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Abstract: The escalating demand for environmentally benign nanomaterials has propelled the adoption of green synthesis methods for
metallic nanoparticles. This study presents a facile, eco-firiendly biosynthesis of silver nanoparticles (AgNPs) utilizing aqueous leaf extract
of Azadirachta indica (Neem), a widely available medicinal plant in India. The synthesis was optimized by varying reaction parameters
such as temperature, pH, reaction time, and extract concentration. The formation of AgNPs was confirmed by a characteristic surface
plasmon resonance (SPR) peak at 420-440 nm in UV-Vis spectroscopy. The nanoparticles were spherical to oval, with an average size of
22-30 nm, as determined by scanning electron microscopy (SEM), transmission electron microscopy (TEM), and dynamic light scattering
(DLS). Fourier-transform infrared (FTIR) spectroscopy revealed the involvement of phytochemicals like phenols, flavonoids, and proteins
in reduction and stabilization. X-ray diffraction (XRD) confirmed the face-centered cubic crystalline structure. The synthesized AgNPs
exhibited potent antimicrobial activity against Gram-positive (Staphylococcus aureus, Bacillus subtilis) and Gram-negative (Escherichia
coli) bacteria, with inhibition zones ranging from 15-25 mm. This research underscores the potential of plant-mediated AgNPs as
sustainable alternatives for biomedical and agricultural applications, aligning with global sustainability goals.
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1. Introduction

Nanotechnology has revolutionized various fields, including
medicine, agriculture, and environmental science, by
harnessing the unique physicochemical properties of
materials at the nanoscale (1-100 nm). Among metallic
nanoparticles, silver nanoparticles (AgNPs) stand out due to
their exceptional antimicrobial, catalytic, and optical
properties. Traditionally, AgNPs are synthesized through
physical (e.g., laser ablation) and chemical (e.g., reduction
with sodium borohydride) methods. However, these
approaches often involve toxic solvents, high energy
consumption, and hazardous byproducts, posing significant
environmental and health risks.

In response, green synthesis—Ileveraging biological entities
such as plants, microbes, and algae—has emerged as a
sustainable paradigm. Plant-based synthesis, in particular, is
advantageous due to the abundance of phytochemicals (e.g.,
alkaloids, flavonoids, terpenoids) that serve as reducing and
capping agents, eliminating the need for external stabilizers.
Azadirachta indica (Neem), a cornerstone of Ayurvedic
medicine native to the Indian subcontinent, is rich in bioactive
compounds like Azadirachtin, Nimbin, and Quercetin,
making it an ideal candidate for nanoparticle fabrication.

This study focuses on the green synthesis of AgNPs using
Neem leaf extract, with optimization of key parameters to
achieve high yield and stability. The nanoparticles were
thoroughly characterized and evaluated for antimicrobial
efficacy, addressing the urgent need for eco-friendly

antimicrobials amid rising antibiotic resistance. The work
contributes to the broader discourse on plant-mediated
nanotechnology for sustainable development, particularly in
resource-rich regions like Andhra Pradesh, India.

2. Review of Literature

The green synthesis of nanoparticles using plant extracts has
gained momentum since the early 2000s, with over 500
studies published in the last decade alone. Early reports
demonstrated the feasibility of using leaf extracts from
species like Aloe vera, Cinnamomum camphora, and
Medicago sativa for AgNP production.

A comprehensive review by Iravani et al. (2021) highlighted
that plant extracts facilitate rapid reduction of Ag* to Ag° via
polyphenolic compounds, with reaction times as short as 10—
30 minutes. Key factors influencing synthesis include pH
(alkaline conditions favor smaller particles), temperature (60—
80°C accelerates kinetics), and extract-to-metal ratio.

Specific to Azadirachta indica, Ahmed et al. (2016) reported
spherical AgNPs (10-20 nm) with strong antibacterial activity
against Escherichia coli and Staphylococcus aureus. Verma
and Mehata (2016) optimized Neem extract for controllable
size (5-50 nm) and noted enhanced stability due to capping
by terpenoids. Recent studies, such as those by Asimuddin et
al. (2020) and Pawar et al. (2022), confirmed anticancer and
wound-healing properties, attributing efficacy to synergistic
effects of AgNPs and residual phytochemicals.
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Literature also underscores applications in photocatalysis,
heavy metal sensing, and agriculture. For instance, Neem-
AgNPs promoted tomato seed germination by 70% and
enhanced biomass at low concentrations (5—-10 ppm), likely
via improved nutrient uptake. However, gaps remain in
scalable production, long-term stability, and mechanistic
insights into phytochemical roles. This study addresses these
by integrating optimization, multi-technique characterization,
and targeted antimicrobial testing.

3. Methodology

3.1 Plant Material and Extract Preparation:

Fresh Azadirachta indica leaves were collected from the
campus of Sri Venkateswara University, Tirupati, Andhra
Pradesh (GPS: 13.6289°N, 79.4192°E), washed thoroughly
with distilled water, shade-dried, and powdered. Aqueous
extract was prepared by boiling 10 g powder in 100 mL
distilled water for 30 min, followed by filtration and
centrifugation (5000 rpm, 10 min). The supernatant was
stored at 4°C.

3.2 Synthesis of AgNPs:

Silver nitrate (AgNOs;, 1 mM) was used as precursor.
Optimization involved:

Temperature: 30—70°C; pH: 5—13 (adjusted with NaOH/HCI);
Reaction time: 1-6 h

Extract volume: 10-50 mL per 10 mL AgNOs

The reaction mixture (1:1 ratio) was incubated under
optimized conditions (70°C, pH 11, 3 h, 10 mL extract).
Colour change from pale yellow to brown indicated AgNP
formation. Nanoparticles were purified by centrifugation
(10,000 rpm, 15 min) and redispersed in water.

3.3 Characterization

UV-Vis Spectroscopy: Absorbance scanned from 300-800
nm (Shimadzu UV-1800).

FTIR  Spectroscopy:  Functional  groups
(PerkinElmer, KBr pellet, 4000-400 cm™).
SEM and EDX: Morphology and elemental composition
(Zeiss EVO 18).

TEM: Size and shape (JEOL JEM-2100, 200 kV).

DLS and Zeta Potential: Hydrodynamic size and stability
(Malvern Zetasizer).

XRD: Crystallinity (Bruker D8 Advance, Cu Ka radiation).

analysed

3.4 Antimicrobial Activity

Disk diffusion method against Staphylococcus aureus (ATCC
25923), Bacillus subtilis (ATCC 6633), and Escherichia coli
(ATCC 25922). AgNPs (50200 ng/mL) were loaded on 6
mm disks. Zones of inhibition measured after 24 h at 37°C.
Minimum inhibitory concentration (MIC) determined by
broth microdilution.

4. Results and Discussion
4.1 Synthesis and Optimization

The reaction mixture turned brown within 30 min at 70°C,
with maximum intensity at 3 h and pH 11. UV-Vis spectra
showed a sharp SPR peak at 430 nm, confirming AgNP
formation (Fig. 1). Higher temperatures and alkaline pH
enhanced reduction kinetics, consistent with deprotonation of
phenolic groups.

4.2 Morphological and Structural Characterization:

SEM and TEM revealed predominantly spherical particles
(22-30 nm) with minor aggregation (Fig. 2). DLS showed
polydispersity index (PDI) of 0.25 and zeta potential of -28
mV, indicating good colloidal stability. XRD peaks at 38.1°,
44.3°, 64.4°, and 77.4° (20) confirmed face-centered cubic
(FCC) structure (JCPDS 04-0783). Average crystallite size by
Scherrer equation: 25 nm.
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Green synthesis of silver nanoparticles using plant leaf
extraction of Azadirachta indica FTIR spectra displayed
peaks at 3518 cm™ (O-H stretch, phenols), 3298 cm™ (C-H,
methoxy), 1639 cm™ (C=0, amides), and 675 cm™ (C=C,
alkenes), confirming capping by Neem phytochemicals. EDX

Activity surpassed chemically synthesized AgNPs due to
synergistic  phytochemical capping, disrupting cell
membranes via ROS generation and Ag* release.

Table 1: Antimicrobial activity of AgNPs (zone of inhibition

showed strong Ag signal (68.5 wt%) alongside C and O from in mm).
biomolecules. Concentration | Escherichia | Staphylococcus | Bacillus
(pg/mL) coli aureus subtilis
4.3 Antimicrobial Activity: 50 15 12 14
100 20 18 19
AgNPs inhibited bacterial growth effectively (Table 1). 200 25 22 23
Maximum zones: 25 mm (Escherichia coli), 22 mm
(Staphylococcus aureus). MIC: 25 pg/mL for all strains.
Antimicrobial activity of AgNPs
(zone of inhibition in mm)
Bacillus subtilis
Staphylococcus aureus =
Eschenchia coli
Concentration(pg'mL)
|
0 50 100 150 200 250
Series3 mSeries? M Seresl

5. Discussion

The small size and negative zeta potential enhance cellular
uptake. Compared to literature, these AgNPs match or exceed
those from other plants (e.g., 15-20 nm from Magnolia alba).
Limitations include batch-to-batch variability; future work
could explore scale-up via continuous flow reactors.

6. Conclusion

This study successfully demonstrates the green synthesis of
stable, spherical AgNPs (22—-30 nm) using Azadirachta indica
leaf extract, optimized for high yield under mild conditions.
Comprehensive characterization confirmed the role of plant
metabolites in fabrication, while antimicrobial assays
validated their efficacy against clinically relevant pathogens.
These findings highlight plant-based nanotechnology as a
viable, cost-effective strategy for combating antimicrobial
resistance and promoting sustainable agriculture. Future
research should focus on in vivo toxicity, large-scale
production, and multifunctionality (e.g., drug delivery). This
work paves the way for indigenous, eco-friendly
nanomaterials in India and beyond.
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