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INTRODUCTION

Researchers in several fields, including chemistry, medicine,
biotechnology and pharmaceuticals, have taken a keen interest
in nanoparticles in recent decades due to their enormous potential
uses [1,2]. Moreover, nanoparticles also play very interesting
roles in other areas like power generation, environmental science,
computing areas and optics, etc. [3]. A wide range of physical,
chemical, and ecologically benign methods known for the
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The goal of this study was to synthesize the bimetallic nanoparticles using leaf extract of Trifolium alexandrinum, copper sulphate and
zinc sulphate and screening their biological and photocatalytic activities. Since growing antibiotic resistance is a significant problem,
metallic nanoparticles, which are well-known for their wide biological spectrum, are proving to be an efficient substitute for currently
available antibiotics. Leaf extract of T. alexandrinum (TFL) and its bimetallic Cu-Zn (CZS) nanoparticles have been synthesized. Fourier
transform infrared spectroscopy, ultraviolet spectroscopy, transmission electron microscopy, field emission scanning electron microscopy,
X-ray diffraction and energy dispersive X-ray were used to analyze and characterize the synthesized nanoparticles. The Fourier transform
infrared spectroscopy describes the presence of different functional groups in the leaf extract as well as changes in their nature after
combining with metal salts. Field emission scanning electron microscopy reveals the formation of nanoparticles in agglomerated form
with spherical shape. Transmission electron microscopy images also coincide with the results of scanning electron microscopy. The X-ray
diffraction pattern confirms the formation of crystalline nanoparticles with 77% crystallinity with an average size of about 50-150 nm,
whereas EDX certifies the presence of different constituent abundances in the form of percentage. Further, the biological potential of the
obtained nanoparticles was estimated by evaluating the antimicrobial and anti-angiogenic activities. The maximum value for bacterial
inhibition was found to be 21.5 mm and for fungal inhibition this value reaches to 20 mm for 100 µL each. The percentage inhibition on
vessel growth rate in TFL/CZS nanoparticle treated groups was obtained as 28% (1 µg) and 85% (10 µg). Percentage degradation for the
composite was attained 83%, which was much better than CZS nanoparticles towards the Congo red dye. Results have shown that
subjected nanoparticles were proven as excellent biological agents. Moreover, the photocatalytic activity confirms that the novel bimetallic
nanoparticles can be used to treat the wastewater at initial level.

Keywords: Trifolium alexandrinum Leaf extract, Bimetallic nanoparticles, Photocatalysis, Anti-angiogenesis, Antimicrobial activity.
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synthesis of nanoparticles. Due to the numerous disadvantages
of physical and chemical methods, such as their high cost, use
of hazardous chemicals, lengthy processing times, laborious
procedures and many more, there is a need for some techniques
that can produce quick synthesis and eco-friendly approaches
to synthesized required nanoparticles [4,5]. In this regard, the
green approach of synthesizing nanoparticles utilizing extracts
from various plant parts has been used, which is thought to be
a cost-effective, non-toxic, easy and eco-friendly method [6,7].
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An improvement in nanoparticle efficiency due to comple-
xation has made the incorporation of metals like gold, copper,
zinc, silver, and nickel into plant extracts to form nanoparticles
one of the most fascinating research opportunities over the
past decade [8-10]. Currently, researchers are exploring the
potential of two distinct metals merging to create bimetallic
nanoparticles. Two different aqueous solutions of metal salts are
frequently combined with plant extract to produce bimetallic
nanoparticles. According to some theories, metals in these
reactions combine with plant phytochemicals that have oxidizing
or reducing properties to create nanoparticles [11,12]. It has
been found that metal ions with greater reducing power reduce
more quickly than those with less reduction potential. The bio-
logical characteristics enhance with the introduction of a single
metal and improve significantly more rapidly with the addition
of another metal.

Different plants from the genus Trifolium have been used
traditionally for different applications. Some species are used
in the form of antiseptics, analgesics, antimicrobials and to treat
rheumatic aches. One common species of Trifolium with name
the alexandrinum is well known for its tremendous antibacterial
activity [13]. Earlier the investigation of phytochemicals in
this plant indicates the presence of amino acids along with their
derivatives, flavonoids, fatty acids, isoflavonoids, glycosides
and different proteins [14,15]. The intake of flower extract of
this plant along with water and hexane is found to decrease
the glucose level and increase the insulin level in male rats,
hence can be used to cure diabetes.

The synthesis of bimetallic nanoparticles from Trifolium
alexandrinum leaf extract is revealed in the presented study.
The production of metallic nanoparticles is thought to be easier,
less expensive, safer, quicker and simpler than using traditional
procedures since the plant’s leaf extract has a great reduction
potential due to the presence of the phytochemicals [16]. To
obtain bimetallic nanoparticles (TFL/CZS), Cu-Zn metals were
added to the leaf extract, resulting in the formation of bimetallic
nanoparticles. The biological activities of the synthetic bimetallic
nanoparticles, particularly its antibacterial and anti-angiogenic
characteristics, were also evaluated. Moreover, the photocatalytic
activity of these bimetallic-based nanoparticles was examined
utilizing Congo red dye.

EXPERIMENTAL

The AR grade zinc and copper sulphate were acquired
from Merck, USA. Each reaction was carried out using a hot
plate and a magnetic stirrer. From the Institute of Microbial
Technology (IMTECH) located in Chandigarh, procured the
Microbial Type Collection Culture (MTCC). Throughout the
entire testing phase, double-distilled water was used. To avoid
any contamination, all equipments were thoroughly cleaned
using double-distilled water and dried in a hot air oven.

Preparation of leaf extract of Trifolium alexandrinum
(TFL): The preparation of leaf extract of T. alexandrinum has
been done by absorption application and UV-readings [17,18].
Fresh leaves of T. alexandrinum were identified and collected
from local area of Panchkula city, India. The leaves were  washed
with tap water and followed by doube distilled water. After washing,

leaves were dried in shade for 10 days and then converted to fine
powder using an electric grinder. Leaves powder (15 g) were
mixed with 100 mL of water in 200 mL beaker at room tempe-
rature, incubated at 25 ºC for 24 h and then the content was
stirred for 30 min at room temperature by using a magnetic stirrer.
The obtained dark brown coloured content was filtered by using
Whatman No. 1 filter paper. The filtrate was collected in a beaker
and preserved at 4 ºC in a refrigerator for further processes.

Preparation of bimetallic Cu-Zn nanoparticles (CZS):
Stirred each 50 mL of freshly prepared zinc sulphate (0.1 M)
and copper sulphate (0.1 M) solutions while using a magnetic
stirrer for 2 h followed by the addition of 10% NaOH solution
dropwise under stirring. The pH was maintained up to 9 and
monitored. As the solution was obtained, a sapphire-coloured
precipitates appeared. After 2 h of stirring, the precipitate was
filtered and dried in a vacuum desicator overnight.

Preparation of leaf extract based bimetallic Cu-Zn nano-
particles (TFL/CZS): A 50 mL of total solution (25 mL each
of copper sulphate and zinc sulphate) was taken collectively
and added dropwise to 25 mL of leaf extract solution. The pH
of the whole solution was maintained at 9-10 by dropwise
addition of NaOH solution while stirring for 2 h using magnetic
stirrer at 25 ºC. The colour of the solution turns dark brown to
parrot green, which confirm the formation of bimetallic Cu-
Zn nanoparticles. After that the mixture was allowed to stand
undisturbed at room temperature for approximately 1 h. The
fine precipitate was dried slowly on a petri plate in a hot oven
at 25 ºC. The dried bimetallic nanoparticles were washed with
water several times with centrifugation. The obtained green
precipitate was again dried and utilized for further processing.

Characterization: The FETEM JEM 2100 plus was used
to conduct the TEM analysis followed by FESEM and EDX
analysis on Hitachi, Japan, SU8010 series. On the other hand,
the XRD characterization was conducted on the PANalytical
X’Pert PRO diffraction with CuKα radiation at Advanced
Material Research Centre, IIT Mandi. On the other hand, the
molecular structure of the obtained nanoparticles was analyzed
using FTIR on Perkin-Elmer using KBr pallet ranging between
4000-400 cm-1 at Lovely Professional University, Punjab.

Antimicrobial activity: The agar well-diffusion method
was deployed in triplicate (n = 3) to measure the antifungal
and antibacterial activities of the synthesized leaf extract based
bimetallic (TFL/CZS) nanoparticles. Nutrient agar plates were
cultivated with 100 µL bacteria and fungi culture by using an
L-shaped spreader and wells of appropriate and the same
diameter were measured. DMSO was used to prepare the solut-
ions of TFL/CZS due to the complete solubility of latter in the
former. Solutions of 10, 25, 50 and 100 µg/mL of TFL/CZS
were prepared and subjected to evaluate antibacterial activity
against bacteria viz. Salmonella typhi, Bacillus subtilis and
fungi Aspergillus niger, Trichophyton rubrum. The common
antibiotic drug chloramphenicol and antifungal drug i.e. fluco-
nazole were taken as standard to compare the antimicrobial
activity of tested compound. After incubating the samples at
37 ºC for 24 h, the inhibitory zones were identified on the
plates [19,20]. The complete inhibition activity was observed
after 48 h of incubation to obtain the maximum activity.
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Anti-angiogenic activity

Chorioallantoic membrane (CAM) assay: CAM assay
was applied to evaluate the anti-angeogenic activity of the synth-
esized nanoparticles, i.e. TFL/CZS and CZS alone. The cleaned,
fertilized chicken eggs were collected and kept in a chamber
containing 70% humidity and 37 ºC temperatures. Albumin
(1 mL) was removed from the lower side of the eggs with a
surgical syringe. After 48 h and the pierced holes were covered
with a sterilized laboratory tape. A small window was created
by removing the egg shell at the blunt end after 72 h of incub-
ation. After confirmation of viable and normal development
of embryo, different concentrations of TFL/CZS and TFL (i.e.
0, 1 and 10 µg) were loaded on 5 mm sterilized filter discs and
then kept over the surface of the extra embryonic membrane.
The windows were again sealed with sterilized laboratory tape
to block the contact with the external environmental and eggs
were placed for 48 h under incubation. After the treatment,
the antiangiogenic effect of applied compounds was manually
counted in terms of branch points over CAM and the percent
inhibition was calculated as follows:

Data of control Data of treated
Inhibition (%) 100

Data of control

−= ×

Photocatalytic activity: The photocatalytic degradation
capability of TFL/CZS was examined for the degradation of
Congo red dye under solar illumination. The photocatalytic
activity was carried out by a double walled glass chamber of
Pyrex. A 1 × 10-5 M solution of Congo red dye was added to
50 mg of nanoparticles at 30 ± 1 ºC. The adsorption-desorption
equilibrium was mixture was achieved by keeping the whole
solution in dark. After that, the solution was irradiated under
sunlight and 3 mL of aliquot were taken out at different time
intervals i.e. 0, 30, 60, 90, 120, 150 and 180 min. The absor-
bance of all solutions with different concentrations was subjected
to ultraviolet spectrophotometry and absorbance was noted at
the specified wavelengths [21]. The percentage degradation
of dye was calculated using the formula as:

o t

o

C C
Degradation (%) 100

C

−= ×

where Co = initial concentration and Ct = instant concentration
of dye sample.

The kinetics of degradation was explained by pseudo-first-
order kinetics. The rate constant (k) was calculated by the
following equation:

o t[A] /[A]
k

t
=

where the slope obtained from the plot of ln Ao/A vs. t.
Further different parameters like the effect of pH of the

solution, photocatalyst dosage and concentration of dye were
studied and degradation efficiency was calculated.

RESULTS AND DISCUSSION

The standard curve was prepared to analyze the concen-
tration of the TFL/CZS in preparation of the mixture. The synthe-
sized nanoparticles (TFL/CZS) absorbed the most at 236 nm

(max) in this preparation. The plot of nanoparticles concen-
tration vs. absorbance for synthesis is shown in Fig. 1.
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Fig. 1. Plot of nanoparticles concentration vs. absorbance

FTIR spectral studies: Fig. 2 describes the characteristics
peaks for corresponding functional group present in the organic
part (TFL) and corresponding nanoparticles (TFL/CZS). FTIR
spectrum of T. alexandrinum leaf powder depicted broad band
at 3278 cm-1 representing the hydroxyl (-OH) group [22]. While
the band at 1641 cm-1 can be assigned to the aromatic bending
of carbonyl group (i.e. -C=O) [23]. The peak at 1046 cm-1 corres-
ponds to the stretching vibration of (C-O), which confirms the
presence of carbonyl group in the extract. A careful observation
of spectrum of bimetallic nanoparticles of T. alexandrinium
shows the absence of broad band at 3288 cm-1 which indicate
the involvement of hydroxyl oxygen in the coordination with
the metal atoms. Similarly shifting of all other bands to lower
values shows the effect of involvement of metal atoms in the
organic moiety. Formation of Cu-Zn nanoparticles is confirmed
by presence of strong band at 508 cm-1 and 435 cm-1 which may
be due to Cu-O and Zn-O stretching vibrations, respectively
[24-26]. Quantification of FTIR peak intensities was conducted
to compare the functional group interactions before and after
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Fig. 2. FTIR spectra of TFL and TFL/CZS nanoparticles
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nanoparticle formation. Moreover, the statistical analysis was
performed where applicable, using mean ± standard deviation
(SD) for peak intensity variation.

SEM and EDX studies: The surface morphology of the
leaves powder, bimetallic nanoparticles and metal based leaf
nanoparticles was studied and compared by using scanning
electron microscopy (SEM). Fig. 3a-f represent the detailed
information regarding SEM images of all the tested materials.
SEM images 3a and 3b shows the irregular shape of the organic
part alone i.e. TFL, while images 3c and 3d are of nanoparticles
obtained from inorganic salt mixture i.e. CZS. On the other
hand, SEM image of TFL/CZS (3e and 3f) revealed well-shaped
nanoparticles with exhibiting spherical geometry. The TFL/CZS
nanoparticles were found to form agglomerates with a particles
size ranging from 50-150 nm, which indicate the tendency of
nanoparticles to form clusters.

To obtain the maximum information about the synthesized
nanoparticles, the analysis was also performed by using EDX
technique. Quantification of elemental composition was perfor-

med using atomic percentage (%) and weight percentage (%)
calculation for each detected element. The standard deviation
(SD) values were calculated for repeated measurement to ensure
the consistency.The presence of each and individual elements
are shown in Fig. 4 along with particular amount (Table-1). The
total weight percentage of the analyzed component sums up to
71.24 wt.% with carbon and oxygen being the major element
present in the sample.

TABLE-1 
ELEMENTAL ANALYSIS OF TFL/CZS 

Element Unn. 
(wt.%) 

C norm. 
(wt.%) 

C atom. 
(wt.%) 

C error 
(3σ) (wt.%) 

Carbon 
Oxygen 
Zinc 
Copper  
Sulfur 
Potassium 
Magnesium 
Total 

16.13 
16.84 
17.04 
15.19 
4.38 
1.64 
0.00 
71.24 

22.65 
23.64 
23.95 
21.33 
61.15 
2.31 
0.00 

100.00 

43.69 
34.24 
8.48 
7.78 
4.44 
1.37 
0.00 

100.00 

7.98 
7.27 
2.17 
1.82 
0.57 
0.26 
0.00 

 

Fig. 3. SEM images of TFL (a-b), CZS (c-d) and TFL/CZS (e-f)
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Fig. 4. EDX image of TFL/CZS

TEM studies: The TEM micrograph (Fig. 5) displayed
images of ZnSO4 and CuSO4 nanoparticles in proximity, sugge-
sting a strong likelihood of interfacial hetero-junction formation
due to lattice fringe separation [27]. These images confirmed
the agglomeration of all the involved moieties to form the nano-
particles as no separate boundaries are visible for organic or
inorganic part.

XRD studies: The XRD spectrum of powder TFL exhibited
a single broad peak at 22.01º, indicating its predominantly

amorphous nature with crystallinity of only 8%. This suggests
that the material is highly disordered. On the other hand, in case
of CZS, sharp peaks were observed at 16.7º, 22.07º, 28.11º,
33.42º, 35.73º, 52.58º and 59.0º and hence the crystallinity of
the CZS is found to be 77%. In XRD pattern of the TFL/CZS
nanoparticles (Fig. 6c), the peaks at 16.7º, 22.07º, 28.11º,
33.42º, 35.73º, 52.58º and 59.0º disappeared, suggesting that
the original CZS phases are no longer present alone [28,29].
Instead, new peaks appear at 12.01º, 21.22º, 24.53º, 29.64º,
38.10º and 41.29º, showing significant changes in the intensity
and possibly new phases in the composite might have formed
by incorporation of metals and organic moiety (Fig. 6). Also
the crystallinity of TFL/CZS nanoparticles was found near 62%
which clearly indicate that the crystallinity range of obtained
nanoparticles i.e. TFL/CZS is between TFL and CZS. The dis-
appearance of these peaks and the appearance of new peak
indicate the immersion of the CZS component into TFL matrix,
which is responsible for alteration of the crystalline structure
[30,31]. Quantification of XRD peak intensities was conducted
by calculating full width at half maximum (FWHM), peak are
and intensity ratios for the different phases. Statistical analysis
was performed to evaluate the significant variations in peak
intensities and crystallinity percentages across samples.

Fig. 5. TEM images of TFL/CZS at different magnifications
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Fig. 6. XRD pattern of (a) leaf powder i.e. TFL, (b) inorganic salts i.e. Cu-
Zn and (c) bi-metallic nanoparticles i.e. TFL/CZS

The Debye-Scherrer’s formula was used to calculate the
crystallite size from XRD data as:

K
D

cos

λ=
β θ

where D = crystallite size (in nm), K = shape factor (typically
0.89 for spherical particles), λ = X-ray wavelength (depends
on the X-ray source), β = full width at half maximum (FWHM)
of the peak (in radians), θ = Bragg angle (the diffraction angle,
in degrees).

Biological activities: Evaluation of antimicrobial activity
of TFL/CZS nanoparticles was conducted by observing the
inhibition zone against two strains of bacteria i.e. S. typhi and
B. subtilis along with two strains of fungi i.e. A. niger and E.
nigrum. The extent of antimicrobial activity and effect of
concentration was verified by preparing solutions of different
concentrations such as 10, 25, 50 and 100 µg/mL. The MIC of
TFL/CZS were observed at 14 µg/mL. The antimicrobial activity

evaluated at different concentrations of TFL/CZS nanoparticles
was also compared with the standard drugs i.e. neomycin and
fluconazole (15 µg/mL). The results revealed that the synthesized
nanoparticles showed excellent antimicrobial activity against
both bacterial and fungal strains. The inhibition zones (mm)
of varying sizes were obtained as mentioned in Table-2. The
zone of inhibition for 100 µL TFL/CZS nanoparticles solution
was found to very close that has been exhibited by standard
drugs i.e. (21.5 ± 0.4-0.7) and (20 ± 0.4-0.7) for bacterial strains
and (19 ± 0.4-0.7) and (21 ± 0.4-0.7) for fungal strains.

Anti-angiogenic activity: The chicken chorioallantoic
membrane (CAM) is an economical, simple and commonly
used method to find the initial screening in the form of potential
inhibitors of angiogenesis. In this study, two eggs were used
to evaluate the ability of synthesized nanoparticles to hinder the
origination of blood vessels on CAM has shown in Fig. 7. The
percentage of inhibition of vessel growth rate in TFL/CZS nano-
particles treated groups were 28% (1 µg/mL) and 85% (10
µg/mL) in comparison with control [32,33]. The results revealed
that synthesized nanoparticles has potential to stop the growth
of neo-vascularization on CAM hence may act as excellent
anticancer agent.

Photodegradation studies: The photodegradation activity
of TFL/CZS nanoparticles was examined for Congo red dye
in sunlight irradiation. Fig. 8a-b depicts the UV photodegrad-
ation spectra of Congo red dye at regular time intervals of sun-
light exposure with TFL/CZS and CZS, respectively. The peak
intensity decreases with increase in exposure time showing
decrease in the concentration of Congo red. Fig. 8c depicts the
% degradation of Congo red dye. The% degradation found to
be 83% for TFL/CZS and 53% for CZS nanoparticles. The photo-
degradation process follows pseudo first-order kinetics as shown
in Fig. 8d. The rate constant value for TFL/CZS was found to
be 0.0027636 min-1 and 0.0147392 min-1 for CZS (Table-3)
[34]. The enhanced photoactivity of TFL/CZS may be due to
the formation of suitable band gap energies, decrease in recom-
bination of photogenerated ions, synergetic association of TFL/
CZS. This efficiently increases the absorption of visible light.

TABLE-3 
RATE AND HALF-LIFE PERIOD VALUES OF PHOTO 

DEGRADATION REACTION OF CONGO RED 

Sample Rate (min–1) Half-life period (min) 
TFL/CZS 0.0027636 30.39513678 

CZS 0.0147392 47.01747720 
 

The effect of pH on the removal of Congo red in presence
of TFL/CZS and CZS was studied in the pH range 3-11 and
plots are shown in Fig. 9a-b. The results tabulated in Table-4

TABLE-2 
INHIBITION ZONES (mm, n = 3) OF NANOPARTICLES AGAINST BACTERIAL AND FUNGAL SPECIES 

Concentration (µg/mL) Positive control (µg/mL) 
Microorganism 

25 50 100 15 
Salmonella typhi 12 ± 0.5 16 ± 0.7 21.5 ± 0.4 23 ± 0.5 

Bacteria 
Bacillus subtilis 13 ± 0.6 16 ± 0.5 20 ± 0.5 23 ± 0.6 

Epicoccum nigrum 10 ± 0.7 13 ± 0.6 19 ± 0.4 20 ± 0.5 
Fungi 

Aspergillus niger 11 ± 0.5 13 ± 0.4 20 ± 0.7 21 ± 0.4 
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Fig. 7. Anti-angiogenic activity shown by (a) TFL (b) TFL/CZS at 1 µg/mL
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TABLE-4 
RATE CONSTANT (min–1) AND HALF TIME PERIOD (min) OF DIFFERENT PARAMETERS IN PHOTO DEGRADATION PROCESS 

Congo red  

pH Dye concentration Catalyst loading 
TFL/CZS .0133 51.88 .0223 31.02 .0225 33.70 

CZS 
3 pH 

.0066 103.76 
10 ppm 

.0092 75.22 
50 mg 

.0092 75.22 
TFL/CZS .0186 37.14 .0241 28.65 .0223 31.02 

CZS 
5 pH 

.0080 85.97 
30 ppm 

.0105 65.41 
100 mg 

.0124 55.72 
TFL/CZS .0227 30.39 .0391 17.70 .0400 17.29 

CZS 
7 pH 

.0092 75.22 
50 ppm 

.0140 49.32 
150 mg 

.0147 47.01 
TFL/CZS .0363 19.04 .0262 26.39 .0195 35.40 

CZS 
9 pH 

.0133 51.88 
70 ppm 

.0133 51.88 
200 mg 

.0082 83.58 
TFL/CZS .0271 25.50 .0204 33.81 .0145 47.76 

CZS 
11 pH 

.0105 65.41 
90 ppm 

.0080 85.97 
250 mg 

.0050 136.77 
 

showed that at pH 9 maximum degradation rate 43.86075949
min-1 for TFL/CZS (51.88135416 min-1 for CZS) was observed.
The rate values at different catalyst concentration are shown
in Table-4. For Congo red dye, Fig. 9c-d shows the effect of
catalyst loading on the % degradation of dye with TFL/CZS
and CZS. The maximum rate of Congo red dye degradation
was 0.0400 min-1 with 150 mg of TFL/CZS loading and 0.0147
min-1 with 150 mg of CZS loading. As the dosages amount incre-
ased above 150 mg L-1, the rate start to decrease because the
higher concentration of catalyst block the passage of light as a
result of which efficacy of overall degradation process get decl-
ined [35-37]. The rate of removal of Congo red dye was maxi-
mum 0.0391 min-1 with TFL/CZS (0.0140 min-1 with CZS)
for 50 ppm of dye concentration (Fig. 9e-f). As the concentra-
tion of Congo red increases the rate decreases. The decline is
due to the lack of active sites with increase in Congo red dye
concentration [38]. All active sites get saturated and hinder
the photodegradation process.

Conclusion

A simple and economical approach for the synthesis of
bimetallic (Cu-Zn) nanoparticles using Trifolium alexandrinum
leaf extract is achieved. The green method employed minimal
chemicals, making it eco-friendly and sustainable. The inform-
ation of TFL/CZS nanoparticles was confirmed through spectral
and analytical techniques, including FTIR, SEM, TEM, XRD
and EDX, with changes in colour and spectral data indicating
successful synthesis. The bimetallic nanoparticles exhibited
significant antimicrobial and anti-angiogenic activities, with
inhibition percentage quantified for angiogensis suppression.
The photocatalytic potential of nanoparticles was tested against
Congo red dye, demonstrating an % degradation rate at different
concentrations and time intervals, proving their effective-ess
in the wastewater treatment. Furthermore, the crystallinity anal-
ysis (XRD) also confirmed the structural stability of synthesized
bimetallic (TFL/CZS) nanoparticles exhibiting 62% crystallinity.
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