04902 min .

TheCdTe/ZnS nanocompositait performed both single components, delivering the
highest rateconstant [11]. Due to th&ynergistic electroshole separatioat the CdTezZnS
interface:excited electrons from CdTe rapidly transfer to da®ains, where they reduce
RhB molecules, while holes remain in CdTe, suppressing recombination and enabling more
active sites to participate in theaction [15]. Theyields % of CdTe/ZnS and CdTe appear
same, theshorter reaction time of the composite confirms its superitalyte speed,
makingit the most effective system for rapid RhBreduction in this comparison.

4.3 Reusability and stability studies

RhB degradation was used to test the stability and effectiveness of the developed
nanomaterials' reusability. Catalyst recovery using centrifugation at 8000 rpm and
meticulous washing with DI water in between cycles guarantees morphology preservation
and aggregation prevention in the reusability test. Catalyst durability and effective
recyclability in RhB reduction applications are visually confirmed by SEM imdggare

14) taken after three cycles, which show no discernible morphological changes. Together,
these complementary SEM data and vyield retention statistics confirm the catalysts'
resilience to repeated use. Table 1 contains a tabulation of the results.

Table 1. Recycling of nanomaterials for the catalytic reduction of RhB.

1st Cycle 2nd Cycle 3rd Cycle

Catalyst Yieldy(%) Yield (y%) Yield {%)
CdTe 69 61 53
ZnS 83 77 69
CdTe/ZnS 67 62 54
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The CdTeexhibits outstanéhg stability and reusabilityfeer the third cycle, CdTe retains
about 53% of its initial degradation yield of 69%, with a minor decrease in ac@ify
exhibits initial yield of 83%, maintaining approximately 69% catalytic efficiency at the
third cycle, demonstrating its strong catalytic and structural stab@iti.e/ZnSWith a
67% inital yield and aftetthree cycleb4% the CdTe/ZnS composite ekits balanced
performance duto synergistic phase interactions that improve stability.

Fig. 14. SEM images ofa) CdTe(b)ZnS and(c) CdTe/ZnS nanomaterials after three cycles of
catalytic reduction with RhB

Conclusion

The study explores thgynthesis andharacterization of CdTe/ZnSanocompositesnd
their exceptional catalytic activity for organic dye degradation applications. UVis
spectroscopwgtudiesconfirmed the successful formation of CdTe/Zreocomposites. By
observingthe systematic variation in band gap energim®ngCdTe (1.94 eV), composite
(2.28 eV) andZnS (3.63 eV)t wasconcluded the successful engineering of nanocomposite
formation. The XRD and SEM studiesonfirmed the formation of wellefined
nanocompositesvith an averagerystallite size of 25.5 £ 2.9 nm, exhibitigibic zinc
blende CdTe and sphalerifmS phases witlhiniform elemental distribution and spherical
morphology. Furthermore, the room temperatcagalytic performance on RhB and CR
revealedthat CdTe/ZnSnanocompositesignificantly out performindindividual CdTe and
ZnS nanoparticlesThe composite materiadchievessuperior rate constants of 0.04902
min~' for Rhodamine-B and 0.02923 min™ for Congo Red degradation. The pseudo-first-
orderkinetic sobserved foboth dye systems, alongvith high correlation coefficients (R2 >
0.92), confirm the reliability and reproducibility of the catalypimcesses.This potential
performance ismay be due to the synergistieffects at the CdF&nS interface.The
heterostructure architecture effectively combines the advantageoperties of both
componentsuch as narrowandgap and opticaroperties of CdTe and ZnS.Th&ausible
mechanisnprovides an efficient electreimole separatiorthroughelectrontransferfrom the
CdTe b the ZnS, there by suppressimgcombinationprocesses and creatiragiditional
active sites for catalyticreactions.The reusabilitgtudiesrevealedthat the naomaterials
showedbetteractivity for the three cycles without a noticeablenge in morphology and
stability.Furthermore, the ability to achiesignificantdye degradatiorwith in 30 minutes
for bothtargetpollutantsdemonstrates the practicabplicability of thesenanocomposites
offers a sustainable and efficient approach for removing persistent opgdlniantsfrom
contaminated water systems. Howetlegse are preliminarfindings, a detailedtudy is
required to understandnechanism of the catalytic performance of the synthesized
nanomaterials.
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