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Abstract: Nanotechnology has marked a significant revolution in various areas of science. Nanoscience
and nanotech- neology are involved in the production and application of nanoparticles that can be used in
various fields. Silver nanoparticles (AgNPs), among other nanoparticles, have received substantial
attention because of their unique properties. This review article focuses on the green synthesis of AgNPs
using medicinal plant extracts. Green synthesized AgNPs offer numerous advantages, including energy
efficiency, low toxicity, high yields, cost- effectiveness, eco-friendliness, and ready availability. The effects
of pH, temperature, incubation time, light and plant extracts, and silver nitrate (AgNO3) concentrations on
the green synthesis of AgNPs are discussed. This review also discusses analytical techniques for the
characterization of AgNPs. Furthermore, recent advances in the application of biosynthesized AgNPs from
herbal plants as therapeutic agents against bacteria, fungi, and tumors are considered. Finally, the
challenges and potential future research directions for the synthesis of AgNPs using green technology are

discussed.
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I. INTRODUCTION
The green synthesis of silver nanoparticles (AgNPs) using medicinal plant extracts has become a significant area of
research due to its eco-friendly nature and the potential advantages it offers over conventional chemical methods. In
traditional methods, toxic chemicals are often used, which can be harmful to the environment and human health. In
contrast, green synthesis utilizes plant extracts rich in bioactive compounds, such as flavonoids, alkaloids, and
polyphenols, which act as reducing and stabilizing agents in the synthesis of silver nanoparticles.
This approach not only eliminates the need for hazardous chemicals but also harnesses the therapeutic properties of the
plants used, enhancing the nanoparticles' biological activities. The nanoparticles produced through this method exhibit
a variety of applications, particularly in medicine, including antimicrobial, anti-inflammatory, and antioxidant
properties.
The green synthesis process generally involves mixing silver nitrate solution with plant extracts, leading to the
reduction of silver ions into silver nanoparticles. Parameters such as pH, temperature, and the concentration of the plant
extract are carefully controlled to produce nanoparticles of desired size, shape, and stability.
Medicinal plants like Turmeric, Lavender, Pomegranate, and Barberry have been commonly used in this process.
Researchers are increasingly focused on optimizing the synthesis parameters and exploring the potential applications of
these green-synthesized silver nanoparticles in fields such as drug delivery, wound healing, and biosensing.
Overall, this area of research highlights the combination of green chemistry and nanotechnology, offering a sustainable
pathway to producing nanomaterials with broad biomedical applications.

Synthesis Methods:

The green synthesis of AgNPs typically involves mixing silver nitrate (AgNOj3) solution with plant extracts. The
phytochemicals in the extract reduce Ag* ions to form AgNPs, which are then stabilized by the plant's biomolecules.
Parameters such as pH, temperature, reaction time, and concentration of plant extract influence the size, shape, and
stability of the nanoparticles.
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Physical methods for the synthesis of silver nanoparticles (AgNPs) involve the use of physical forces or energy to
reduce silver ions and produce nanoparticles. These methods generally require high energy and equipment, but they are
precise in controlling the size and shape of the nanoparticles. Some common physical methods include:

1. Laser Ablation:
e Principle: In this method, a high-energy laser is focused on a silver target submerged in a liquid medium. The
laser causes the silver material to vaporize, and the vaporized atoms condense into nanoparticles.
Advantages: Produces high-purity nanoparticles without the need for chemical reagents.
Applications: Used in precise nanoparticle synthesis and applications requiring high-quality silver
nanoparticles.
2. Physical Vapor Deposition (PVD):

e Principle: In PVD, silver is evaporated under vacuum and the vapor condenses on a substrate to form
nanoparticles. This process allows for precise control over the size of the nanoparticles.

o Advantages: Provides uniform and highly controlled nanoparticle films and coatings.

e Applications: Often used for producing thin films, coatings, and in microelectronics.

3. Sputtering:

e Principle: In sputtering, silver atoms are ejected from a solid silver target by bombarding it with energetic
ions. These atoms are then deposited as nanoparticles on a substrate.

o Advantages: Allows for the deposition of silver onto substrates in a controlled manner.

e Applications: Used in electronics, sensors, and nanostructure fabrication.

4. Electrochemical Methods:

e Principle: Silver nanoparticles are synthesized by reducing silver ions in a solution through an
electrochemical reaction. A voltage is applied between two electrodes, causing silver ions to reduce and form
nanoparticles.

o Advantages: Allows for controlled size and distribution of nanoparticles by adjusting the voltage and other
parameters.

e Applications: Often used for large-scale production of nanoparticles for applications in sensors and coatings.

5. Evaporation-condensation Method:

e Principle: Silver is evaporated at high temperatures and the vapors condense into nanoparticles as they cool
down in a controlled environment.

e Advantages: Produces nanoparticles with well-defined sizes and narrow size distributions.

e Applications: Used in producing metal nanoparticles for a variety of industrial applications.

6. Ball Milling:
e Principle: Silver is ground into fine particles using a high-energy ball mill. This mechanical process induces
shear forces that break the silver into nanoparticles.
Advantages: Simple and scalable method.
Applications: Used for mass production of nanoparticles, especially in powder forms for applications in
catalysis and material sciences.
Advantages of Physical Methods:

o Precise Control: Physical methods allow for the precise control over particle size and morphology.

o No Chemical Reagents Needed: These methods do not require chemical reducing agents, which can be
advantageous for certain applications.

e High Purity: Physical methods tend to produce high-purity nanoparticles.

Disadvantages:
e High Energy Consumption: These methods typically require significant energy input, making them less cost-
effective compared to chemical or green methods.
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o Complex Equipment: Physical methods often require specialized and expensive equipment, which may limit

their scalability.
Overall, while physical methods are efficient for producing high-quality silver nanoparticles, their high energy demands

and specialized equipment requirements make them less common for large-scale production compared to chemical and
green synthesis methods.
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Fig. 2. Green Synthesis of silver nanoparticles. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)
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Fig. 3. Green synthesis of silver nanoparticles via plants. (For interpretation of the references to color in this figure
legend, the reader is referred to the Web version of this article.)

Mechanism of green synthesis of AgNPs

The biosynthesis of AgNPs from plants is an easy procedure that includes the interaction of silver nitrate (AgNO3)
with the biomolecule components of plant extracts. Nanoparticles are formed primarily in three phases: an ion
reduction reaction leads to cluster formation and then induces the growth of nanoparticles. Each stage has unique char-
acteristics depending on the reducing agent, its concentration, AgNQOs, and pH. The presence of hydroxyl groups (OH)

in plant biomolecules, such as amino acids, proteins, alkaloids, flavonoids, polyphenols, en- zymes, tannins,
carbohydrates, and saponins, is associated with the

stabilization and reduction of silver ions
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Medicinal Plants Commonly Used for Green Synthesis:
Several medicinal plants have been studied for their ability to reduce silver ions and produce nanoparticles. Some
examples include:
e Turmeric (Curcuma longa): Known for its antioxidant and antimicrobial properties, turmeric extract is
commonly used in the green synthesis of AgNPs.
e Lavender (Lavandula angustifolia): The extract from lavender flowers can synthesize AgNPs with potential
antimicrobial activity.
e Pomegranate (Punica granatum): The leaves of pomegranate are used to synthesize AgNPs, which show
promising antimicrobial and antioxidant effects.
o Neem (Azadirachta indica): Known for its antibacterial and antifungal properties, neem leaves are commonly
used to synthesize silver nanoparticles.
Applications:
The silver nanoparticles synthesized using plant extracts have a variety of applications:
e Antibacterial and Antifungal: The synthesized AgNPs exhibit potent antibacterial and antifungal properties,
making them useful in wound healing and as antimicrobial agents in various industries.
o Drug Delivery Systems: Due to their biocompatibility, AgNPs are explored for targeted drug delivery and
treatment of diseases like cancer.
e Sensors and Biosensors: Silver nanoparticles are used in detecting pathogens and environmental monitoring
due to their high surface-to-volume ratio and optical properties.
e Catalysis: Green-synthesized AgNPs have shown promise as catalysts in chemical reactions, including
degradation of toxic compounds.
Challenges:
e Size and Shape Control: Achieving consistent size and shape for nanoparticles is often challenging, as it
depends on many factors such as pH, temperature, and the concentration of the plant extract.
e Scalability: While green synthesis is effective at the laboratory scale, scaling up the process for industrial
applications remains a challenge.
e Toxicity Assessment: Though the process is eco-friendly, the toxicity of the nanoparticles must be thoroughly
evaluated before their use in biomedical applications.w

II. CONCLUSION
The green synthesis of silver nanoparticles using medicinal plants offers a sustainable, eco-friendly alternative to
conventional physical methods. It combines the benefits of nanotechnology with the therapeutic properties of plants,
providing a pathway for the production of biocompatible and cost-effective nanomaterials. While there are some
challenges in terms of control over particle size and scalability, the research in this field is rapidly advancing and holds
great promise for various applications, particularly in medicine, environmental remediation, and materials science.
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