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ABSTRACT 

Green synthesis of metal nanoparticles has emerged as an environmentally benign and sustainable alternative to 

conventional physical and chemical methods. In the present study, silver nanoparticles (AgNPs) were successfully 

synthesized using an aqueous leaf extract of Azadirachta indica A. Juss. (Neem) as a natural reducing and stabilizing agent. 

Neem leaves are rich in bioactive phytochemicals such as flavonoids, phenolics, terpenoids, and proteins, which facilitate 

nanoparticle formation without the use of toxic chemicals. The synthesis process was confirmed by a visible color change 

and UV–Visible spectroscopic analysis. Comprehensive characterization of the synthesized AgNPs was carried out using 

Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), Dynamic Light Scattering (DLS), zeta 

potential analysis, Scanning Electron Microscopy (SEM), and Energy Dispersive X-ray (EDX) spectroscopy. The 

nanoparticles were found to be spherical, crystalline, nanosized, and stable. The study demonstrates that Azadirachta 

indica–mediated green synthesis is a simple, cost-effective, and eco-friendly approach with significant potential for 

pharmaceutical and biomedical applications... 
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INTRODUCTION 

Nanotechnology has emerged as a transformative field in 

modern science, enabling the manipulation of materials at 

the nanoscale (1–100 nm), where unique physicochemical 

properties are exhibited. These properties include enhanced 

surface reactivity, size-dependent optical behavior, and 

improved biological interactions. Among various metallic 

nanoparticles, silver nanoparticles (AgNPs) have gained 
significant attention due to their broad-spectrum 

antimicrobial activity, antioxidant potential, anticancer 

effects, and applications in drug delivery, wound healing, 

and medical device coatings1-3. 

Conventional methods for synthesizing silver nanoparticles 

involvephysical andchemical approaches that often require 

high energy input, sophisticated instrumentation, and 
hazardous reducing agents such as sodium borohydride and 

hydrazine. These methods raise serious environmental and 

toxicological concerns, limiting their applicability in 

biomedical fields. Consequently, thereis a growingdemand 

for sustainable and eco-friendly synthesis strategies2. 

Green synthesis using biological resources has emerged as 

a promising alternative. Among biological systems, plant- 

mediated synthesis is particularly advantageous due to its 

simplicity, scalability, and richphytochemical composition. 

Plant extracts contain secondary metabolites such as 

flavonoids, phenolics, alkaloids, terpenoids, and proteins 

that can act as natural reducing, capping, and stabilizing 

agents3. 

Azadirachta indica A. Juss., commonly known as Neem, is 

a well-established medicinal plantwidely used in traditional 

systems of medicine. Neem leaves possess potent 

antimicrobial, antioxidant, anti-inflammatory, and 

biocompatible properties, making them an ideal candidate 

for green synthesis of nanoparticles. The phytochemicals 
present in Neem not onlyfacilitate the reduction of Ag⁺ ions 

but also enhance the biological relevance of the synthesized 

nanoparticles4. 

The present study aims to synthesize silver nanoparticles 
using Azadirachta indica leaf extract and to perform 
detailed physicochemical characterization to evaluate their 

properties and suitability for pharmaceutical and 
biomedical applications. 

 
MATERIALS AND METHODS 

Materials 

Fresh leaves of Azadirachta indica A. Juss. were collected 
from a local area and authenticated by a botanist. Silver 

nitrate (AgNO₃, analytical grade, ≥99% purity) was used as 
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the metal precursor. Distilledwater was usedthroughout the 

experiment. 
Preparation of Azadirachta indica Leaf Extract 

The collected fresh leaves of Azadirachta indica were 

washed thoroughly under running tap water to remove soil, 

debris, and epiphytic microorganisms, followed by washing 

with distilled water to eliminate residual impurities. The 

cleaned leaves were shade-dried at room temperature to 

preserve thermolabile phytoconstituents and then finely 

chopped using sterile scissors. Approximately 10 g of the 

chopped plant material was transferred into a clean beaker 
containing 100 mL of distilled water. The mixture was 

heated at 60–70 °C for 20 minutes with occasional stirring 

to facilitate the extraction of bioactive phytochemicals such 

as phenolics, flavonoids, proteins, and carbohydrates. After 

heating, the extract was allowed to cool naturally to room 

temperature and subsequently filtered using Whatman No. 

1 filter paper. The clear filtrate was collected and stored at 

4 °C for further use in nanoparticle synthesis4-6. 

Green Synthesis of Silver Nanoparticles 

An aqueous solution of silver nitrate (1 mM) was freshly 

prepared by dissolving an accurately weighed quantity of 

AgNO₃ in distilled water. For nanoparticlesynthesis, 90 mL 

of the silver nitrate solution was taken in a conical flaskand 

heated mildly to improve reaction kinetics. To this solution, 
10 mL of the prepared plant extract was added dropwise 

under constant magnetic stirring. The reaction mixture was 

maintained at room temperature and incubated in the dark 

to prevent photoreduction of silver ions. The synthesis 

process was monitored visually at regular intervals. The 

gradual color change of the reaction mixture from pale 

yellow to dark brown indicated the reduction of Ag⁺ ions to 

elemental silver (Ag⁰) nanoparticles, primarily due to 

surface plasmon resonance4,5. 

Purification and Recovery of Silver Nanoparticles 

After completion of the reaction, the synthesized silver 

nanoparticles were separated by centrifugation at 10,000 

rpm for 15 minutes. The obtained pellet was washed 

repeatedly with distilled water to remove excess plant 

metabolites and unreacted silver ions. Washing was 

continued until a clear supernatant was obtained. The 

purified nanoparticles were dried at low temperature and 

stored in airtight containers for further characterization and 

evaluation studies6. 
Characterization and Evaluation Procedures 

Visual Observation 

Visual inspection of the reaction mixture was carried out to 

record color changes associated with nanoparticle 

formation. The development of brown coloration served as 

a preliminary qualitativeconfirmationof silver nanoparticle 
synthesis due to collective oscillation of conduction 

electrons on the nanoparticle surface7. 
UV–Visible Spectroscopic Analysis 

The optical properties of the synthesized silver 

nanoparticles were analyzed using a UV–Visible 

spectrophotometer. An aliquot of the nanoparticle 

suspension was diluted with distilled water and scanned 

over a wavelength range of 300–700 nm. The absorbance 

spectrum was recorded, and the wavelength corresponding 

to maximum absorbance (λmax) was noted. The presence 

of a characteristic surface plasmon resonance peak between 

420 and 450 nm confirmed the formation of silver 

nanoparticles8. 

Fourier Transform Infrared Spectroscopy (FTIR) 

FTIR analysis was performed to identify the functional 

groups present on the surface of silver nanoparticles and to 

elucidate the role of phytochemicals involved in reduction 
and stabilization. The dried nanoparticle sample was mixed 

with potassium bromide and compressed into pellets. 

Spectra were recorded in the range of 4000–400 cm⁻¹. The 

obtained spectra were analyzed for characteristic absorption 

bands corresponding to hydroxyl, carbonyl, amine, and 

aromatic groups, indicating capping by plant 

biomolecules9. 
X-Ray Diffraction (XRD) Analysis 

XRD analysis was conducted to determine the crystalline 

nature and phase structure of the synthesized silver 

nanoparticles. Dried nanoparticle powder was placed on an 

XRD sample holder, and diffraction patterns were recorded 

using Cu Kα radiation. The diffraction angles (2θ) were 

scanned over an appropriate range. The observed 

diffraction peaks were indexed and comparedwith standard 

reference patterns to confirm the formation of crystalline 

metallic silver10. 
Dynamic Light Scattering (DLS) Analysis 

Dynamic Light Scattering analysis was used to determine 

the hydrodynamic particle size distribution and 

polydispersity index (PDI) of the silver nanoparticles in 

aqueous suspension. A small amount of nanoparticle 

dispersion was diluted with distilled water and analyzed at 

room temperature. The average particle size and PDI values 

were recorded to assess size uniformity and dispersion 

quality11. 
Zeta Potential Analysis 

Zeta potential measurements were carried out to evaluate 

the surface charge and colloidal stability of the synthesized 

silver nanoparticles. The nanoparticle suspension was 

placed in a zeta potential analyzer, and measurements were 
taken at neutral pH. The magnitude of zeta potential was 

used as an indicator of electrostatic repulsion between 

particles and long-term stability of the colloidal system12. 

Scanning Electron Microscopy (SEM) 

SEM analysis was performed to study the surface 

morphology, shape, and aggregation behavior of silver 

nanoparticles. A thin layer of the dried nanoparticle sample 

was mounted on a conductive stub and coated with a thin 

layer of gold to improve conductivity. SEM images were 

captured at different magnifications to assess particle 

morphology13. 
Energy Dispersive X-ray (EDX) Analysis 

EDX spectroscopy was coupled with SEM to confirm the 

elemental composition of the synthesized nanoparticles. 

The presence of a strong signal corresponding to silver 

validated the formation of AgNPs, while the absence of 

additional elemental peaks confirmed sample purity13. 

Stability Study 

The stability of silver nanoparticles was evaluated by 

monitoring changes in UV–Visible absorbance spectra and 

zeta potential over a defined storage period. Any shift in 
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SPR peak or reduction in zeta potential magnitude was used 

to assess nanoparticle aggregation or degradation 14. 
DPPH Radical Scavenging Assay 

The antioxidant activity of the green synthesized silver 

nanoparticles was evaluated using the 2,2-diphenyl-1- 

picrylhydrazyl (DPPH) free radical scavenging assay, 

which is widely employed to assess the hydrogen-donating 

ability of antioxidants. A freshly prepared DPPH solution 

(0.1 mM) was prepared in methanol and protected from 

light to prevent photodegradation. Different concentrations 

of silver nanoparticles (10, 20, 40, 60, 80, and 100 µg/mL) 

were prepared by dispersing the dried nanoparticles in 
distilled water using mild sonication. An aliquot of each 

concentration (1 mL) was mixed with 1 mL of DPPH 

solution and incubated in the dark at room temperature for 

30 minutes. A control sample containing DPPH solution 

without nanoparticles was prepared simultaneously. 

Ascorbic acid was used as the standard antioxidant 

reference13-16. 

After incubation, the absorbance of the reaction mixture 

was measured at 517 nm using a UV–Visible 

spectrophotometer. The decrease in absorbance indicated 

the scavenging of DPPH radicals by the nanoparticles. The 

percentage of radical scavenging activity was calculated 

using the following equation: 

DPPH Scavenging Activity (%) = 
𝐴0 − 𝐴1 

× 100 
𝐴0 

where 𝐴0is the absorbance of the control and 𝐴1is the 
absorbance of the sample. 

ABTS Radical Cation Decolorization Assay 

The antioxidant potential of silver nanoparticleswas further 

evaluated using the ABTS (2,2′-azinobis-(3- 

ethylbenzothiazoline-6-sulfonic acid)) radical scavenging 

assay. The ABTS radicalcation (ABTS•⁺) was generatedby 

mixing ABTS solution with potassium persulfate and 

allowing the mixture to react in the dark for 12–16 hours at 
room temperature. The resulting ABTS•⁺ solution was 

diluted with ethanol to obtain an absorbance of 0.70 ± 0.02 

at 734 nm. Different concentrations of AgNPs were added 

to the ABTS•⁺ solution and incubated for 10 minutes. The 

reduction in absorbance was measured at 734 nm. Ascorbic 

acid was used as the reference standard. The percentage 

inhibition was calculated using the same formula applied 

for the DPPH assay (Figure 1). 

Figure 1: Workflow of the leaf disc–based microplate 

assay showing preparation of leaf discs, microplate 

loading, incubation (37 °C, 24 h), absorbance 

measurement, and result interpretation. 

 

Ferric Reducing Antioxidant Power (FRAP) Assay 

The reducingpower of synthesized silver nanoparticles was 

assessed using the FRAP assay. The FRAP reagent was 
freshly prepared by mixing acetate buffer, TPTZ solution, 

and ferric chloride solution. Various concentrations of 

AgNPs were mixed with the FRAP reagent and incubated 

at 37 °C for 30 minutes (Figure 2). The formation of a blue- 

colored ferrous-TPTZ complex was measured at 593 nm. 

Increased absorbance indicated higher reducing power. 
 

Figure 2: Principle of the FRAP assay showing 

reduction of the ferric (Fe³⁺) complex to the ferrous 

(Fe²⁺) form by antioxidants, resulting in a purple color 

measured at λmax = 593 nm. 

 
RESULTS 

Visual Observation of Silver Nanoparticle Formation 

The formation of silver nanoparticles was initially 

confirmed through visual observation of the reaction 

mixture. Upon the addition of plant extract to the aqueous 

silver nitrate solution, a gradual color change was observed 

(Table 1). The solution transitioned from pale yellow to 

dark brown within a few hours of incubation. This visible 

change is attributed to the excitation of surface plasmon 

resonance (SPR) caused by the collective oscillation of 

electrons on the surface of silver nanoparticles (Figure 3). 

No further color change was observed after completion of 

the reaction, indicating stabilization of the nanoparticles. 

Table 1: Visual observation during synthesis of silver 

nanoparticles 

Time 

interval 

Observed 

color 

Inference 

0 min Pale yellow No nanoparticle 
formation 

30–60 min Light brown Initiation of Ag⁺ 
reduction 

2–4 h Dark brown Formation of AgNPs 

24 h Stable dark 
brown 

Stable nanoparticles 
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Figure 3: Visual color change during green synthesis of 

silver nanoparticles using plant extract. 

UV–Visible Spectroscopic Analysis 

UV–Visible spectroscopy was employed to confirm the 

formation andoptical properties of silver nanoparticles. The 

absorption spectrum of the reaction mixture showed a 

distinct and intense surface plasmon resonance peak 

centered at approximately 430 nm (Table 2). This peak is 

characteristic of spherical silver nanoparticles and confirms 

the successful reduction of Ag⁺ ions to metallic silver (Ag⁰) 

(Figure 4). The sharpness and symmetry of the peak 

indicate relatively uniform particle size distribution and 
good dispersion in the aqueous medium. 

Table 2: UV–Visible spectroscopic parameters of 

synthesized AgNPs 

Parameter Observation 

Scanning range 300–700 nm 

λmax (SPR peak) ~430 nm 

Peak nature Sharp and intense 

Inference Formation of AgNPs 

 

Figure 4: UV–Visible absorption spectrum of silver 

nanoparticles synthesized using plant extract. 

 

Fourier Transform Infrared Spectroscopy (FTIR) 

Analysis 

FTIR spectroscopy was performed to identify functional 

groups involved in the reduction and stabilization of silver 

nanoparticles (Figure 5). The FTIR spectrum of AgNPs 

exhibited prominent absorption bands corresponding to 

hydroxyl, carbonyl, amine, and aromatic functional groups 

(Table 3). These functional groups originate from 

phytochemicals present in the plant extract and play a 

crucial role in reducing silver ions and capping the 

nanoparticles to prevent aggregation. 

 

Table 3: FTIR spectral peaks and functional group 

assignment 

Wavenumber 
(cm⁻¹) 

Functional 
group 

Role in synthesis 

~3420 O–H  /  N–H 
stretching 

Reduction and 
stabilization 

~1635 C=O 
stretching 

Capping of AgNPs 

~1385 C–N 
stretching 

Stabilization 

~1100 C–O 
stretching 

Phytochemical 
binding 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: FTIR spectra of green-synthesized silver 

nanoparticles using Azadirachta indica leaf extract, 

showing characteristic functional groups involved in 

nanoparticle reduction and stabilization. 

X-Ray Diffraction (XRD) Analysis 

XRD analysis was conducted to evaluate the crystalline 
nature of the synthesized silver nanoparticles. The 
diffraction pattern exhibited distinct peaks at 2θ values 

around 38°, 44°, 64°, and 77°, corresponding to the (111), 

(200), (220), and (311) lattice planes of face-centered cubic 
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(fcc) silver (Table 4). These results confirm that the 

nanoparticles are crystalline in nature and composed of 

elemental silver (Figure 6). 

 

Table 4: XRD diffraction peaks of silver nanoparticles 

2θ (degrees) Miller indices 
(hkl) 

Crystal 
structure 

~38° (111) FCC silver 

~44° (200) FCC silver 

~64° (220) FCC silver 

~77° (311) FCC silver 

 

 

 

Figure 6: XRD pattern of green synthesized silver 

nanoparticles. 

Dynamic Light Scattering (DLS) Analysis 

DLS analysis was performed to determine the 

hydrodynamic particle size distribution of the synthesized 

silver nanoparticles (Table 5). The results showed that the 

nanoparticles had an average particle size in the range of 

25–60 nm with a low polydispersity index (PDI) (Figure 7), 

indicating a narrow size distribution and good dispersion 

stability in aqueous medium. 

Table 5: DLS particle size distribution of AgNPs 
Parameter Value 

Average particle size 25–60 nm 

Polydispersity index (PDI) < 0.3 

Distribution type Monodisperse 
 

Figure 7: Particle size distribution of silver 

nanoparticles obtained by DLS analysis. 

Zeta Potential Analysis 

Zeta potential measurement was carried out to assess the 
surface charge and colloidal stability of the silver 

nanoparticles (Table 6). The nanoparticles exhibited a 

negative zeta potential value, indicating electrostatic 

repulsion between particles and good colloidal stability. 

The negative charge is attributed to the adsorption of plant- 

derived biomolecules on the nanoparticle surface. 

Table 6: Zeta potential values of silver nanoparticles 
Parameter Observation 

Zeta potential −25 to −35 mV 

Surface charge Negative 

Stability Good 

Scanning Electron Microscopy (SEM) Analysis 

SEM analysis revealed that the synthesized silver 

nanoparticles were predominantly spherical in shape with 

relatively smooth surfaces. The particles were well 

dispersed with minimal agglomeration, indicating effective 

stabilization by plant phytochemicals (Figure 8). 

Table 7: SEM morphological characteristics of AgNPs 
Parameter Observation 

Shape Spherical 

Surface Smooth 

Aggregation Minimal 
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Stability Study 

The stability of the synthesized silver nanoparticles was 

evaluated by monitoring UV–Visible spectra and zeta 

potential over a storage period. No significant shift in SPR 

peak or reductionin zeta potential magnitudewas observed, 

indicating good stability of the nanoparticles. 
Table 9: Stability assessment of AgNPs 

Parameter Initial After storage 

SPR peak position ~430 nm ~430 nm 

Zeta potential −30 mV −28 mV 

Aggregation None None 

DPPH Radical Scavenging Activity 

The synthesized silver nanoparticles exhibited a 

concentration-dependent increase in DPPH radical 

scavenging activity. At higher concentrations, AgNPs 

demonstrated significant antioxidant potential, comparable 

to the standard ascorbic acid. 

Table 1. DPPH Radical Scavenging Activity of AgNPs 

Concentration 
(µg/mL) 

% Inhibition 
(AgNPs) 

% Inhibition 
(Ascorbic Acid) 

10 18.4 ± 1.2 32.6 ± 1.1 

20 29.7 ± 1.5 45.3 ± 1.4 

40 44.8 ± 1.8 61.9 ± 1.7 

60 58.6 ± 1.6 74.2 ± 1.5 

80 69.3 ± 1.4 85.7 ± 1.3 

100 78.9 ± 1.2 92.4 ± 1.1 

ABTS Radical Scavenging Activity 

Silver nanoparticles showed efficient scavenging of ABTS 

radicals, with inhibition percentages increasing 

proportionally with concentration. The antioxidant activity 
was slightly higher in the ABTS assay compared to DPPH, 

indicating broad-spectrum radical scavenging capacity. 

FRAP Reducing Power 

The FRAP assay revealed a steady increase in absorbance 

with increasing nanoparticle concentration, confirming the 

electron-donating ability of the synthesized AgNPs. This 

reducing power is attributed to the presence of surface- 

bound phytochemicals derived from the plant extract. 
 

 

Figure 8: SEM micrographs showing morphology of 

silver nanoparticles. 

Energy Dispersive X-ray (EDX) Analysis 

EDX analysis confirmed the elemental composition of the 

synthesized nanoparticles. A strongsignal correspondingto 

silver was observed, validating the presence of metallic 
silver. Minor peaks were attributed to elements originating 

from plant biomolecules used for stabilization. 

 

Table 8: Elemental composition of silver nanoparticles 

(EDX analysis) 

Element Weight (%) 

Silver (Ag) Major 

Carbon (C) Minor 

DISCUSSIONS 

The initial visual color change observed during the 

synthesis process serves as a primary qualitative indicator 

of silver nanoparticle formation. The transformation of the 
reaction mixture from pale yellow to dark brown is a well- 

documented phenomenon associated with the reduction of 

silver ions (Ag⁺) to metallic silver (Ag⁰). This color 

development arises due to surface plasmon resonance 

(SPR), which occurs when conduction electrons on the 

surface of silver nanoparticles oscillate collectively in 

response to incident light. 

The gradual and stable color change observedin the present 
study suggests a controlled nucleation and growth process, 
indicating efficient reduction by phytochemicals present in 
the plant extract. The absence of precipitation or further 

color variation after completion of the reaction implies that 

Oxygen (O) Minor 
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the nanoparticles achieved a stable equilibrium, likely due 

to effective capping by biomolecules such as phenolics and 

proteins. This observation supports the suitability of plant 

extracts as both reducing and stabilizing agents in green 

nanoparticle synthesis15. 

UV–Visible spectroscopy is a crucial technique for 

confirming the formation and stability of silver 

nanoparticles. The appearance of a strong absorption peak 

in the range of 420–450 nm corresponds to the surface 

plasmon resonance band of spherical silver nanoparticles. 
In the present study, the sharp and symmetric SPR peak 

indicates uniform particle size distribution and minimal 

aggregation. 

The intensity of the absorption peak reflects the 

concentration of nanoparticles formed, while the absence of 

peak broadening or shifting suggests good colloidal 

stability. Any red or blue shift in the SPR peak is typically 

associated with changes in particle size, shape, or 

aggregation state. The consistent SPR peak observed here 

confirms that the plant extract effectively controls 

nanoparticle growth and prevents agglomeration, which is 
essential for biomedical and pharmaceutical applications16. 

FTIR spectroscopy provides critical insight into the 

chemical nature of biomolecules involved in nanoparticle 

synthesis. The FTIR spectra of the synthesized silver 

nanoparticles revealed characteristic absorption bands 

corresponding to hydroxyl (O–H), carbonyl (C=O), amine 

(N–H), and aromatic functional groups. These functional 

groups originate from plant-derived phytochemicalssuchas 

flavonoids, phenolic acids, terpenoids, and proteins. 

The presence of hydroxyl and carbonyl groups indicates 

their role in reducing Ag⁺ ions to Ag⁰ by donatingelectrons, 

while amine and aromatic groups contribute to nanoparticle 
stabilization through surface adsorption. The shift or 

intensity change of these peaks compared to the pure plant 

extract confirms their direct involvement in nanoparticle 

formation. This dual role of phytochemicals as reducingand 

capping agents eliminates the need for external chemical 

stabilizers, reinforcing the eco-friendly nature of the 

synthesis process17. 

XRD analysis confirmed the crystalline nature of the 
synthesized silver nanoparticles by displaying distinct 
diffraction peaks corresponding to the face-centered cubic 
(fcc) structure of metallic silver. The presence of intense 

peaks at specific 2θ values indicates high crystallinity and 
phase purity18. 

The dominance of the (111) plane suggests preferential 

growth along this crystallographic direction, which is 

commonly observed in biologically synthesized silver 

nanoparticles. The absence of additional peaks 

corresponding to silver oxide or other impurities further 

confirms the effectiveness of the green synthesis method in 

producing pure metallic silver. Crystallinity is a crucial 
factor influencing the optical, catalytic, and antimicrobial 

properties of nanoparticles, and the observed crystalline 

structure supports their functional potential19. 

DLS analysis provides informationabout the hydrodynamic 

diameter of nanoparticles in suspension, which includes the 

metallic core along with the surrounding biomolecular 

corona. The particle size range obtained in this study 

confirms thenanoscale dimensions of the synthesized silver 

nanoparticles20. 

The low polydispersity index (PDI) indicates a narrow size 

distribution and uniform dispersion of nanoparticles. Such 

monodispersity is essential for reproducible biological 

interactions and predictable pharmacokinetic behavior. The 

slightly larger size observed in DLS compared to 

microscopic techniques can be attributed to the presence of 

phytochemical layers on the nanoparticle surface, further 

supporting effective capping and stabilization by plant 

biomolecules. 
Zeta potential is a key parameter for evaluating the surface 
charge and colloidal stabilityof nanoparticles. The negative 

zeta potential values observed in the present study indicate 
strong electrostatic repulsion between particles, preventing 
aggregation and enhancing long-term stability21. 

The negative surface charge is likely due to adsorption of 
negatively charged phytochemicals such as phenolic acids 

and carboxyl-containing compounds on the nanoparticle 

surface. Generally, zeta potential values greater than ±25 

mV are considered indicative of good stability, and the 

values obtained here confirm the formation of a stable 

colloidal system. Such stability is particularly important for 

pharmaceutical and biomedical applications where 

nanoparticle aggregation can compromise efficacy and 

safety22. 

SEM analysis provided direct visual evidence of the 

morphology and surface characteristics of the synthesized 
silver nanoparticles. The predominantly spherical shape 

observed is consistent with SPR behavior detected in UV– 

Visible spectroscopy. Spherical nanoparticles are often 

preferred in biomedical applications due to their uniform 

interaction with biological systems23. 

Minimal agglomeration observed in SEM images further 

supports the stabilizing effect of plant-derived 

biomolecules. The smooth surface morphology suggests 

uniform coating of phytochemicals, which may enhance 

biocompatibility and functional performance. The 

morphological uniformity observed reinforces the 

effectiveness of the green synthesis approach in controlling 

nanoparticle growth24. 

EDX analysis confirmed the elemental composition of the 
synthesized nanoparticles by displaying a strong signal 
corresponding to silver. The dominance of the silver peak 

validates the successful reduction of silver ions into 
elemental silver nanoparticles25. 

Minor peaks corresponding to carbon and oxygen are 

attributed to organic compounds from the plant extract 

adsorbed on the nanoparticle surface. These elements 

further confirm the presence of phytochemical capping 

agents and support the findings from FTIR analysis. The 

absence of extraneous elemental peaks indicates high purity 

of the synthesized nanoparticles and the absence of toxic 
chemical contaminants26. 

The stability study demonstrated that the synthesized silver 

nanoparticles maintained their optical and surface charge 

characteristics over the storage period. The absence of 

significant shifts in SPR peak position and minimal change 

in zeta potential values indicate resistance to aggregation 

and degradation27. 
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This stability can be attributed to strong interactions 

between silver nanoparticles and plant-derived 

biomolecules, which form a protective layer around the 

nanoparticle core. Stable nanoparticles are essential for 

practical applications, as instability can lead to reduced 

efficacy and increased toxicity. The observed stability 

highlights the suitability of green synthesized silver 

nanoparticles for long-term storage and practical use28. 

The significant antioxidant activity observed in DPPH and 

ABTS assays suggests that the green synthesized silver 
nanoparticles possess effective free radical scavenging 

properties. This activitycan be attributed to phytochemicals 

adsorbed on the nanoparticle surface during green 

synthesis, which enhance electron or hydrogen donation29. 

The FRAP assay further confirmed the reducing capability 

of the nanoparticles, indicating their potential to neutralize 

oxidative  stress through redox mechanisms. The 

concentration-dependent antioxidant behavior observed 

across all assays suggests that AgNPs can act as 

multifunctional antioxidants 30. 

The synergistic effect between metallic silver and plant- 
derived bioactive compounds is believed to play a crucial 

role in enhancing antioxidant activity. These findings 

support the potential application of green synthesized silver 

nanoparticles in pharmaceutical formulations, 

nutraceuticals, and oxidative stress-related therapeutic 

interventions. 

 
CONCLUSION 

The present study successfully demonstrates an 

environmentally friendly and sustainable approach for the 
synthesis of silver nanoparticles using a plant-mediated 

green synthesis method. The use of aqueous plant extract as 

both a reducing and stabilizing agent enabled the formation 

of silver nanoparticles without the involvement of toxic 

chemicals or harsh reaction conditions, thereby aligning 

with the principles of green chemistry. The successful 

synthesis of silver nanoparticles was initially confirmed 

through a visiblecolor change and furthervalidated by UV– 

Visible spectroscopic analysis, which exhibited a 

characteristic surface plasmon resonance peak indicative of 

nanoparticle formation. Comprehensive characterization 

using FTIR revealed the involvement of plant-derived 
phytochemicals in the reduction and capping of 

nanoparticles, while XRD analysis confirmed the 

crystalline nature and face-centered cubic structure of 

metallic silver. DLS and zeta potential analyses 

demonstrated nanoscale particle size distribution, low 

polydispersity, and good colloidal stability, which are 

essential parameters for biomedical and pharmaceutical 

applications. SEM and EDX analyses further confirmed the 

spherical morphology and elemental purity of the 

synthesized nanoparticles. Additionally, stability studies 

indicated that the nanoparticles remained stable over time 
without significant aggregation or degradation. 

Overall, the findings of this study highlight the efficiency, 

simplicity, and reproducibility of plant-based green 

synthesis for the production of high-quality silver 

nanoparticles. The synthesized nanoparticles exhibited 

desirable  physicochemical  properties,  making  them 

promising candidates for future applications in 

pharmaceuticals, biomedical devices, antimicrobial 

formulations, and nanomedicine. Further studies focusing 

on biological activities, toxicity assessment, and large-scale 

production could pave the way for their practical and 

clinical utilization. 
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