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In this study, ZnO/CdS nanocomposite was obtained via a Co-precipitation method
at room temperature using beetroot juice (BRJ). The X-ray diffraction (XRD) results
confirmed the formation of the compound, while the field-emission scanning electron
microscopy (FE-SEM) revealed semi-spherical particles of approximately 16 nm.
Energy-dispersive X-ray spectroscopy (EDX) showed Zn, O, Cd, and S in the

composite with respective weight percentages of 64.3%, 32.1%, 2.3%, and 1.4%.
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The Fourier-transform infrared (FTIR) spectra confirmed Zn-O and Cd-S bonds,
supporting successful synthesis. UV-visible spectroscopy revealed strong UV
absorbance and an energy bandgap of 3.9 eV. Antibacterial testing demonstrated
concentration-dependent inhibition of both S. aureus and E. coli bacteria. The
ZnO/CdS nanocomposite exhibited effective antibacterial activity, particularly at
higher concentrations, alongside its optical properties, making it suitable for
applications requiring biocompatibility and light absorption.
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1. Introduction

Nowadays, in the current era, a significant number
of esteemed and esteemed researchers, those who are
dedicated to the pursuit of knowledge and wisdom,
have become engrossed with a primary focus on the
revolutionary and innovative concept known as green
synthesis technique [1]. This technique, regarded as a
groundbreaking and paramount solution, holds the
immense potential to propel humanity into the future,
paving the way for cutting-edge technologies and
scientific advancements [2]. By harnessing the power
of this technique, detrimental and hazardous toxic
metals within synthesized materials can be effectively
diminished, resulting in a world where the industrial
landscape is significantly enhanced [3]. The benefits
provided by this groundbreaking method reach across
multiple sectors and fields, transforming them in
significant ways. The motivating influence from this
deep understanding has sparked a fresh determination
within the scientific community to further explore eco-

friendly  materials  that  exhibit  exceptional
characteristics [4]. These synthesized materials,
endowed with a commendable adherence to

environmental principles, exhibit a distinctive and
remarkable trait of being poor in adhesion, thereby
generating endless possibilities for a multitude of
applications [5]. Furthermore, this eclectic assortment
of materials boasts a myriad of captivating and diverse
morphologies, breathing life into the realm of scientific
exploration and discovery [6]. Hydrogen consumers on
the entire planet consume our energy equipment
significantly per year. Consequently, the indispensable
prerequisites of earth resources, equipment lifetime,
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and molecular stability have given rise to a
groundbreaking and innovative roadmap known as the
molecular revolution classification, transitioning from
the realm of nanotechnology towards the realm of
nanocatalyst [7]. The utmost importance of selecting
the finest nanocatalyst for any desired reaction cannot
be overstated, primarily owing to the colossal demand
for its utilization in numerous advantageous
applications. These applications entail but are not
limited to: the attainment of an exceedingly extensive
surface area, the facilitation of ample atoms reactivity,
the achievement of efficient electron transfer
capabilities, the attainment of thermal or chemical
resistance [8]. The thin film zinc oxide/cadmium
sulfide nanocomposite (ZnO/CdS-NC) and a few of its
named nanocomposites are a completely new potential
visible light catalyst. For example, red beetroot (Beta
vulgaris) can produce H; gas and degrade pollutants by
direct mineralization in the environment [9,10]. Due to
its significance, zinc oxide has been extensively
studied, and various techniques have been developed
for its synthesis, including both wet and dry methods,
which significantly influence its final properties [11-
18]. ZnO has distinctive characteristics, such as a very
broad band gap, elevated exciton binding energy at
ambient temperature, remarkable electrochemical
stability, and anisotropic growth behavior [19].
Furthermore, ZnO is recognized as an environmentally
friendly and highly effective absorber of UV radiation
[20]. When incorporated in surface coatings such as
paints [21] or textiles, ZnO nanostructures demonstrate
antibacterial [22], and antifungal [23] activities. Recent
photocatalytic evaluations of poly(alkyl siloxane) with
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embedded ZnO nanoparticles indicate that this material
can serve as a protective coating for sandstone surfaces
[24]. To enhance the photocatalytic efficiency of ZnO
in the visible spectrum, it is often combined with a
photosensitizer [25], facilitating faster charge
separation and reducing recombination rates [26].
Cadmium sulfide (CdS), with a bulk band gap of about
2.4 eV and high optical absorption, is particularly
suitable as a visible light sensitizer [27,28]. ZnO-CdS
composites, in particular, have shown promise in
applications such as gas sensing [29], photocatalysis
[30-32], water splitting [33], and antibacterial activity
[34]. In short, the primary objective of this
comprehensive study is to effectively prepare and
extensively characterize the remarkable ZnO/CdS
nanocomposite. By doing so, we were able to
preliminarily confirm how and why sulfur bonds were
produced from the red Beetroot extract biopsy report in
the spectroscopy analysis results it endeavors to
explore and bring to light the tremendous potential of
this nanocomposite as an innovative catalyst.

2. Experimental Part

Zinc nitrate hexahydrate Zn(NOs),.6H,O0 (MW
297.48) from LOBA Chemie Pvt. Ltd (India) and
cadmium nitrate tetrahydrate Cd(NO3),.4H,.O (MW
308.47) supplied by Thomas Baker (Chemicals) Pvt.
Ltd. (India) were used to produce the ZnO/CdS
nanocomposites, and red BRJ as a Sulfur source. Red
BRJ, in contrast to other organic materials such as
Thiourea, is abundant and cost-effective. In this
research, red BRJ was used as an affordable and
straightforward method to produce ZnO/CdS
composite. Red Beetroot was thoroughly cleaned,
soaked and peeled, and then the juice was extracted and
separated to obtain pure and fresh juice.

The ZnO/CdS nanocomposite was synthesized
using a co-precipitation method. This entailed
amalgamating 200 mL of a solution comprising 1.8 g
of zinc nitrate dissolved in 100 mL of deionized water
with 18.8 g of cadmium nitrate dissolved in 100 mL of
deionized water. Subsequently, 50 mL of red BRJ was
incorporated as the sulfur source at ambient
temperature. The mixture was permitted to settle for 72
hours, subsequently separated through centrifugation at
4000 rpm for 20 minutes. The precipitate underwent
three washes with alcohol and three washes with
deionized  water, maintaining a  consistent
centrifugation speed throughout each washing step.

The heat-dried sample was analyzed for surface
morphology and elemental composition using FE-SEM
(Nawah Sciences Ltd. Co.). The XRD method with Cu
Ko radiation (A = 1.54183 A) was used to examine the
crystallographic characteristics structurally. The XRD
was conducted using a Bruker D8 Discover
diffractometer in 20 mode at 45 kV and 40 mA. The
sample's surface morphology was analyzed using the
FE-SEM method with a HITACHI Model TM3030Plus
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(ExB Electronics Soft Imaging System) running at 15
kV. The sample's chemical composition was analyzed
using EDX (Axia Chemi SEM-Thermo Scientific) in
conjunction with the SEM equipment.

This research delves into a groundbreaking and
highly innovative new method that completely
revolutionizes  the  synthesis of  ZnO/CdS
nanocomposites. The key to this remarkable
breakthrough lies in harnessing the astounding
capabilities of red BRJ [35]. BRI, scientifically known
as Beta vulgaris, is an extraordinary plant that belongs
to the Chenopodiaceae family. What makes it truly
exceptional is its remarkable repertoire of inorganic
and organic compounds, including essential vitamins
[36]. However, the true highlight is the presence of an
extraordinary compound known as betalain, which is
composed of two hydroxylated aromatic rings. This
compound showcases unparalleled antioxidant power,
making it all the more intriguing [37]. It is this unique
mechanism that sets Beetroot apart from other plant
juice. But that's not all — the red BRJ also exhibits
remarkable prowess in terms of both reduction
capabilities and stabilization properties. This further
emphasizes the extract's undeniable prowess and
incredible potential in advancing nanocomposite
synthesis methodologies [38]. This study paves the way
for new avenues for future advancements and paves the
way for more sustainable and eco-conscious
methodologies within the field of nanotechnology [39].

This research discusses the development of a new
method of synthesizing nanocomposite ZnO/CdS using
red Beetroot pericarp juice. BRJ is a source of sulfur,
and CdS and ZnO are metal sulfide and heavy metal
oxide particles surrounded by carbon [40]. The pericarp
contains betalain, an inorganic compound with high
antioxidant capacity as well as known reducing and
stabilizing properties. Based on these properties, it can
be used in a system containing Cd and Zn ions [41].

This work evaluated structural, morphological, and
optical features using several characterisation methods,
including XRD for crystallinity, FE-SEM for
morphology, and UV-visible spectroscopy for optical
properties.

The antibacterial efficacy of the ZnO/CdS
nanocomposites was assessed by the agar well
diffusion technique against Gram-negative and Gram-
positive bacterial strains [42,43]. We aseptically
transferred roughly 20 mL of Mueller-Hinton agar from
sterile Petri plates and retrieved bacterial strains using
sterile wire loops from their original cultures [44].
After inoculating the bacterial cultures, wells of 6 mm
in diameter were formed on the agar plates using a
sterile tip. Different concentrations of ZnO/CdS
nanocomposites were injected into these wells. The
inoculated plates with ZnO/CdS NCs and bacterial
strains were incubated at 37°C overnight, followed by
the measurement and recording of the average diameter
of the inhibitory zones [45].
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The antibacterial behavior of ZnO/CdS
nanocomposites is influenced by their band gap values,
which determine the energy required for electron-hole
pair generation upon light absorption [46]. Both ZnO
and CdS are photocatalytic materials, and their band
gaps are crucial for effective charge separation and
reactive oxygen species (ROS) production during
photocatalysis. ROS play a significant role in
antibacterial activity by damaging bacterial cell
membranes and proteins [47,48]. An optimal band gap
facilitates efficient light absorption while minimizing
the recombination of charge carriers. If the band gap is
too wide, it limits visible light absorption, while a too
narrow gap increases recombination [49].

The ZnO/CdS nanocomposite’s band gap (3.9¢V) is
aligned with the solar spectrum for -efficient
photocatalysis. CdS enhances visible light absorption,
complementing ZnO UV absorption. The combined
band gaps of ZnO and CdS determine their overall
photocatalytic performance [50]. Photocatalysts kill
bacteria through ROS production by absorbing light of
a specific wavelength, Promoting electrons to the
conduction band from the valence band. For effective
photocatalysis, these excited electrons must be
separated from the holes to prevent recombination [51].
Separated electrons and holes interact with water
molecules on the photocatalyst surface, generating
hydroxyl radicals (OHe) through two main pathways:
interaction of electrons in the conduction band with
water molecules, and interaction of holes in the valence
band with water or adsorbed hydroxide ions [52,53]
The generated OHe radicals, being non-selective
oxidants, target bacterial cell membranes composed of
phospholipid bilayers, attacking the double bonds in
fatty acid tails and disrupting membrane integrity. This
disruption leads to leakage of cellular contents and loss
of cellular homeostasis, ultimately killing the bacteria
[54].

3. Results and Discussion

The crystalline structure of the sample was analyzed
using XRD, which validated the semi-crystalline nature
of the nanocomposite, as seen in Fig. (1). The XRD
patterns of ZnO/CdS composites display mixed
diffraction peaks exclusively from ZnO and CdS and
table (1) includes the results obtained from the XRD
patterns. Though the characteristic peaks of
orthorhombic CdS at 260 = 19.95°, 20.91°, 23.11°,
24.98°,32.07°, 33.12°, 36.98°, 39.98°, 44.11°, 51.19°,
55.33°, and 64.12°, corresponding to Miller indices of
(110), (020), (111), (021), (112), (002), (130), (220),
(040), (042), (042), and (134) peaks of CdS,
respectively, are in good agreement with JCPDS 00-
015-0086.

ZnO peaks appeared at 20 = 30.82, 38.45, 46.87,
61.77, and 65.82, corresponding to Miller indices of
(100), (002), (102), (103), and (112), respectively, and
peaks of hexagonal Zincite ZnO agree with JCPDS 01-
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075-1533. The average particle size was calculated
using the Debye-Scherrer equation as [55]

D =k\Bcosb (1)
where D is the crystallite size, k is the shape factor
equal to 0.9, 6 is the diffraction angle at maximum peak
intensity, B is the full-width at half maximum (FWHM)
of the diffraction peak in radians, and A is the x-ray
wavelength

- CdS

Intensity (a.u.)

10 20 30 40 50 60 70 80
26 (%)
Fig. (1) XRD patterns of the ZnO/CdS nanocomposite

Table (1) The obtained results of the XRD of ZnO/CdS NCs
(matched to CdS: 00-015-0086, and ZnO: 01-075-1533)

20 (deg.) hkl FWHM (deg.) D (nm)
19.95 110 1.378 5.848
2091 020 0.411 19.611
23.11 111 0.191 42412
24.98 021 0.662 12.277
30.82 100 0.219 37.534
32.07 112 0.196 41.998
33.12 002 0.09 92.054
36.98 130 0.239 34.905
3845 002 0.196 42.839
39.98 220 0.103 81.701
44.11 040 0.498 17.194
46.87 102 0.166 51.947
51.19 042 0.09 97.839
55.33 042 0.09 99.629
61.77 103 0.09 102.819
64.12 134 0.09 104.116
65.82 112 0.09 105.105

Mean Crystalline Size 58.225

As showen in Fig. (2), FE-SEM images revealed that
the synthesized compound consists of spherical
particles, with Image] measurements indicating an
average particle size of approximately 16 nm. The
discrepancy between the nanoscale size obtained from
Scherrer’s equation and ImageJ arises from the
differing calculation methods. Scherrer’s equation
estimates the size relying on the broadening of XRD
peaks, which reflects the dimensions of individual
crystals. In contrast, ImageJ measures the actual visible
dimensions of the particles using microscopic images,
such as SEM or TEM.
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Mean=7.4122
SD=0.5955
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Particle Size
Fig. (2) (a) FE-SEM image of ZnO/CdS nanocomposite and (b)
particle size distribution fitted with a log normal distribution
function

The EDX spectrum provided offers key insights
into the elemental composition of the synthesized
material. From the table accompanying the spectrum,
we can observe the presence of oxygen (O), sulfur (S),
zinc (Zn), and cadmium (Cd). Oxygen emerges as the
dominant element, with an atomic percentage of 91.7%
and a weight percentage of 64.3%, strongly indicating
the presence of oxide compounds, likely ZnO.

The detection of sulfur, albeit in smaller quantities
(1.0% atomic and 1.4% weight), suggests the formation
of CdS, which is consistent with the expected
composition. Zinc is present at 0.8% atomic and 2.3%
by weight, reinforcing its involvement in forming ZnO.
Meanwhile, cadmium stands out with a higher atomic
percentage of 6.5% and a weight percentage of 32.1%,
signifying its significant presence in the material, likely
as CdS.

The EDX spectrum reveals distinct peaks
corresponding to the detected elements. The prominent
oxygen peak reflects its abundance in the sample, while
the zinc peaks (Zn) are less intense, matching its
relatively lower concentration. Cadmium’s peaks (Cd)
are sharp and strong, indicating its substantial presence,
and sulfur’s weaker peak aligns with its smaller
percentage in the composition. These peaks confirm the
expected elemental makeup and indicate the presence
of the desired compounds.

The elemental mapping further supports the
spectrum’s findings. The FE-SEM image (b) highlights
a heterogeneous surface morphology. The oxygen map
(c) shows a uniform distribution across the sample,
reflecting the predominance of oxygen-containing
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compounds. The zinc map (d) reveals localized regions
where zinc is present, suggesting that ZnO is not
homogeneously distributed. Cadmium’s map (e) shows
a broader distribution, though it is still uneven, while
sulfur’s map (f) indicates sparse areas of sulfur
presence, consistent with its relatively low atomic and
weight percentages.

The EDX analysis and elemental mapping confirm that
the material primarily consists of oxygen, with
significant amounts of cadmium, and smaller amounts
of zinc and sulfur. This supports the successful
synthesis of ZnO/CdS nanocomposites. The higher
proportion of cadmium relative to zinc and sulfur
implies that CdS may play a more dominant role in the
material, making the composite suitable for various
applications, such as antibacterial agents or in solar
cells, where both ZnO and CdS offer synergistic
properties.

"
| @ Element  Atomic % Weight %
o 917 643

s 10 14

Zn 0s 23

cd 65 321

e H iy 15k ey

TR ke

Fig. (3) (a) The EDX spectrum and corresponding elemental
mapping (b) ZnO/CdS (c¢) O, (d) S, (e) Cd, and (f) Zn

In comparison between the FTIR spectra of red
Beetroot extract and the nanocompound ZnO/CdS, we
observe a range of important changes that indicate the
interactions that occur during the preparation process.
The FTIR analysis of red Beetroot extract reveals
distinctive peaks corresponding to organic compounds,
while the spectrum of ZnO/CdS. This signifies the
existence of interactions between the juice and the
nanocompound, resulting in the emergence of new
peaks and the disappearance or change of some peaks
in the extract spectrum. A broad peak at 3464 cm™! in
BRJ, attributed to O-H vibrations (water or hydroxylic
groups), shifts to 3278 cm™! in the ZnO/CdS spectrum.
This shift suggests that some O-H groups remain but
interact with the surface of the nanomaterial, or it may
be due to partial moisture loss during preparation.
Furthermore, the disappearance of peak at 2100 cm™' in
the ZnO/CdS spectrum, associated with triple bonds
(C=C) in the BRI spectrum, indicates that these bonds
interacted during the preparation process, leading to
their breakdown or decomposition.

The peak at 1640 cm™! in the Beetroot spectrum,
corresponding to C=C vibrations usually associated
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with alkenes, shifts slightly to 1636 cm™ in the
ZnO/CdS spectrum. This indicates the involvement of
the C=C group in the reaction, although it does not
disappear completely, suggesting the survival of some
of these organic groups. Additionally, changes in peaks
at 1404 and 1057 cm! in the Beetroot spectrum, which
reflect the vibrations of N=O bending (typical of
primary or secondary amines) and C-O bonds (linked
to carbohydrates and organic compounds), lead to the
emergence of new peaks at 1514 and 1365 cm™ in the
ZnO/CdS spectrum. This transformation indicates the
interaction of organic groups with the nanocompound
and the formation of new bonds, possibly between CdS
or ZnO and organic compounds.

Moreover, new peaks at 410 and 702 cm™ appear in
the ZnO/CdS spectrum, which are absent in the
Beetroot spectrum. These peaks are characteristic of
nanocompounds and indicate the vibrations of Zn-O
and Cd-S, confirming the successful formation of the
ZnO/CdS nanocompound. The disappearance or
change in peaks related to C=C, C=0, and O-H groups
indicates that these organic groups interacted with other
substances during preparation, leading to changes in
their chemical structure or their consumption in the
reaction. Additionally, the new appearance of peaks
associated with Zn-O and Cd-S in the ZnO/CdS
spectrum confirms the formation of nano-linkages
between zinc and oxygen and between cadmium and
sulfur. This suggests that BRJ was an effective source
of sulfur in the formation of the nanocomplex [56].

The FTIR spectral analysis demonstrates that BRJ
directly contributed to a chemical reaction that resulted
in the formation of the ZnO/CdS nanocomplex, serving
as a source of sulfur and potentially acting as a
stabilizer for the compound.

The UV-visible absorption spectrum, the variation
of absorption coefficient, and determination of energy
band gap of the prepared Zno/CdS nanocomposite are
shown in Fig. (5). The ZnO/CdS nanocomposite
exhibits a rapid decrease in absorbance beyond 400 nm,
and this demonstrates significant absorption in the UV
region along with a reduction in the visible range. This
absorption behavior suggests the presence of a direct
electronic transition and confirms the nanoscale nature
of the material. The observed high absorbance in the
UV range aligns with the expected optical behavior of
ZnO and CdS components, which are known for their
high UV absorbance.

Figure (5b) shows the absorption coefficient (o)
plotted against photon energy (eV) [57] where

0=2.303A/t 2)
where A is the absorbance and t is the optical path
length (cm)

The sharp increase in a with increasing photon
energy indicates a significant light-matter interaction
and suggests the existence of allowed direct transitions
within the material. A steep rise in the absorption
coefficient at higher energy levels implies that the
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ZnO/CdS nanocomposite can efficiently absorb
photons of certain energies, thereby reinforcing the
material’s suitability for optoelectronic applications,
such as UV detectors and photocatalysis.
Figure (5c) depicts Tauc plot, which plots (chv)'?
against photon energy (hv) to determine the energy
band gap of the prepared composite material as [58]
ahv = (hv—Eg)"? 3)
Extrapolating the linear region to intercept the
energy axis yields the optical band gap value. In this
case, the intersection point indicates an estimated
indirect bandgap energy of approximately 3.9 eV. This
relatively wide bandgap is consistent with the
properties of ZnO and CdS semiconductors,
emphasizing the composite’s potential for applications
in fields requiring high-energy photon absorption, such
as UV shielding and antibacterial treatments.

3464
T w057 1404 2100

1640

501

T %

i— BEETROOT
ZnO/CdS

1217 1514

T T T T T T T T -
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber (cm™)

Fig. (4) FTIR spectrum of BRJ and ZnO/CdS nanocomposite

These findings collectively underscore the
effectiveness of the  synthesized ZnO/CdS
nanocomposite in absorbing UV light and its potential
applicability in optoelectronics, energy conversion, and
photodegradation of pollutants. Furthermore, the wide
bandgap energy suggests that the material could exhibit
a higher electron-hole recombination threshold, which
is desirable for enhanced photocatalytic efficiency.

The antibacterial properties of ZnO/CdS
nanoparticles were assessed against various extensively
drug-resistant (XDR) bacterial strains E. coli (Gram-
negative) and S. aureus (Gram-positive) using the agar
diffusion method. The findings demonstrated that all
tested bacterial isolates exhibited sensitivity to the
nanoparticles at different concentrations (62, 125, 250
and 500 pg/mL). Notably, the largest inhibition zone
observed was 24 mm at the highest concentration of
500 pg/mL, while the smallest inhibition zone,
measuring 17 mm, was recorded against S. aureus at
the lowest concentration of 62 pg/mL. The results
indicated a direct correlation between increased
nanoparticle concentration and enhanced antibacterial
efficacy. These outcomes, as shown in Fig. (6a,b).
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Fig. (5) (a) Absorption spectrum, (b) absorption coefficient, and
(¢) determination of indirect band gap as functions of
photoenergy (hv)

To confirm the importance and feasibility of
fabricating this nanocomposite using BRIJ, we
compared its antibacterial efficacy with the ZnO/CdS
nanocomposite that we previously fabricated using
conventional compounds and reported, including its

structural and optical properties [59]. Both
nanocomposites were tested for antibacterial activity
under identical conditions, using the same

concentrations and bacterial strains, to ensure a reliable
and consistent comparison as shown in Fig. (7). Using
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the agar diffusion technique, the antibacterial activity
of both materials against S. aureus and E. coli was
evaluated at various doses (62, 125, 250, and 500
pg/mL), as shown in table (2), in the same manner and

under the same conditions for each compound
separately.

The  antibacterial efficacy of ZnO/CdS
nanocomposites, as shown by BRJ, exhibited

significant variations when evaluated against E. coli
and S. aureus. The ZnO/CdS nanocomposite produced
using BRJ exhibited superior antibacterial efficacy
against E. coli compared to traditional ZnO/CdS at all
evaluated doses. The most extensive inhibitory zone
was seen at a dose of 500 pg/mL, increasing from 22
mm for conventional ZnO/CdS to 24 mm for ZnO/CdS
using BRJ. Conversely, against S. aureus, conventional
ZnO/CdS exhibited superior antibacterial activity
compared to the BRJ-based nanocomposite. At 500
pg/mL, the inhibition zone decreased from 26 mm for
conventional ZnO/CdS to 24 mm for ZnO/CdS using
BRIJ.

These findings suggest that the natural components
of BRJ may enhance the antibacterial properties of the
Zn0O/CdS nanocomposite against Gram-negative
bacteria such as E. coli, while slightly reducing its
effectiveness against Gram-positive bacteria like S.
aureus. The reduced activity against Gram-positive
strains may be attributed to alterations in the surface
properties or chemical composition of the
nanocomposite resulting from the incorporation of
BRIJ. Despite this, the enhanced activity against Gram-
negative bacteria is a significant advantage, particularly
in the fight against antibiotic-resistant strains.

These results underscore the potential of using
natural sources, such as BRJ, to improve the
antibacterial properties of nanomaterials in a targeted
manner. The study highlights the importance of
environmentally friendly nanocomposites with tailored
antibacterial effects, emphasizing the need to
understand differential impacts on various bacterial
strains. The GraphPad Prism software was used to
statistically analyze the data [58]. These findings are
shown as the mean + SD of the three studies, where a
difference of p<0.05 is considered statistically
significant [60].

Table (2) Antibacterial activity of ZnO/CdS and ZnO/CdS using
BRJ against E. coli and S. aureus

E. coli S. aureus
Concentration Zn0O/Cd ZnQ/Cd
It s (pug/mL) Zn%/Cd S using Zn%/Cd S using
BRJ BRJ
1 500 22 24 26 24
2 250 20 22 24 22
3 125 17 20 21 18
4 62 15 18 19 17
5 0 6 6 6 6
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Fig. (6) Antibacterial activity of ZnO/CdS using BRJ against (a)
E. coli, and (b) S. aureus, (A) 500 pg/mL, (B) 250 pg/mL, (C) 125
pg/mL, and (D) 62 pg/mL and control

Fig. (7) Antibacterial activity of ZnO/CdS against (a) E. coli, and
(b) S. aureus, (A) control, (B) 62 pg/mL, (C) 125 pg/mL, (D) 250
pg/mL, and (E) 500 pg/mL

4. Conclusions

This study successfully synthesized ZnO/CdS
nanocomposites using BRJ, with structural and spectral
analyses confirming their purity and uniform nanoscale
morphology. Results indicated an average grain size of
16 nm, emphasizing their suitability for optical and
antibacterial applications. An indirect band gap of 3.9
eV was revealed making these nanocomposites
promising for optoelectronic applications. In terms of
biological activity, the material demonstrated
antibacterial properties that improved with increasing
concentration, suggesting its potential for medical and
antimicrobial applications. Compared to conventional
materials, this research highlights the benefits of eco-
friendly ZnO/CdS synthesis for biomedical and
environmental applications. Further studies are
recommended to optimize the composition and explore
the influence of environmental factors on its properties.
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