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Abstract 
Nanoparticles have expanded their horizon in different 

sectors like cosmetics, medicines and agrochemicals. 

The synthesis of nanoparticles using plant extract is a 

very efficient, cost-effective, useful and ecologically 

friendly technology. Lantana camara is one of the 

potential plants for biosynthesis of nanoparticles due 

to its easy availability. In the present study, the Lantana 

camara plant extract was exploited for synthesis of 

copper, zinc and copper-zinc nanoparticles. UV-Vis 

spectroscopy, Fourier Transform Infrared and 

Dynamic light scattering were performed for 

characterization of synthesized nanoparticles. UV-Vis 

spectroscopy provided corroborating evidence, 

affirming the optical properties of the zinc, copper and 

copper-zinc nanoparticles with an observed absorption 

peak at 398, 570 and 437 nm. X-ray diffraction analysis 

unequivocally confirmed the crystalline nature of the 

zinc, copper and copper-zinc nanoparticles, revealing 

an average particle size of 18.7, 37.0 and 14.4 nm.  

 

Further insights from Field emission scanning electron 

microscopy elucidated that the nanoparticles exhibited 

an irregular shaped with agglomeration, displaying 

particle sizes ranging around 38.8 nm. The 

polydispersity index of synthesized copper, zinc and 

copper-zinc nanoparticles was 0.486, 0.344 and 0.243 

with net surface charge of -35.56, -34.87 and 34.13mV 

which infers to the stability of nanoparticles. 

Biosynthesized copper, zinc and copper-zinc 

nanoparticles revealed potent dye degradation 

potential against Congo red dye. 
 

Keywords: X-ray diffraction, Polydispersity Index, 

Degradation. 

 

Introduction 
Medicinal plants have been utilized to combat illness since 

the dawn of civilization. Most current medications are 

generated from plant sources or their derivatives for various 

medicaments and they are widely used in the pharmaceutical 

business42. It is reported that about 50% of all fatality in 

developing countries is mainly due to the current infectious 

diseases22. This circumstance has led researchers to create 

effective new antibacterial drugs. Exploration of medicinal 

plants for curative purposes is primarily based on existing 

traditional knowledge from specialists and the local 

population31,35.  

 

Due to its exceptional healing potential, Lantana camara of 

Verbenaceae family is a medicinal aromatic plant and occurs 

in most parts of the world as an evergreen notorious weed 

species. It is also regarded as an ornamental garden plant. It 

is commonly utilized in traditional medicinal practices to 

address a variety of health conditions. Almost all plant parts 

are used to treat a variety of human illnesses including 

measles, chicken pox, tetanus, malaria, malignancies, 

asthma, ulcers, fevers, eczema, skin rashes, heart problems 

and rheumatism13,20. In addition, L. camara leaf extracts and 

essential oil have larvicidal, antioxidant, anti-inflammatory, 

analgesic, antidiabetic, hypolipidemic, anthelmintic, wound 

healing and antipyretic characteristics34,42.  

 

The plant's therapeutic potential is attributed to the presence 

of numerous bioactive phytocompounds such as terpenoids, 

alkaloids, flavonoids, polyphenols, glycosides and steroids 

as significant phytoconstituents17. The plant's therapeutic 

potential is because of numerous bioactive phytocompounds 

such as terpenoids, alkaloids, flavonoids, polyphenols, 

glycosides and steroids as significant phytoconstituents17. 

Certainly, additional research is needed to investigate the 

potential benefits of Lantana camara in addressing a variety 

of health conditions.  

 

Nanotechnology is the utilization of nanoscale materials 

with diameters ranging from 1 to 100 nm.10 Operating with 

nanomaterial has allowed researchers to have a much better 

understanding of biology. The green synthesis of 

nanoparticles has significantly reduced the use of physical 

and chemical processes.  

 

Researchers are increasingly using the green synthesis 

approach because it uses less harmful chemicals, is 

environmentally benign and allows for the production of 

nanoparticles in a single step. As a result, it is important to 

note that nanoparticle production using plants has significant 

advantages over other biological systems because plants are 

readily available and the biogenic synthesis procedure is less 

costly and time-consuming than biosynthesis using fungal 

sources, which requires very long, tedious and aseptic 

culture. Nanoparticles have been synthesized using 

biological organisms like bacteria, yeast, fungus along with 

plant extracts obtained from plant parts. The active 
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biological ingredient found in plant parts such as enzyme 

acts as a reducing and capping agent, lowering the overall 

cost of the synthesis process40.  

 

Lantana camara has been utilized for synthesis of various 

nanoparticles which include silver, gold, copper, zinc, iron 

etc. copper and zinc nanoparticles have been shown to have 

various environmental remediation potential. This present 

work reports the synthesis of zinc, copper and copper-zinc 

based nanoparticles prepared from an important medicinal 

plant, Lantana camara. Characterization of Zn, Cu and Cu-

Zn NPs was done by using UV–Visible spectroscopy, XRD, 

SEM, EDX and DLS. Dye degradation activity of 

synthesized zinc, copper and copper-zinc was also 

evaluated.  

 

Material and Methods 
Preparation of the Plant leaf extract: The harvested 

Lantana camara leaves underwent a thorough washing with 

de-ionized water, until no foreign material remained and 

then oven dried at 50ºC till moisture needs to be completely 

removed by evaporation and ground to fine powder19,39. 10g 

of leaf was ground to fine powder and stirred with 100 ml of 

deionized water at 85ºC for 20 min31,38. The leaf extract was 

filtered with Whatmann no.1 filter paper and the filtrate was 

stored at 4ºC. This extract fulfilled a dual purpose both as a 

reducing and as stabilizing agent. 

 

Synthesis of Zn Nanoparticles: An aqueous solution of 

90ml (0.025M) zinc nitrate hexahydrate was added to 10ml 

of Lantana camara leaf extract and the mixture was stirred 

with a magnetic stirrer at room temperature. The color of the 

solution changed from colourless to cream colour solution. 

The primary method of identifying the creation of zinc 

nanoparticles was color change26. The nanoparticles were 

extracted by heating the solution at 75°C and till it converted 

to powdered zinc oxide nanoparticle. After that, the mixture 

is reduced to a paste with a bright yellow color by boiling 

it33. 

 

Synthesis of Cu Nanoparticles: For Cu NPs synthesis, 

10ml of plant extract using leaves was mixed with 90 mL of 

0.025M copper sulphate pentahydrate solution with constant 

stirring at 75°C. Colour change of the solution was 

monitored from bluish to light green9. The solid portion in 

the product was separated by centrifugation at 3000 rpm for 

20 min at 4°C, washed four times with deionized water and 

ethanol, the pellet was dried in a hot air oven. 

 

Synthesis of Cu-Zn bimetallic NPs: To synthesize 

bimetallic nanoparticles (Cu-Zn), a solution was prepared by 

transferring 0.025M zinc nitrate hexahydrate and 0.025M 

copper sulphate into 90ml of deionized water. Following 

that, 10ml of extract was gradually added to the mixture. The 

resulting solution underwent continuous stirring on a 

magnetic stirrer at 75°C for duration of 3h, during which the 

solution was observed for colour transition from light blue 

to dark green. After this process, the solution was subjected 

to centrifugation at 3000 rpm using for 20 min at 4°C, after 

that NPs were washed four times with distilled water and 

ethanol to remove water impurities and then nanoparticles 

were stored in dry bottles for further analysis. The collected 

mixture was then dried and calcined at 400°C to form 

bimetallic nanoparticles39. 

 

Optimization study for bimetallic Cu-Zn nanoparticles: 
The effect of various contents on the synthesis of Cu-Zn NPs 

was investigated using different concentrations of copper 

sulphate and zinc nitrate (10mM, 15mM, 20mM, 25mM, 

30mM). The surface plasmon resonance (SPR) peaks were 

obtained using a spectrophotometer. The effect of different 

concentrations (1:9, 2:8, 3:7, 4:6, 5:5) of Lantana camara 

leaves extract to Cu-Zn salt on nanoparticle synthesis was 

determined by SPR and UV-Vis analysis. The effect of pH 

(2, 4, 6, 8, 10), temperatures (35°C, 45°C, 55°C, 65°C, 75°C) 

and incubation times (30 minutes, 1h, 2h, 3h, 12h) on 

nanoparticle synthesis was measured 

spectrophotometrically. To determine the stability of the 

synthesized Cu-Zn NPs, they were stored at room 

temperature. 

 

Characterization of nanoparticles: The surface plasmon 

resonance of synthesized Cu-Zn NPs was investigated using 

UV spectroscopy at a 300-600 nm wavelength. The analysis 

of the derived material’s structure and elemental 

composition was conducted through Field emission 

scanning electron microscope (FESEM) and EDAX. The 

hydrophobic particle size, Zeta potential and polydispersity 

index were predicted using DLS. The use of an XRD enabled 

the investigation of crystallinity and phase purity25. X-ray 

diffraction (XRD) analysis of nanoparticles was carried out 

to study the crystalline structure in a powder XRD system 

equipped with CuKα radiation. The average size based on 

XRD was measured using the Debye–Scherrer equation i.e. 

D=Kλ / βCosθ. Then it was subjected to FT-IR spectrometer 

analysis to capture the spectrum spanning from 500 to 4000 

cm-1 to examine the functional groups present. 

 

Dye Degradation Activity: The photo catalytic dye 

degradation potential of Cu, Zn and Cu-Zn NPs was 

evaluated for Congo red. To prepare the stock solution, add 

0.1% dye to 100ml of distilled water. To make a total volume 

of 3 ml, combine 20µl of dye and 50µl of different NP 

concentrations with distilled water. Then, the solution was 

kept in sunlight. After this, a UV-Vis spectrophotometer was 

used to measure the change in intensity of color at 498 nm. 

The % degradation of dyes was estimated as follows:  

 

Dye degradation % - Ao -At /Ao ×100 

 

where At means absorbance at t and Ao denotes absorbance 

at zero time.  

 

Results and Discussion 
Visible Color Change of the Solution: Zinc, copper and 

bimetallic copper-zinc nanoparticles were successfully 
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synthesized using an herbal plant leaf extract derived from 

Lantana camara. Review of literature revealed that plant 

extracts not only facilitate controlled synthesis but also play 

roles as stabilizing and capping agents4. This convergence of 

results emphasizes the viability and potential of using plant 

extracts for eco-friendly nanoparticles synthesis14. Zinc, 

copper and copper-zinc nanoparticles formation was initially 

confirmed by change in color of solution. Color changes in 

solutions are caused by chemical compounds such as 

alkaloids, saponins, flavonoids and steroids in plant 

extracts32, which act as reducing agent, converting copper-

zinc ions to copper-zinc atoms.  

 

Visually plant extract was treated with (0.025M) Cu, Zn and 

copper-zinc aqueous solution showing a color change from 

blue to light bluish green, colourless to light yellow, bluish 

solution to dark green colored solution respectively as shown 

in figure 1(b, c, d). Copper-zinc nanoparticles' greenish color 

results from surface plasmon resonance in aqueous solution. 

Ramesh et al36 and Singh et al39 also reported similar 

changes in the color during nanoparticles formation. 

 

Optimization of different parameters: For efficient 

synthesis of Cu-Zn nanoparticles, effect of incubation time, 

effect of pH, effect of temperature, effect of ratio of plant 

extracts to Cu-Zn solution, effect of concentration of Cu-Zn 

solution on Cu-Zn nanoparticles formation was investigated 

and the optimum conditions for the reaction were selected as 

shown in figure 2. UV-Visible spectrums analysis was used 

to monitor the effect of incubation time on Cu-Zn 

nanoparticles concentration in the reaction mixture at 

different incubation time with a change in color of the 

solution44. The absorbance peak intensity increases 

gradually, then become constant. After a particular time of 3 

hour, no significant change was observed in synthesis of Cu-

Zn nanoparticles.  

 

 
a)                                       b)                       c)                   d) 

Figure 1: a) Lantana camara plant b) Cu solution c) Zn solution d) Cu-Zn nanoparticle solution 

 

 
 

 
Figure 2: Optimization of different parameters a) Effect of ratio of leaf extract and copper zinc solution  

b) Effect of concentration of Cu-Zn nps c) Effect of temperature d) Effect of reaction time e) Effect of pH 
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Maximum absorption in the UV-Vis spectra was used to 

confirm maximum nanoparticle formation. With the increase 

in reaction time, UV-Vis spectra show sharp narrow peak 

after 3h which indicates the maximum formation of 

nanoparticles. This single, strong band shows that the 

particles have isotropic shape and uniform size. Stability of 

nanoparticles ensures that nanoparticles can be used for a 

long time41. 

 

Higher concentrations or ratios of reducing agent to substrate 

expedite the reduction process, which is then followed by a 

capping agent to avoid aggregation. Changes in absorption 

peak in that reaction mixture were observed with varying or 

choosing different salt concentration from 10mM to 25mM. 

The maximum peak intensity was obtained at 25mM of Cu-

Zn salt. Size and shape of nanoparticles are subjected to 

change according to change in concentration of plant extract 

from 1ml to 5ml in 25mM Cu-Zn solution of volume in 100 

ml. When we increase the volume of extract of plant leaves, 

the sample absorbance increased which in turn depicts that 

the on increasing the concentration of plant extract the Cu-

Zn particle size gets reduced27. 

 

pH and temperature are physical characteristics that 

influence nanoparticle form. Temperature plays a critical 

role in synthesis of nanoparticles and also on size and shape 

of nanoparticles synthesized. The temperature was varied 

from 35°C to 75°C at an interval of 10°C. When temperature 

was increased, an increase in nanoparticle synthesis was 

observed in the reaction mixture, which again depends on 

faster reduction rate of Cu-Zn ions depicted by change in 

color from green to dark bluish green within minutes. 

Optimum temperature was obtained for our experiment as 

75°C. Whereas on increasing temperature further above 

75°C, the absorbance peak broadens which shows increased 

particle size27. 

 

pH changes affect particle shape and size because pH can 

alter the charge of biomolecules, affecting their capping and 

stabilizing abilities.  The effects of pH on the biosynthesis of 

Cu-Zn NPs were investigated for the optimum conditions for 

producing Cu-Zn NPs. At low pH 2, no nanoparticles are 

formed. The intensity of absorption increases as the pH rises 

from 2 to 8, but it lowers again at pH 10. The results revealed 

that pH 8 had a significant impact on the size of the 

nanoparticle. It appears that at lower pH values, the rate of 

nucleation is considerably higher, resulting in a large 

number of Cu-Zn nuclei and as a result, delayed expansion 

of the Cu-Zn lattices9. 

 

UV-Vis spectrophotometer analysis: The electromagnetic 

induction excited the free conduction band electrons whose 

surface resonance results in absorptions of NPs on certain 

wavelength under UV- spectroscopy. This resonance was 

observed because the incident light wavelength exceeded the 

particle diameter. Optical properties of monometallic and 

bimetallic nanoparticle were studied using UV-Vis 

spectrophotometer analysis. UV spectra of monometallic 

and bimetallic nanoparticle are given in figure 3. Zn NPs 

resulted in absorption peaks in the UV-Vis spectrum at 

398nm28. Surface Plasmon absorption of the metal oxide 

resulted in these peaks21. The reduction of Cu nanoparticles 

was confirmed by using UV-Vis spectrum which showed a 

distinct peak at 570nm17.  

 

The UV-visible spectrum of Cu–Zn nanoparticles exhibited 

a distinct peak 437nm. There were no further peaks in the 

UV-Vis spectra, indicating that nanoparticle agglomeration 

was either absent or minimal. These findings are consistent 

with previous research by Elumalai and Velmurugan who 

studied the green manufacturing of monometallic zinc Nps 

using Lantana camara leaf extract similar to present report 

except that bimetallic NPs were synthesized in investigation. 

Furthermore, the outcomes of this green synthesis approach 

for Zn-NPs are consistent with the observations made by 

Parthasarathy et al30. Similar to present study, Tiwari et al43 

studied the UV–Vis spectrum of the green synthesized ZnO 

NPs revealing two prominent absorption peaks at 355 nm 

and 370 nm with energy band gap of 2.986 eV.  

 

XRD analysis: XRD is used for characterization of 

nanoparticles of any sizes and the observed changes in 

positions of diffraction peaks are used to make conclusions 

on how crystal structure and cell parameters change with the 

change in nanoparticles shape and size. Diffraction peaks for 

copper nanoparticles (Figure 4, Graph b) were observed at 

28.55, 32.02, 38.72, 42.99 and 44.38 of 2θ which correspond 

to (101), (103), (004), (112) and (200) crystal planes and in 

good coordination with JCPDS8,12. Diffraction peaks for 

zinc nanoparticles (Figure 4 Graph-a) were observed at 

26.91, 31.80, 34.37, 36.24, 39.81 and 48.41 of 2θ which 

correspond to (002), (101), (103), (004), (112) and (200) 

crystal planes2.    

 

 
Figure 3: UV- visible spectrum observed for Zn, Cu and Cu-Zn nanoparticles 
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Table 1 

Comparative analysis of XRD spectrum of a) Zn b) Cu and c)Cu-Zn nanoparticles 

 
 

 
Figure 4: Comparative analysis of XRD spectrum of  a)Zn nps b) Cu nps c)Cu-Zn nanoparticles 

 

 
Figure 5: FTIR analysis of Cu-Zn nanoparticles synthesized 



Research Journal of Biotechnology                                                                                                        Vol. 21 (1) January (2026)  
Res. J. Biotech. 

https://doi.org/10.25303/211rjbt028037        33 

Diffraction peaks for Copper-Zinc nanoparticles (Graph-c) 

were observed at 22.80, 31.29(Zn), 36.70(Zn), 38.85(Cu) 

and 48.42 (Zn) of 2θ which correspond to (002), (101), 

(103), (004) and (200) crystal planes for copper and zinc 

nanoparticles respectively which were in good agreement 

with reference to the unit cell of face-centered-cubic 

structure by comparing with JCPDS (Joint Committee for 

powder diffraction standards) data. 

 

Apart from these peaks responsible for nanoparticles, the 

recorded XRD pattern shows additional unassigned peaks 

owing to formation of the crystalline bioorganic 

compounds/metalloproteins that are present in the plant 

extract. Tiwari et al43 and Daimari et al5 reported similar 

XRD analysis results with particle sizes ranging from 7 to 23 

nm with an average size of 16.49 nm. 

 

Fourier Transform Infrared (FTIR): FTIR analysis 

scanned the samples for inorganic, organic and polymeric 

material used for the identification utilizing infrared light. 

FTIR analysis was utilized to identify the functional groups 

on the surface of the produced nanoparticles. The FTIR was 

carried out between the wavelength 500 cm−1 to 4000 cm−1. 

The strong peaks were observed at 3288cm−1, 2924cm−1, 

2129cm−1, 1599cm−1, 1427cm−1, 1043cm−1and 672cm−1 in 

FTIR spectrum of copper zinc nanoparticles synthesized by 

leaf extract as shown in figure 5. Broad peak obtained at 

3288 corresponded to OH stretching vibrations, peak in the 

range of 1599 and 1427 corresponded to C=C stretch in 

aromatic ring and C=O stretch in polyphenols and C–N 

stretch of amide-I in protein.  

 

Weak peaks obtained at 1043 and 672 demonstrated the 

presence of C–O stretching in amino acid, C–N stretching 

and C–H bending respectively similar to study of Iashin et 

al16. The spectra of fungal medium filtrate bands at 3263, 

2940, 2861, 1719, 1577, 1386 and 1031 cm-1 referred to 

hydroxyl groups vibration stretching, C–H groups 

asymmetric stretching vibration of aliphatic groups and 

polyphenol skeleton of aromatic structures15. 

 

Field emission Scanning electron microscope (FESEM): 
FESEM analysis is done to visualize shape and size of 

nanoparticle. FESEM images showed that nanoparticles 

were irregular and range from 10-80 nm with average size of 

38.28nm, σ=15.79 in figure 6 when analysed using Image J 

software. Singh et al39 reported the SEM image in a 

bimetallic with metallic shiny particle aggregated with a size 

lower than 50 nm. 

 

Energy Dispersive Spectroscopy (EDS): EDS was used to 

elucidate the elemental composition of copper-zinc 

nanoparticle, as illustrated in figure 7. The obtained EDS 

analysis showed the copper and zinc amount of 79.79 and 

20.21 wt% respectively. The revelation of carbon in the plant 

extract confirmed the eco-friendly synthesis approach and 

highlighted the impact of natural components on the final 

composition. Elemental mapping of BNPs as shown in 

figure 8 revealed that Zn and Cu NPs were consistently 

dispersed and confined within a well-defined area, 

suggesting a well-controlled synthesis process with precise 

nanoparticle arrangement.  

 

Carbon identified during mapping could be derived from the 

plant extract utilized in the manufacturing process. The 

mapping reveals a reciprocal interaction between Zn and Cu 

NPs, which explains their diverse geographical distribution. 

These patterns revealed a close link and shed light on the 

cooperative action that happened during BNP formation. 

Cao et al3 and Daimari et al5 reported comparable results, 

with weight percentages of Zn, Cu and O-atoms detected in 

bimetallic nanoparticles green synthesised from Eryngium 

foetidum leaf extract of 34.28%, 30.12% and 25.06%. 

 

Zeta potential particle size analysis: The particle size and 

Zeta potential of green synthesized Cu, Zn and Cu-Zn were 

determined in an aqueous solution using a particle size 

analyser. The PDI parameter is used to assess the 

homogeneity of nanoparticles. The size distribution and Zeta 

potential of the prepared Cu, Zn and Cu-Zn nanoparticles 

were measured at temperature 24.54°C, 25.85°C and 

25.04°C. The polydispersity index (PdI) of synthesized Cu, 

Zn and Cu-Zn nanoparticles was below 0.486, 0.344 and 

0.243 with net surface charge of -35.56, -34.87 and 34.13mV 

which infers to the stability of nanoparticles in figure 9. It is 

well known that the size and charge on surface distribution 

play key roles in the biological activity of prepared NPs23,24.  

 

 
Figure 6: Field emission Scanning electron microscope analysis of Cu-Zn nanoparticles 
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Figure 7: EDS spectrum of synthesised copper-zinc nanoparticles  

 

 
Figure 8: EDS elemental Mapping of copper-zinc nanoparticles 

 

 
Figure 9: Zeta potential of a) Zn nanoparticles b) Cu nanoparticle c) Cu-Zn nanoparticle 

 
Figure 10: Dye degradation activity of a) Cu nanoparticle b) Zn nanoparticle c) Cu-Zn nanoparticle 
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Dye Degradation Activity: One of the efficient applications 

of Cu, Zn and Cu-Zn NPs is dye degradation. Congo red is 

an extremely toxic and non-biodegradable azo dye. It is 

primarily derived from dyeing companies that pollute water. 

This has a deleterious impact on the aquatic ecosystem's 

balance. In the present investigation, different 

concentrations of the synthesized Cu, Zn and Cu-Zn NPs had 

been applied over the dye for its degradation. The results are 

shown in figure 10. 

 

From the UV-Vis plot within 2 hours, degradation of dye 

using nanoparticles was observed. The absorption peak of 

the dye molecules gradually decreases as the time passes, 

when the absorption peak disappears, the color of the 

solution changes from red to colourless. Complete dye 

degradation was not detected; only a maximum of 50% 

degradation was noted. The Congo red degradation reaction 

was monitored by UV-Vis spectrophotometer at 498 nm. 

Kolya et al19 and Ahsani-Namin et al1 demonstrated azo dye 

(Congo red) degradation utilising Amaranthus gangeticus-

derived silver nanoparticles and the synthesis of copper zinc 

oxide using Eryngium planum plant extract as a natural 

green fuel demonstrating remarkable adsorption capacity for 

Congo red dye. Rani et al37 reported the elimination of 

organic dyes with green synthesis silver nanoparticles. 

 

Conclusion 
Zinc, copper and bimetallic copper zinc nanoparticles were 

successfully synthesized using Lantana camara leaf extract 

and subjected to a comprehensive characterization 

employing modern analytical techniques. Reduction of the 

monometallic and bimetallic during exposure, followed 

color change of the solution from blue to light bluish green, 

colourless to light yellow, bluish solution to dark green 

colored solution of Cu, Zn and copper-zinc. Optimization of 

some parameters was also done for the efficient formation of 

Cu-Zn nanoparticles. X-ray diffraction (XRD) analysis 

unequivocally confirmed the crystalline nature of the Zn, Cu 

and Cu-Zn -NPs, revealing an average particle size of 18.7, 

37.0 and 14.4 nm.  

 

Further insights from Field emission scanning electron 

microscopy (FESEM) elucidated that the nanoparticles 

exhibited an irregular shaped with agglomeration, displaying 

particle sizes ranging around 38.8 nm. The polydispersity 

index (PdI) of synthesized Cu, Zn and Cu-Zn nanoparticles 

was below 0.486, 0.344 and 0.243 with net surface charge of 

-35.56, -34.87 and 34.13mV which infers to the stability of 

nanoparticles. UV-Vis spectroscopy provided corroborating 

evidence, affirming the optical properties of the Zn, Cu and 

Cu-Zn -NPs with an observed absorption peak at 398, 570 

and 437 nm.  

 

Because of this reason, synthesizing metallic nanoparticles, 

especially by non-toxic green synthesis method, is used in 

many application fields such as cancer treatment, drug 

transport, biosensor construction which are of great 

importance today. These compelling findings hold 

significant promise for potential agricultural applications 

aimed at enhancing seed germination rates and superior 

capacity for enhancing seedling growth and overall yield. By 

utilizing these findings, agricultural practices could be 

further advanced to contribute to improved crop production 

and sustainable agricultural practices.   
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