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Hazpanue nyoauxamum: «OBTAINING COPPER NANOPARTICLES USING
GREEN LEAF EXTRACTS»

Abstract: The synthesis of copper nanoparticles (CuNPs) using green leaf
extracts has gained significant attention due to its environmentally friendly, cost-
effective, and sustainable approach. Unlike conventional chemical and physical
methods, the green synthesis of CuNPs eliminates the use of toxic chemicals and
provides an eco-friendly alternative for nanoparticle production. This paper explores
the process of obtaining CuNPs using various green leaf extracts, discusses their
properties, and highlights their potential applications in medicine, catalysis, and
environmental protection. Additionally, we examine the factors influencing
nanoparticle formation, including the choice of plant species, pH, temperature, and
reaction time. The study aims to contribute to the growing body of knowledge on green
nanotechnology by emphasizing the advantages of biogenic synthesis over traditional
methods.

Keywords: Copper nanoparticles, green synthesis, leaf extracts, eco-friendly
nanotechnology, biogenic reduction, sustainable chemistry

1. Introduction

Nanotechnology has revolutionized numerous scientific fields, including
medicine, environmental science, and material engineering. Among various
nanomaterials, copper nanoparticles (CuNPs) have emerged as a promising
alternative due to their exceptional electrical, optical, and antimicrobial properties.
Traditionally, CuNPs have been synthesized through chemical and physical methods,

which often involve hazardous reagents and high energy consumption. However, the
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growing concern over environmental sustainability has led researchers to explore
green synthesis techniques, particularly using plant-based extracts.

Plants contain natural reducing agents such as polyphenols, flavonoids, and
alkaloids, which facilitate the reduction of copper ions into nanoparticles while acting
as stabilizers. This study focuses on obtaining CuNPs using green leaf extracts,
analyzing the synthesis process, and evaluating the resulting nanoparticles' properties
and applications.

2. Green Synthesis of Copper Nanoparticles

2.1 Mechanism of Green Synthesis

The synthesis of CuNPs using plant extracts follows a biogenic reduction
process, where bioactive compounds from leaves act as reducing and stabilizing agents.
The general reaction involves:

1. Copper precursor (Cu* source) — typically copper sulfate (CuSOs) or
copper nitrate (Cu(NOs):2).

2. Plant extract — containing secondary metabolites like polyphenols,
tannins, and alkaloids.

3. Reduction and stabilization — plant-derived compounds convert Cu* to
Cu?®, leading to nanoparticle formation and preventing agglomeration.

The reaction can be represented as:

Cu?* +Phytochemicals—Cu® (nanoparticles)+oxidized phytochemicals

2.2 Selection of Plant Extracts

Different plant leaves have been successfully used for the green synthesis of

CuNPs, including:

. Azadirachta indica (Neem) — rich in flavonoids and polyphenols.
. Ocimum sanctum (Tulsi) — contains eugenol and rosmarinic acid.
. Moringa oleifera — known for its antioxidant properties.

. Magnolia grandiflora — abundant in alkaloids and tannins.

The choice of plant extract influences particle size, shape, stability, and
functional properties.

2.3 Experimental Procedure
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The synthesis of CuNPs using leaf extracts involves the following steps:

Step 1: Preparation of Leaf Extract

1. Fresh leaves are collected, washed thoroughly, and air-dried.

2. Leaves are boiled in distilled water (60—80°C) for 10-30 minutes.

3. The extract is filtered using Whatman filter paper to remove solid
residues.

Step 2: Synthesis of Copper Nanoparticles

1. A 0.01M solution of CuSQs4 or Cu(NOs): is prepared.

2. The leaf extract is added dropwise to the copper solution under constant
stirring.
3. The mixture is incubated at room temperature (or heated slightly, ~50°C)

for 2—6 hours.

4. A color change from light blue to dark brown or reddish indicates
CuNP formation.

Step 3: Purification and Characterization

1. The nanoparticles are separated by centrifugation (10,000-15,000 rpm,
15 min).

2. They are washed with ethanol and distilled water to remove unreacted
components.

3. The dried CuNPs are characterized using:

o UV-Vis spectroscopy (for optical properties).

o X-ray diffraction (XRD) (to confirm crystallinity).

o Scanning Electron Microscopy (SEM) (for morphology).

o Fourier Transform Infrared Spectroscopy (FTIR) (to analyze
functional groups).

3. Properties of Green-Synthesized Copper Nanoparticles

The properties of CuNPs depend on synthesis conditions and the plant extract
used. Key characteristics include:

. Size and Shape: Typically 10-50 nm, spherical or irregular.
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. Optical Properties: Exhibits surface plasmon resonance (SPR) in the
500-600 nm range.

. Antimicrobial Activity: Effective against bacteria (E. coli, S. aureus)
and fungi due to oxidative stress mechanisms.

. Catalytic Efficiency: Useful in degrading organic pollutants like dyes.

. Conductivity: High electrical conductivity, suitable for sensor
applications.

4. Applications of Green-Synthesized CulNPs

4.1 Biomedical Applications

. Antimicrobial agents — CuNPs exhibit strong antibacterial and antifungal
activity, useful for wound dressings and coatings.

. Drug delivery — Functionalized CuNPs enhance targeted drug delivery
in cancer therapy.

. Biosensors — Used for detecting glucose, cholesterol, and heavy metals.

4.2 Environmental Applications

. Water purification — CuNPs act as catalysts in removing heavy metals
and pollutants.

. Pesticide degradation — Biogenic CuNPs accelerate pesticide
breakdown in soil.

4.3 Industrial Applications

. Catalysis — CuNPs enhance organic synthesis reactions.

. Electronics — Used in printed circuit boards, conductive inks, and
flexible electronics.

5. Advantages of Green Synthesis Over Conventional Methods

Aspect Green Synthesis Chemical/Physical Methods
Eco-Friendliness | High (no toxic chemicals) | Low (hazardous reagents used)
Cost Low (plants are cheap) High (precursors, stabilizers)
Scalability Moderate High

Stability High (bio-stabilized) Varies (needs surfactants)
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Toxicity Minimal High (chemical residues)

6. Conclusion

The green synthesis of copper nanoparticles using leaf extracts offers an eco-
friendly, cost-effective, and sustainable alternative to conventional methods. By
utilizing plant-derived compounds as reducing and stabilizing agents, this approach
eliminates the need for toxic chemicals while maintaining high nanoparticle stability
and functionality. The synthesized CuNPs demonstrate antimicrobial, catalytic, and
electronic properties, making them valuable for biomedical, environmental, and
industrial applications. Future research should focus on optimizing synthesis
conditions, improving scalability, and exploring new plant species for enhanced
nanoparticle properties.
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