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Abstract: Nanotechnology in drug delivery system nowadays exhibit different chemical, physical
properties consequently biological effects compared to larger-scale counterparts that can be beneficial
for drug delivery systems. However, the synthesis methods for NPs are hampered by the need for
vacuum, exposure to radiation, and high operating temperatures which require cooling systems and
expensive equipment These methods can be costly, harmful, and environmentally unfriendly. They also
use toxic chemicals, stabilizing agents, and highly concentrated reductants that can be hazardous to
human health and the atmosphere.

Keywords: Nanotechnology

I. INTRODUCTION

Nanotechnology in drug delivery system nowadays exhibit different chemical, physical properties consequently
biological effects compared to larger-scale counterparts that can be beneficial for drug delivery systems. However, the
synthesis methods for NPs are hampered by the need for vacuum, exposure to radiation, and high operating
temperatures which require cooling systems and expensive equipment These methods can be costly, harmful, and
environmentally unfriendly. They also use toxic chemicals, stabilizing agents, and highly concentrated reductants that
can be hazardous to human health and the atmosphere.

Green synthesis of metallic nanoparticles offers a sustainable and environmentally benign alternative to conventional
chemical methods. This approach utilizes biological entities such as plants, microorganisms, and their extracts to
reduce metal precursors and cap the resulting metallic nanoparticles, thereby eliminating or minimizing the use of toxic
chemicals and solvents.

Shift to Green Synthesis

Traditional AgNPs production relies on physical and chemical manufacturing methods.

Physical routes require high energy consumption and specialized machinery. Chemical synthesis utilizes toxic reducing
agents like sodium borohydride.

These hazardous chemicals generate environmental pollution and restrict biomedical applications.

Role of Neem (Azadirachta indica) Extract :- (why neem is used ?)
Neem plant extract serves as an exceptional bio-factory for AgNPs. It acts simultaneously as a reducing agent and a
stabilizing agent. The plant contains complex phytochemicals that drive the synthesis process.
[ Neem Leaf Extract ]
(Terpenoids, Flavonoids, Phenols)

V' (Donates Electrons)
[ Silver Nitrate (AgNO3) ] » [ Silver Nanoparticles (AgNPs) ]
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Why Silver Nitrate (AgNO3) Is Chosen for Green Synthesis Excellent Water Solubility ?

Agno3 dissolves completely and instantly in water, releasing a high concentration of free silver ions (Ag+) ready to
react with the Neem extract.

1.Easy and Rapid Reduction

2.High Chemical Stability

3.Inert By-Products

4.Global Benchmark Precursor

5.Cost-Efficiency

* Advantages :-

1. Cost-Effective and Scalable

2. Rapid and High-Yield Production
3. Eco-Friendly and Safe Process

* Disadvantages:-

1. Quality Control & Non-Uniformity.
2. Technical & Purification Obstacles
3. Industrial Scale-Up Barriers

* Properties of AgNPs:-

1. Appearance: Changes color to deep brown; shows a UV light peak at 400 nm.
2. Structure: Tiny (1-100 nm), mostly spherical, and crystalline.

3. Surface: Wrapped in plant molecules with a negative charge for stability.

II. LITERATURE REVIEW

1. Ms.Shivknya Phutke et al [ 2024 ] :- Nanotechnology in drug delivery system nowadays exhibit different chemical,
physical properties consequently biological effects compared to larger-scale counterparts that can be beneficial for drug
delivery systems. However, the synthesis methods for NPs are hampered by the need for vacuum, exposure to radiation,
and high operating temperatures which require cooling systems and expensive equipment These methods can be costly,
harmful, and environmentally unfriendly. They also use toxic chemicals, stabilizing agents, and highly concentrated
reductants that can be hazardous to human health and the atmosphere .
2. Abhishek Mukherjee et al [ 2021 ]:- The ability of algae to accumulate metals
A substantial part of the planet’s biodiversity, and reduced metal ions make them a superior contender for the
biosynthesis of nanoparticles and hence they are called bio-nano factories as both the live and dead dried biomass are
used for the synthesis of metallic nanoparticles. Microalgae, forming a usually single-celled colony-forming or
filamentous photosynthetic microorganisms, including several legal divisions like Chlorophyta, Charophyta, and
Bacillariophyta.
3. Matthew Huston et al [ 2021 ] :- The present review highlights the history of nanoparticle synthesis, starting with
traditional methods and progressing towards green methods. Green synthesis is a method just as effective, if not more
so, than traditional synthesis; it provides a sustainable approach to nanomaterial manufacturing by using naturally
sourced starting materials and relying on low energy processes. The recent use of active molecules in natural biological
systems such as bacteria, yeast, algaec and fungi report successful results in the synthesis of various nanoparticle
systems. Thus, the integration of green synthesis in scientific research and mass production provides a potential
solution to the limitations of traditional synthesis methods.
4. Rushikesh Chougale et al [ 2022 ]:- The nanotechnology and biomedical sciences open the possibility for a wide
variety of biological research topics and medical uses at the molecular and cellular level. The biosynthesis of
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nanoparticles has been proposed as a cost-effective and environmentally friendly alternative to chemical and physical
methods. Plant-mediated synthesis of nanoparticles is a green chemistry approach that connects nanotechnology with
plants. Novel methods of ideally synthesizing NPs are thus thought to be formed at ambient temperatures, neutral pH,
low costs and environmentally friendly fashion. Keeping these goals in view nanomaterials have been synthesized
using various routes.

5. Mangal Singh Panwar et al [2024 ] :- In the rapidly evolving field of nanotechnology, the synthesis of silver
nanoparticles (AgNPs) has shifted towards eco-friendly methodologies, aligning with the growing demand for
sustainable practices. Biologically synthesized AgNPs, particularly noteworthy for their applications in medicine and
materials science, exhibit exceptional efficacy against microorganisms. The unique physicochemical properties of
AgNPs, including their small size and large surface area-to-volume ratio, contribute to their versatility in diverse
sectors.

6. V. V. Makarov et al [ 2013 ]:- The widespread practical application of metal nano-particles (particles less than 100
nm) is attributable to a number of their unique properties [1-4]. Different physical and chemical processes currently
widely used to synthesize metal nanoparticles, which allow one to obtain particles with the desired characteristics [5-81
However, these production methods are usually e pensive, labor-intensive, and are potentially hazardous to the
environment and living organisms .

7. Melvin S. Samuel et al [ 2022 ] :- In recent times, metal oxide nanoparticles (NPs) have been regarded as having
important commercial utility. However, the potential toxicity of these nanomaterials has also been a crucial research
concern. In this regard, an important solution for ensuring lower toxicity levels and thereby facilitating an unhindered
application in human consumer products is the green synthesis of these particles. Although a naive approach, the
biological synthesis of metal oxide NPs using microorganisms and plant extracts opens up immense prospects for the
production of biocompatible and cost-effective particles with potential applications in the healthcare sector. An
important area that calls for attention is cancer therapy and the intervention of nanotechnology to improve existing
therapeutic practices. Metal oxide NPs have been identified as therapeutic agents with an extended half-life and
therapeutic index and have also been reported to have lesser immunogenic properties. Currently, biosynthesized metal
oxide NPs are the subject of considerable research and analysis for the early detection and treatment of tumors, but
their performance in clinical experiments is vet to be determined .

8. Shuaixuan Ying et al [ 2022 ] :- In this review, current developments in the green synthesis of nanoparticles of gold
(Au NPs), silver (Ag NPs), palladium (Pd NPs), copper (Cu NPs), and iron and its oxide (Fe NPs) were evaluated.
Major findings reveal the complexity in geographical and seasonal distributions of plants and their compositions that
green synthesis is limited beneficial than traditional chemical by time and place of production.

Aim & Objectives
Aim :-
Green synthesis & Formulation of silver nanoparticles using Neem extract .

Objective:-

The primary objective of the green synthesis of silver nanoparticles (AgNPs) using Neem (Azadirachta indica) extract
is to develop a rapid, cost-effective, and environmentally friendly alternative to traditional physical and chemical
methods that often involve hazardous reagents and high energy consumption.

Materials & Method of preparation
Biological Source: (Neem):-
Fresh Neem (Azadirachta indica) leaves (belonging to family meliacece) , typically washed with tap water.
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Scientific name: Azadirachta indica

Common names:  Neem, Nimtree, Indian lilac, Arishtha
Location in school: Medicinal garden

Identifying features: Evergreen tree

Parts used: Leaves

Therapeutic use:  Known for its pesticidal and insecticidal properties, but
pecple also use it in hair and dental products

Fig.1.Neem drug profile
* Chemical Precursor: Silver nitrate (Agno3) , usually at a concentration of 1 mM.
* Solvent: Double-distilled water .
* Equipment: conical flasks, beaker , magnetic stirrer, centrifuge, and dark chamber (to prevent silver nitrate photo-
activation).

A] Preparation of Neem extract:-

* Process :-

Step 1: Collect fresh Azadirachta indica (Neem) leaves, wash thoroughly with deionized water, and air-dry.
Step 2: Finely cut 20g of leaves and boil in 100ml of distilled water at 80°C for 20 minutes.

Step 3: Cool the solution or mixture at room temperature.

Step 4: Filter the extract using Whatman No.1 filter paper and store it at 4°C for the synthesis process

Fig2. Preparation of Neem extract

B] Preparation of silver nitrate solution:-

* Process :-

1. Prepare a 1 mM solution of Silver Nitrate (AgNO3).

Calculation: Dissolve 0.0169g of AgNO3 in 100ml of distilled water.

2. Store the solution in an amber-colored bottle to prevent photo-reduction (reaction to light).
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C] Synthesis process (for silver nanoparticles) :-

1. Add 10ml of Neem extract (dropwise) to 90ml of the 1 mM AgNO3 solution (untill colour changes to brown).

2. Adjust the pH if necessary (alkaline pH often speeds up the reaction).

3. Continue stir the mixture over magnetic stirrer untill colour changes.

4.0bserve the color change from pale yellow to reddish-brown. This is the primary indicator that nanoparticles have
formed.

D] Purification
a. Centrifuge the solution at 10,000 RPM for 15 minutes.
b. Discard the supernatant and redisperse the pellet in distilled water to remove the impurit

i \
Silvernitrat
S solution

Fig.5.Purification of AgNPs

E] Drying:
The purified AgNPs are dried in the hot air oven under 65°C (for 24hrs) to obtain powdered nanoparticles.
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Fig .6.Drying process of AgNPs s

F] Characterization techniques (evaluation studies)

1. UV-Vis Spectroscopy: Measure the absorbance spectrum between 300 nm and 700 nm to identify the Surface
Plasmon Resonance (SPR) peak.

2. FTIR Analysis:  Identify the functional groups (like carbonyl or hydroxyl) from the Neem extract that are
responsible for "capping" the silver.

3.DLS & Zeta Potential: Determine the average particle size distribution and the surface charge (stability) of the
nanoparticles.

4.Microscopy (SEM/TEM): Capture high-resolution images to confirm the morphology (usually spherical) and exact
diameter of the particles.

E] Antimicrobial application testing
1.The biological efficacy of the synthesized Neem-AgNPs is determined using the Agar Disc Diffusion Method:
2.Prepare Nutrient Agar plates and uniformly spread target bacterial cultures (e.g., Escherichia coli and Staphylococcus
aureus) across the surfaces
3. Place sterile paper discs onto the agar plates.
4.Impregnate different discs with:
I. Pure Neem Leaf Extract (Negative Control).

II.Pure {Agno3} solution (Precursor Control).

III. Synthesized Neem-AgNPs solution (Test Sample).

IV. Standard antibiotic disc like Streptomycin (Positive Control).
5.Incubate the plates at 37°C for 24 hours.
6.Measure the clear Zone of Inhibition (ZOI) around each disc in millimeters.
7. The Neem-AgNPs create a significantly larger ZOI than raw Neem extract due to the tiny particles penetrating
bacterial cell membranes and disrupting cellular respiration.
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Fig.7. Antimicrobial application testing

Applications
* Medical & Healthcare:
Potent antibacterial and antifungal agents used in wound dressings, surgical coatings, and creams to prevent infections.

* Water Treatment;
Acts as a disinfectant to kill waterborne pathogens and a catalyst to remove toxic industrial dyes.

* Agriculture:
Used as an eco-friendly nano pesticide and fungicide to protect crops with minimal chemical runoff.

* Food Safety;
Integrated into "smart packaging" to kill microbes and extend the shelf life of fresh produce.

* Cancer Research:
Studied for targeted anti-tumor activity, specifically inducing cell death in cancer lineages.

* Consumer Goods:
Added to textiles (socks/sportswear) and cosmetics for odor control and preservation.

Conclusion

The present study successfully demonstrated the rapid, eco-friendly synthesis of silver nanoparticles using Neem leaf
extract. The transition of the reaction mixture from pale yellow to deep brown served as the primary indicator of
AgNPs formation, later confirmed by UV-Vis spectroscopy with a characteristic surface plasmon resonance peak.

The synthesized nanoparticles showed high stability, likely due to the capping effect of Neem's phytochemicals.
Experimental results further indicate that these AgNPs possess potent antibacterial properties, making them a viable
alternative to synthetic antibiotics. This research concludes that green synthesis is not only a cost-effective and
sustainable method but also enhances the biological utility of nanoparticles for future biomedical innovations."
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Summery

The green synthesis of silver nanoparticles (AgNPs) has emerged as a sustainable and non-toxic alternative to
conventional chemical methods. This project explores the use of Neem (Azadirachta indica) leaf extract as both a
reducing and stabilizing agent. The synthesis was confirmed visually by the transition of the solution to a characteristic
reddish-brown color. Preliminary analysis indicates that the presence of phytochemicals like terpenoids and flavanones
facilitates the rapid reduction of silver ions. This study aims to provide a biocompatible nanomaterial with significant
potential for antimicrobial applications in medicine and water purification.

II1. RESULT & DISCUSSION
Biosynthesis of silver nanoparticles using Neem extract, confirmed by a color change to dark brown and a UV-Vis
absorption peak at 435 nm, demonstrates successful reduction and capping by plant metabolites, specifically
polyphenols and proteins. XRD and electron microscopy (SEM/TEM) further validate the formation of highly
crystalline, spherical silver nanoparticles with a face-centered cubic structure, ranging in size from 15 to 35 nm.
The primary, immediate indicator of the bio reduction of silver ions into metallic silver nanoparticles is a distinct visual
color transformation of the reaction mixture.
At the start of the experiment, the aqueous leaf extract of Neem (Azadirachta indica) displayed a translucent, pale
yellowish-green hue, while the freshly prepared 1nm Silver Nitrate (AgNO3) solution was completely colorless and
transparent.
Upon mixing the two solutions in an optimized (1:9) volume ratio at room temperature (28°c +- 2°c), the chemical
environment began to shift.
The chronological progression of the reaction was systematically monitored and recorded:

[0 Mins] » Yellow-Green Brown (Initial state)

[15 Mins] P Light Yellow Brown (reaction onset)
[30 Mins] P clear Amber Brown (nucleation phase)
[120 Mins] » Deep intense Brown (growth phase)

[24 Hours] » Stable dark brown (termination)

The appearance of the deep brown color is a well-documented physical phenomenon unique to noble metal
nanoparticles. It is caused by the excitation of Surface Plasmon Resonance (SPR).
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